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PREFACE

On the invitation of the Preasidents of the Hungarian Academy
of Sciences and of the National Water Authority of Hungary, re-
spectively, a Symposium on the theme of "Hydreulic Research on
Rivers and on Ice with Special Regard to Navigation" was held in
Budapest from the 15th to 17th January, 1974, The Symposium was
‘organized jointly by the Sections of Fluvial Hydraulica and of
Ice Problems, International Association for Hydraulic Research
(IABR) snd by the Section of Inland Navigation, Permanent Inter-
national Association of Navigation Congresses (PIANC).

It ia the first time that these two internmationally respect-
ed assoclations jointly arranged a meeting on an important sphere
of scientific problems. We, the hosts, felt very much honoured
that this meeting waa held in our country and that it was partic-
ipated by e great number of distinguished professionals, in spite
of the narrow theme chosen.

As the hosts had hoped, this symposium 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. 4nd as for co-oper-
ation between professionals of different branches of science on
international level, this Symposium demonstrated that such joint
ventures could offer an excellent opportunity for achieving com-
promige between often inconsistent human needs, as it was pointed
out by Prof. Harold Jan Schoemaker in hig lecture and by Prof.
Imre Dégen, Prof. Taizo Hayashi, and Prof. Henri Vandervelden in
their toasts at the final banquet of the Symposium.

In the name of the local committees, the Sponsoring, the
Scientific, and perhaps first of all the Organizing Committee, I
must express my sincere thanks for that really intensive and
helpful guidance, assistance and co-operation by which the Secre-
tariats of both Associations made it possible for us to acaieve
such a success as this Symposium has turned out %o be.

Budapest, 30th September, 1974
lz : (@]

Jézaef Vincze

Yice=Pregident
National Water Authority of Eungary

Cbairman, Iocal Sponsoring Committee
IAHR/PIANC Symposium on BRiver and Ice
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held on 14 through 18 January, 1974
in Budaspest, Hungsry

The Sections for Fluvial Hydraulics snd for Ice Problems cof
the ;gternationil Asgocigtion for Hydraulic Resesrch (IAHR), in
co-operstion e Section for Inland Nevigaticn of the 'Perme=
nent Internstional Asscociation of Havigation Ccocngresses (PIA"'j
held an International Symposium in Budepest od "H!nrau;ic 1=
gsearch on Rivers and Ice with Specigl Regerd %o Nsvication" under
the suspices of the Hungarian Acsdemy of oclemces (LTA, and the

National Weter Authority of Hungery (OVH).

Prof.Imre Dégen, Secretary of State and President of GVH,was
the Honorary Chalrmsn of the Symposium and the Chairman of the
International Honorary Committee. The preparation of the Symoo-~
sium was directed by & Local Sponsoring Committee (Cheirman:
Mr.Jézgef Vincze, Vice-President, OVH; Secretsry: Prof,Dr. Zce
Kerfal CSc., Head, Depsrtment of Water Manegement, CVH) sni by a
Tocel Scientific Committee (Cheirmen: Prof.Dr.John L.Bogdrdi,
Member of MTA, Budapest University of Technology; Secretery:Zrof.

Dr.0dtn Starosolszky CSc., Deputy Head, Department of Water lenas=-
gement, UVH), furthermore by & Local Organizing Committee { hsir-
men: Dr.Kdroly Stelczer CSc., Director of the Research Institute

for Weter Hesources Development, VITUKI; Secretary: Dr.Zoltén g.
Hsnkd, Head, Department of Hydromechanics, VITUKI). The Sympocsium

material wes prepsred for publication in form of preprints and
postprints by Dr.0ttd Hsszpra D.Sc., Scientific Consultent, VITUKI.

The Subjects of the Symposium covered the hydrsulic sspects
of the following fields:

- river regulstion and flood control, river canaslizstion and wee-
ter power development, etc.;

- ice phenomena of natural, trained snd canslized rivers;
- inlgnd navigation.

At the sessions of the Symposium the papers submitted on tha
following subjects were discussed:

A) Relationships of fluvisl and ice hydraulics

The effects of the flow conditions on the ice fermeticn,
drift, cover development, jamming and break-up with special re-
gard to multipurpose river training end navization,

B) Interrelations between river treining, river cesnslizs
Flead water power deveiopmen nevigation wita scec
ce control

SBI‘a to 3




River training works for improving ice flow conditions, in=-
terrelations between river morphology and ice regime. Strategy of
ice breaking for ice flood prevention om rivers, melting from up-
stream, considering meteorological forecasting. Problems connect~
ed with ice phenomena on cenalized rivers of small slope includ-
ing erfects of runoff or pesk river power plants. Effect of nat-
ural and artificial effluents, including cooling water, on the
ice regime of rivers. Ice regime of trained or cenalized rivers
with respect to nmavigation.

C) Effects of runoff regulation

Sffects of runoff regulstion, on water, ice and bed regimes,
in upstresm and downstream reaches of rivers, caused by natural
or mgn made reservoirs with specisl regard to navigatiocn.

41 pepers were submitted as a total. 38 papers were grouped
and published es preprints according to the subjects as follows:

Subject A) = 13; Subject B) - 17; Subject C) -~ 8. 3 other papers
arrived too late snd were published in the Postprint volume.
Pror 18 countries 160 experts participated in the Symposium.
The events and results of the Symposium - without the inten=-
tion of completeness -~ msy be summarized as follows.

Cn 14 Jsnuary, 1974 the participants of the Symposium were
welcomed end reglstered, furthermore scientific and informative
meteriel was digtributed.

In the morming of 15 Janua at the opening session Prof.Dr.

John L.Bogdrdi, Acsdemician an esident o e Commission for
ScTentific Water Msnagement of MTA, addressed the participants on
behalf of the heosts, namely of the Hungariasn Academy of Sciences
(XT4) end of the National Water Authority of Hungery (OVH); and
Jelivered a formal opening speech. On behalf of the organizing
international associations Prof.Dr.Taizo Hsyashi (Japan), FPresi-
dent of IaHR, and Prof.Henry Vendervelden !ﬁeIgium), Secretary
Genersl of PIANC, welcomed ¥Ee Symposium. Purthermore Dr.Ggargg
Pekete, Director of the Internetional Danube Commission’s Secre-
teriat sddressed the participants of the Symposium and Prof.
Kiri)l Zvorykin (USSR) conveyed the best wishes of Dr.Mikhail

aanev, President of the Soviet Natiomal Committee Tor IANR.

The opening session was followed by s fegtive session at
which Prof.Jumre Dégen, Secretary of Stste, welcomed the partici-
cents of the Symposium by a formal address conveyed on behalf of
the Hungarian Government, furthermore performed a festive lecture
on "“ster Mensgement Aspects of Flood and Ice Control in Hungary".
?5llowing the lecture a film was presented, informing about some
events of the major floods and the development of the methods and
zegus of fighting agsinst floods in this country between the 20°’s
of this century end the present days.

In the afternoon of 15 Januery Prof.Istvdn Mdtrasi held a
~eneral lecture on subject C). After the Tecture the submitted
-cezerg were introduced by the suthors callinmg the attention to
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the main points and final conclusions. The session was cloged by
a general discussion.

In the evening Prof.Dr.GySrgy Cssnddi, Academicisn end Pre-
sident of the Branch of Civil Eiéiieerfﬁg Sciences of MTA, Minig-
ter of Transport and Post of the Hungarien People’s Republic,

gave a reception, marking the opening of the Symposium, on behglf
of the Hungerisn Academy of Sciences (MTA)™.

On 16 Jemuary the sessions on subject B) were introduced by
a general lecture of Prof.Dr.Miklds Kozdk. Because of the illness
of Prof.Kozdk the lecture was conveyed by Dr.iiklds Szslay. The
lecture was followed by the introduction of the papers ang the
afternoon session was closed by a general discussion on subject
B). In the evening the Symposium members participated in the
‘theatre performance of "Wedding Feast of Ecser" by the Hungerian
State Folk-Engemble.

On 1; Janus the general lecture on subject 4) wss perform-
ed by Prof. ._g%% Starosolszky. The introduction of the pagers
was followed and e afternoon session was closed by a genersi
discussion. :

At the closi segsion of the Symposium Prof.Ir.Harold J.
Schoemaker performed & lecture on "Past Experiences end ruture
‘rends evelopment of Co-operation between Intermational As-
sociationa Dealing with Water®™. The scientific and professicnsl
results of the 3ymposium were summsrized by Prof.Dr.John i. 3o~
4rdi. The Symposium was formally closed by Prof.Henry Vander-
veld

en .

In the eveming Prof.Imre Dégzen, Secreta of State, gave e
dirmmer in honour of the Symposium participents, on behslf of the
National Water Authority of Hungary (OVH). His toast emphasized
the adventage, necessity and importance of the Intermationmal co-
-operation in both govermmental organizestions snd non-govern=-
mental asgociations or ingtitutions, furthermore it commemorated
with compliments the initiative of the IAHR concerrning the co-
-operation between the internmstional associstions dealing with
water. In their replies Prof.Dr.Taizo Hayashi, Pregident of I:iER
eand Prof.Hen Vandervelden, Secretary General of PIiNC, begides
appreclating %Ee success and results of the Symposium and empna-
gizing the usefulness of the intermstional co-operstion, expres-
ged their hope that the experiences of the Budapest Sympcsiun
would stimulate slso other organizers to call for similar joint
ventures.

In the mornings of 16 and 17 Januery the Sympogium periici-
pants had the opportunity to visit the Hydraulic Laborestory <f
the Institute for Water Management and Hydreulic Engineerinz et
the Budapest University of Technology (BiE-VVI) and that of the
Research Institute for Water Resources Development { 7ITUKI),
respectively.

® Surely all the participants will be shocked by the sorrowlui

news that juat in the time of prepering this volume Profeassr
Csenddi died unexpectedly, causing & grest loss tc the scien-
tific 1life of Hungary.
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On 18 January, in a one-day study tour, the Symposium part-
icipents go acquainted with the Hungarian Icebreaker Flotilla

which held a demonstration with 11 units on the Danube in the Ba-
je region. The demonstration was directed by Mr. Jénos Szenti,

Director of the Lower Danube Valley District Water Authority.

The usefulnesa of the Flotille was proved by the demonstration in
spite of the Danube having no ice cover. After the demonstration

Xr.Perenc Kincses, President of the City Council of Bajam,received
the guests, then on the activity of the Lower Danube Valley Dis-

trict Water Authority lr.Jénos Szenti and on the Hungarien Ice-

breaker Flotilla Yr. Ldszlo Honii, Director of the River Regula-

tion and Gravel Dredging Co., respectively, delivered lectures.

The accompanying persons of the Symposium members partici-
oeted in social and recreational programmes.

The results of the Symposlium may be summarized around two
idegs:

- Wiith regpect to forming the way of thinking,it must be regasrd-
ed very important that experts, investigating the same pheno-~
mena from the view=-points of different social-economic goals,
couald exchsnge their ideas concerming fluvial and ice hydrau-
lics, and navigation. The joint venture summoning experts of
various disciplines offered an excellent opportunity for
achieving compromise between inconsigtent humen needs.

- It follows from the foregoing thet the scientific and profes-
sional outcome of this joint venture contributed, in a wider
light, to the solution of some problems in the control of the
aquatic environment of mankind.

Budapest, February, 1974.

Dr.Kdroly Stelczer CSc.
Chairman, Local Organizing Committee,
'TAHR/PIARC Symposium on River end Ice
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SUBJECTS OF THE SYMPOSIUM

Subject A) RELATIONSHIPS OP PLUVIAL AND ICE HYDRAULICS

The effects of the flow conditions on the ice formetion, drift,
cover development, Jamming and breask-up with special regard to
multipurpose river training and navigation.

Subject B) INTERRELATIONS 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-
atream, considering meteorological forecasting. Problems con-
nected with ice phenomene on canalized rivers of smell slope in-
cluding effects of runoff or peak river power plants. Effect of
natural and artificisl effluents, including cooling water,on the
ice regime of rivers. Ice regime of trained or cansglized rivers
with respect to navigation.

Subject C) EFFECTS OF RUNOFF REGULATION

Effects of runoff regulation, on water, ice snd bed regimes, in
upstresm and downsiream reaches of rivers, caused by natural or
men wmade reservoirs with special regard to navigation.
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PROGRAMME OF THE SYMPOS IUM

Participants’ Programme

Monday, January 14, 1974

10,00 - 20,00 - Welcome of Symposium Members
- Registration of participants

Tuesday, January 15

8,00 - 18,00 - Registration of participants
9,30 - 10,15 - Opening session

10,15 - 10,45 - Break

10,45 - 12,00 - Festive session

"Water Menagement Aspects of Flood-~ and Ice Comn~
trol in Hungery"

Invited speaker Prof.I.Dégen,

Honorary Chairman of the Symposium.

Cinema performance on the sesme subject

12,00 - 14,00 - Break

14,00 - 14,45 = General lecture on Subject C.
Invited speaker Prof.I.Mdtrai,
Member, Local Scientific Committee

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

15,15 = 15,45 = Break

15,45 = 16,30 - Introduction of papers on Subject C by the
authors (continued)s Discussion

16,30 = 18,00 - Discussion (Subject C)

20,00 - 22,00 - General reception offered by the Hungarian
Academy of Sciences

Wednesdey, January 16

9,00 - 9,45 - General lecture om Subject B.
Invited speaker Prof.Dr.M.Kozdk®
Member, Local Scientific Committee

9,45 - 10,15 - Introduction of papers on Subject B by the
guthors.Discussion

10,15 ~ 10,45 - Break

10,45 - 12,00 - Introduction of papers on Subject B by the
authors (continued) .Discugsion

12,00 - 14,00 - Break

14,00 - 15,15 - Introduction of papers on Subject B by the
euthors (continued).Discussion

15,15 = 15,45 - Break

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

% Substituted by Dr.M.Szalay
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9,00 = 12,00 - Alternative programme

20,C0 - 22,00 -

Technical visite to Hydraulic
Laboratories at the

- Institute for Water Management and Hydraulic
Engineering,
Budapest University of Technology (BME) and

- Research Institute for Weter Resources Develop-
ment (VITUKI)

Theatre performance

"#edding Feest of Ecser"™ by the

Hungarian State Folk-ensemble

Thursdey, January 17

2,00 - 9,45 -
9,45 - 10,15 =
10,15 - 10,45 -
i0,45 - 12,00 =
12,00 - 14,00 -
14,00 - 14,30 -
14,30 - 16,00 -
16,00 - 16,30 =
16,30 - 17,30 =~
¢,85 = 12,00 =

19,3¢ = 22,30 -

General lecture on Subject A
Invited spegker Dr.0.Starosolszky,
Secretary, Local Scientific Committee
Introduction of papers on Subject A by the
authorse Discussion
Break ’
Introduction of papers on Subject A by the
authors (continued). Discussion
Break
Introduction of papers on Subject A by the
authors (continued). Discussion
Discussion (Subject 4).
Breask
Closing session
"Conclusions Gained on the General Lectures,
Papers and Discussions; Current and Puture
Trends of Hydraulic Research on Rivers and Ice
with Specisl Regard to Navigation™. Invited
spesker Prof.Dr.J.L.Bogdrdi, Chairman, Local
Scientific Committee
"Pagt Experiences with Future Horizons for Co=-
-operation between Intermational Associations
Dealing with Water.” Invited speaker Prof.H.J.
Schoemsker, Member, International Homorary Com—
mittee i
Alternative programme
Technicel visits to Hydraulic
Laboratories at the
- Institute for Water Management and Hydraulic
Engineering,
Budepest University of Technology (BME) and
- Regearch Imstitute for Water Resources Develop-
ment (VITOKI)
Banquet offered by the National Water Authority
of Hungary
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Friday, January
7,00 -

21,00 -

18

Departure from Budapest for Baja

Introduction of the 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 filelds of
flood control, river training, ice problems and
navigation at the Baja City Hall.

Host Mr F.Kincses, President, Beja Municipal
Council,

Invited speakers Mr J.Szenti and Mr L.Honfi,
Members, Liocal Sponsoring Committee

Arrival in Budapest

ladies’ Programme

Tuesday, Jenuary 15, 1974

9,30 - 11,30 -
11,30 - 14,30 -
14,30 - 17,30 =
20,00 - 22,00 -

Vednesday, Janu
9,30 - 11,30 -
11,30 = 14,30 =

14,30 = 17,30 =
20,00 - 22,00 =

Thursday, Janua

9,30 - 11,30 =
11,30 - 14,30 =

Vigit to the Castle Hill in Budapest

Bresk :
Vieit to the Buda Royal Cestle iuseunm
General Reception offered by the Hungarisn
Academy of Sclences

sry 16

Excurgion to the Buda Hills, refreshment at the
Hotel Virds Csillag

Break

Cooking show at Hotel Budapest

Theatre performance

"W¥edding Feest of Bcser™ by the Hungarian State
Folkensemble

ry 17

Vigsit to the National Gallery, Budapest
Break

14,30 = 17,30 = ¥Welk in the downtown eres of Budapest

19,30 - 22,30 -

Fridey, January

Banquet offered by the Nationel #eter Authority
of Hungary

18
Common programme with the participants’
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POSTPRINTS

On the following pages the material of the session discus-
sions 1is repro@uced on the basls of tape recordings and submit-
ted written notes. In some cases when the tape recording wes in-
terrupted end also the discusser did not submit any written ma-
terisl, this interruption 1is marked by (......). The reader and
the discussers concerned are asked to pardon kindly the organi-
zers for this deficlency. These postprints tontain some papers,
too, which attained the local Organizing Committee too late to
be included into the Preprints voluméa. They are{found et the
end of the related Session discussions.

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







OPENING SESSION

9:30 g.m. January 15, 1974

. J.L.Bogdrdi, Chairman
I.Dégen, G.FPekete, T.Hayashi,
H.J.Schoemaker and
H.Vandervelden, Members

J.L.Bogdrdi, Chairman:

Ladies and Gentlemen!
Distinguished Participents of the Symposium on River and 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 Session of the Symposium on River and
Ice, organized Jointly by the Intermational Association for Hy-
draulic Research and by the Permanent International Association
of Navigation Congresses. Personally I myself, as citizen of the
host country, feel very much honoured by your interest which is
demonstrated by the large number of the sudience.

It is my pleasure to greet first His Excellency Professor
Dégen, Secretary of State, President of the National Water Au-~
thority who is representing the Hungerian People’s Republic. I
gladly greet with respect Professor Taize Hayashi, President of
TAHR, Professor Harold Schoemaker, Secretary-Treasurer of IAHR
and Profesaor Henry Vandervelden, Secretary General of PIANC re-
pregenting the sponsoring internatiomal associations of this
Symposium. Finally ellow me to greet also Dr.Gydrgy Fekete,Direc-
tor of the Secretariat for the International Danube Commission
and the members of the Intermational Honorary Committee as well
as all council members of both internstional associations who
have been able to participate in this Symposium. Last but not
least sllow me to greet also you, Ladies and Gentlemen, our deear
guests, participants of the Symposium on River end Ice with Spe-
cial Regard to Navigation.

Ladies and Gentlemen,

I am convinced that this joint venture of these two famous
and well known internmetional organizations will prove to be an
important step in the co-operation end co-ordination between the
various non-governmental intermationel organizations dealing
with water in various aspects and working in various disciplines.

I should also like to hope that this three dsy Symposium
will have successful results not only from the point of view of
science and engineering but also in better understanding ewoag
the peoples of various nations and so it is not hopeless to pre-
dict that ~ earlier or later - peace will govera all over the
world. I wish so, I hope so.
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Ladies and Gentlemsn,

I wish you & successful work in the Symposium, & pleasant
stay in Budepest snd with these thoughte in my mind allow me to
declare the Symposium opened. Thenk you.

Now, may I invite Prof.Hayashi, President of the IAHR to
take the floor amd to sddress us. Prof.Hayashi!

T.Hayashi: Thenk you Mr, Chairmen!

Mr.President, of the National Water authority of Hungary,
¥r.Cneirman, Distinguished Guests, Membe_ a of the Symposium on
River and Ice, Ladies end Gentlemen!

It is my privilege to greet you on behalf of the Interna-
tional Association for Hydraulic Research which I represent here,
Pirst of all, 1 should like to express our deep gratitude to our
nests - The Hungariaen Academy of Sciences and The National Water
Authority of Hungary - for their grecious invitetion, end the
Symposium committees for the great effort which they have made
Tor the preparation of this Symposium. The arrsngements as evi-
denced thus far are outstanding.

It is very gratifying that this Symposium is organized joint-
ly by the Sectiomns for Pluvial Hydraulics esnd for Ice Problems of
the Intermational Associastion for Hydreulic Research and the Sec-
tion for Inland Navigation of the Permsnent Intermationasl Asso-
ciastion of Navigation Congresses.

Since I think that some of you may not know so well about
the IAHR as sbout the PIANC, let me give a brief explsmation of
the 2ims and activities of the IAHR and slso our old amd close
relations with the PIANC.

The IAHR wes stablished in 1935 as the TAHSR - The Intermas=-
tional Association for Hydraulic Structures Research - with the
ourpose of intermstional co-operation of the engineers and
scientists interested in hydrauliec research.

tnd this took place on the occasion of the 16th Congress of
PIANC held in Brussels, in which 66 participants specialized in
hydreulic research felt necessary to meke a forum for their owm
soecialization. Later, 1ts nesme was changed to the present name,
International Association for Hydrasulic Resesrch by deleting the
vord "Structures™ esnd the objectives. of the Association were
stated as "to stimulste and promote hydraulic research, both
besic end applied, in 8ll aspects"., The TAHR is au association
of individuals and of groups of individuals, and it has now some
1960 individusl members and some 260 corporste members from 81
ferent countries of the world. A recemt concern of the IAHR
ig fluid mechanics in the problems of water environment, and the
*sgocigtion conducted its last two congresses on the general
themes relevent to water environment. Its nmext congress, i.e.the
16th Congress, which will be held in Sso Paolo in summer next
yeer, will also be conducted on s general theme pertsining to
the water sciences useful to the menagement of the water en-
vircoment. Keeping physics snd ftechnology as 1ts base of com-
setence, the IAHI is eager to heve co-operation with other ine
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ternational essociations 1Interested in water problems. With ree
spect to river mechanics, the IAHR had the great plessure of or-
genizing a symposium jointly with the Intermational Association
of Hydrological Sciences about a year ago in Bangkok. And todey
we are very happy to be eble to organize this symposium 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 meetings
like this between our Associations from now on.

I am speaking on behalf of the IAHR and in this context may
I express my hope that hydraulic resesrch may have great inspira-
tions from the collegues who expect useful results of our work.

Mr.Chairman, I thank you very much for the opportunity given
to me to address at the opening session of this Symposium which
you and your committee have laboured.

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

Mey I now invite Prof.Vandervelden, Secretery Genersl of
PIANC to take the floor.

H.W.J.Vendervelden: Mr.Chairman! His Excellency Prof. Dégen,
Secretary of State, Ladies and Gentlemen!

It was with great pleasure that the Permanent Intermstionel
Commission of the Permanent International Association of Nesviga-
tion Congresses, on behalf of which I have the honour of asddress-
ing this assembly, accepted to sponsor this Symposium jointly
with the Intermstional Association of Hydraulic Research.

Speaking for the President of PIANC, Professor G.Willems,un-
fortunately unsble to be with us today, it is my privilege to
congratulate the organizers for their initistive to hold this
Symposium on "River end Ice" under the auspices of the Hungarian
Acedemy of Sciences end of the Nationel Water Authority of Hun-
gary snd to wish them every success in this undertaking. However,
with personalities such as Professor Dégen, Secretary of Stste,
President of the National Water Authority of Hungary and Profes-
aor Dr.Bogérdi, Chair of Hydraulic Structures, Budepest Univer-
sity of Technology, among the leading officials of this Symposi-
um - this success is guaranteed beforehand.

For the lest ten years or so PIANC has endavoured to stimu-
late closer collaboration between technical internationasl organ-
izations pursuing kindred objects. The first signs of such colle-
boration came to light on the occasion of our 20th Congress,held
in Baltimore, USA, in 1961.. It took a more concrete form at our
21st Congress (Stockholm, 1965), when so-called "sister" asso-
cilations were asked to furnish technical papers on subjects of
the officiel progrem and were invited to send an observer to the
Congress itself. This practice has been continued with satis-
factory results at subsequent congresses.

This collaboration is not confined to our congresses which,
as you kmow, only take plaece svery fourth year. We have algo ap~
plied this principle to our international Study Commissions.
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These are sat up to examine topical problems requiring more time
than the few hours eveilsble at a Congress.

A few sister associations are generally invited to cooperate
in the work of these Commissions in order to comcentrate efforts
and thus obtain the best possible results.

In this connection I would like to pay tribute to Professor
Schoemaker of the Delft University of Technology, the devoted
Secretary General of the Internmetiomal Association of Hydraulic
Research, who took the initiative to contact me over s year ago
regaerding the sponsorship of this Symposium. He kmew very well
that his suggestion, would be echoed favourably, eince he was a=-
ware of PIANC'’s longstending wish for collaborstion end avoidance
of duplication.

I might add here that more recently, Professor Schoemaker
has initiated colleboration in yet another field of activity:that
of water resources development. The aim is to form a group of wa=-
ter-oriented international non-governmentsl organizations who
would strengthen their cooperationm in all techmnicel problems de-
riving from the use of water in order to avoid both the dispersal
>f efforte and the overlapping of activities. A meeting of four
such organizations was held in Istanbul last September. They de-
cided, inter alis, to set up a centrsl body (or President Coun-
cil) composed of delegastions of each participating organization.

As far ss PIANC is concermed, its governing body, the Per-
menent Intermstional Commission, has not yet been ascquainted
with this pew proposed collaboration; there is, however, no doubt
that it will be favourably asccepted st the next General Assembly,
in June.

On behglf of the Permanent Intermational Association of Nav-
igation Congresses I express most sincere wigshes for e fruitful
end in every way successaful Symposium. May the discussions be be=
neficial to all the participants snd mey further progress be a-
chieved in the field of scientific research, thus contributing to
improve the welfare of mankind.

Chairman: We have been deeply impressed by the kind friendly
words of Prof.Venderveldem, which testified the thorough under=
stending of the problems to be discussed. Thank you Prof. Vander=
velden!

How I should like to invite Dr.PFekete, Director of the Sec=-
retariat for the Intermational Denube Commission, to take the
floor.

Gy.Fekete: Mr.Chairman! Honourable Secretary of State!
Ladies and Gentlemen!

Pirst of sll let me greet you not only on my part but also
on behalf of the Dsnube Commigsionm om the occesion of the begin-
ning of this Symposium.

Por us, the representatives of the Danube Commission, it is
& great honour to participate in the work of such s high-level
scientific plenum.

Scientists coming from all parts of the world have gathered
here to discuss the important probleme connected with the rela-
~ tionships of fluvial end ice hydraulics end the effects of run-
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off regulstion with special regerd to navigation. These problems
have much in common with the tasks of the Danube Commission.

As 1t is known, the sphere of activity of the Commission
covera particularly the establishing of the plans of the besic
works on the Danube as well as the coordination of the hydrome-
teorological service om the Danube for navigetion purposes.

It is, of course, impossible to solvs thess problems without
sclentific fundementel basis, but the main task is to sum up the
results of scientific research in the pertinent field.

Danublan countries performed importent work within the frames
of the Damube Commission. The Commission has established the basic
plana.

To this end the Commission sdopted recommendetions concern-
ing the esteblishment of a uniform method for the determination
of the nevigation end regulatiom level on the Danube, it has =lso
elaboreted ard sdopted recommendations on the establishment of
the parsmeters of the navigable chennmel, of hydrotechnical and
other structures. The Commission edited two voluminous publice-
tions, as report, on the ice regime of the Danube.

The record on the shallows is published smmually. The longi-
tudinal river profile for the stretch of the Danube from Ulm 3o
Sulina, i.e. over that felling into the competency of the Commis-
sion, was published.

In order, to coordinste the activity of the hydrometeorolog-
ical stations of the Danube countries, the commission adopted re-
commendations relating to the co-ordination of the hydrometeoro-
logical services om the Denube, which contein in particular the
description of unified methods of the observation and processing
of data. In order to unify the data relating to runoff slong the
entire length of the Denube, the Commission sdopted recommenda-
tions as regards the necessary measures to be tsken for making
the data of the discharge percise. Hydrologicel Yearbooks are
publighed regularly,and besides this, at ten yesr intervals hy=-
drological reference books concerning the Denube gre edited.

The Commission synthesizee the experiences obteined by the
riperian countries ss regards hydrological forecassts and is en=-
gaged in studying the possibilities of their improvement.

Ledies amnd Gentlemen,

I am convinced that .the resulits of this Symposium will con-
tribute even more to the efficlent realization of practical works
aiming at meeting the demands of nasvigstion.-

In conclusion, may I assure you that we shall follow the
preceedings of the present symposium with the greatest sttention
and shall do our best to utilize ss much as possible the results
to be obtained for the benefit of ensuring sn even more efficient
navigation on the Denube.,

I wish every success in the work of the Symposium.

Thank you for your attention. Thank you very much, lr.Chair-

man!

- And now may I give to you the Great Medal of the Danube Com-
miseion which was issued at the 25th snniversary last year.
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I would ask our Chairmen, Prof.Bogédrdi to accept frow me in the
name of the Secretariat of the Danube Commission the Great Medal
of the Danube Commission. Thank you!

Chairmen: Thank you. And I should like to thank my friend,
Director Fekete for his address which we highly appreciated. And
of course, many thanks for this nice present. And now I should
like to call to the floor Professor Zvorykin,to read the message
of Professor Sklsdnev who unfortunately is not able to partici-
pate in our Symposium. Prof.Zvorykinl

E.A.Zvorykin: Mr.Cheirmen! Laedies and Gentlemen!

Pregident of the Soviet Committee of IAHR Prof.Skladnev un-
fortunately cannot be present at our Symposium. Let me read the
brief message of Prof.Skladnev.

"Mr.Chairmen! Dear Colleasgues, Ladies and Gentlemen!

On behalf of the IAHR Soviet National Committee and myself
I have the plessure of welcoming the participants of the Sympo-
sium on River and Ice.

I am glad that the final decision of arranging this Sympo-
sium snd its current subjects was taken at the 2nd Intermational
Ice Symposium held in Leningrad in 1972.

Our Hungarisn Colleagues took advantage of the experience of
Soviet scientists in organizing this Symposium. I wish mogt cor-
diglly to 8ll participents of the Symposium River and Ice a
sreat success in this "cold" but very important and interesting
branch of science.

Unfortunately, winter ice conditions prevented some of my
colleagues from coming to the Symposium. But I trust their co-
-workers who are present here will excellently cope with the
duties entrusted. I wish you every success in your sctivities.

M.Skladnev, President of the IAHR Soviet National Commitee™.
Chgirmen: Thank you Professor ZvorykinlAnd may I ask you to

extend our best regards to Professor Skladnev. We regret very
much that he 1a not able to participate.

Ladiea end Gentlemen, now we shall have a break and the
Festive Session will be opened at 10:45. Thank you.
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TIV ES S

10.45 a.m. January 15, 1974

T.Hayashi, Chairman,
J.L.Bogdrdi, G.Fekete,
H.J .Schoemaker and
H.Vendervelden, Members
I.Dégen, Invited Speaker

(The opening address of Prof.I.Dégen, Secretary of State, 13
published in the lst preprints volume.)







9:00 a.m. Jamuary 17, 1974

L.A.Zolotov, Chairman
w. » Co=Chsirmen
0.8tarosolszky, Invited Speaker

Idin nd Gentlemen! I em Zolotov
m on Subject 4. The
of Pluviel and Ice
ey i‘n.n""f“?".ﬁi'ﬁ;
cover develo 8
o mﬂm !

16 e my co=-chairmen Dr.Wol-
+» Professor ) ientific edviser of the
hsu-auﬁ.u and nfmn ilan entre, and Professor Dr.
n stmnohlhr who u our invited speaker.
Dr.Starosclszky, I esk you to present your report.

0.Starosolszky: Thenk you Mr.Chairwen! Ladies end Gentlemen!
Distinguished Participants of the Symposium on River end

xmlvmmwmn:n-mmvtm-eo de-
lscture interrela

el

e«m tions between fluvial

mum vvcm:ngu-uu ice

m:-&-ﬁwm “recent results give a gen-~

mwummumumavmmmum.pnno-

mena, to visualize the future problems to be solved and finally

to put the pspers submitted in our Symposium to Subject A in a
common framework.

that

« From these the ronmm omluim can be arrived at:

1. lv adequate information on ice hydraulics cen be obtained
+ informstion on chammel morphol and fluvisl hydrsulics
these latter representing boundery conditions to ice phenomena.

2. No ice control messures cen be devised unless the hydrau-
lics of ice nd rimr are teunx understood.

These conc oiunl end in my lecture I
thmh’a it to bo t-pcrhm to upiua, e them speciglly.
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The foundation of modern fluvial hydraulics was around the
middle of the last century by famous French hydrsuliclans. Ac=-
curate observetions end the use of models have reach%nowadsys fsr
enough to predict the flow of water in streambeds with a fair
degree of religbility. Provided that the initial and boundary
conditions are known. In glluvial channels where these boundary
conditions are gubject to varistions the solutions considered
otherwise accurate appear approximations only. Concerning the
complete description of sediment transport and the influence
thereof on the channel and in term of the flow itself the pre-
gent methods however adverced they may appear contain a number of
uncertainties. It is for tnis reagon that fluvial hydraulics in
gpite of the exact mathematical models remains a rather empirical
science gnd the majority of engineers engeged in this field leaves
reliance rather on sctual field experlments then on the applica-
tion of advanced theories.

Thig statement may be discussed. And I hope that my distin-
gulshed friend Dr.deVries, Secretary of the Fluvial Committee will
discuss in this respect. Ice hydraulics which deals with the tra-
vel of 1ce and thus with kinetic ice phenomena has not yet attain-
ed this stege. Certain physical similarities have been recognized
beiween the movement of ice and sediment but the development of a
gcientific approach based on the mechanics of fluids and of solid
bodies and does not exlugively on experiences associated on the
gctivities and events of the internationsl associations on hy-
draulic regearch. Seversl congresses and seminsrs contribute
gzreatly to this development as a result of which we can speak of
ice hydraulics at ell. It is loglcal that sdvances in river hy=-
dreulics promote the evolution of ice hydrsulics as well. & brief
review should illustrate this stestement.

In the field of fluvisl hydraulice a considerable develop-
ment has taken place in recent years. Let me refer only to a few
of them. The dirfferential equations describing unsteady heat-flow
phenomens became accesaible to solution, although mostly with en
approximative character only, with the help of advanced computa=
tlonsl techniques and high speed computers. A% the same time it
was experienced thaet the volume snd accuracy of basic data avaeil-
sble failed to meet the requirements of advenced ccomputer techni=-
ques.

Another conclusion: advences in computation techniques offer
the possibility for more accurately anmalyzing the effects of hu-
man interference (reservoirs, dems, river barrages, diversions,
discharges etc.) on flow and regime conditiona in natural allu-
viel chennelg. Although the asdvancement was not as spectacular
than in the former csse, nevertheleas it opened the way for de=
scribing more sccurately than before three-dimensionel flow phe-~
nomena, the importence of secondary currents in the highly mnon-
-tniforz river channels, that wes fully appreciated yet allowence

them could be made just as in the csse of frictional resist-
ence at the cost of rather crude epproximastions and simplifica=-
tions conly. Development in instrumentation, especially the intro-
duction of flow direction meters, can be regarded as new tools in
this respect. In tne observation of pulsation and of different
ettached phenomena the introduction of laser~techniques and ad-
vanced recording related have resulted in considerable improve=-
ments especially where no more than the macro effects of the pro=-

36 Subject 4A



cess that means the complete evolution of mixing +ass of interest.
The sclentific advancement in fluvial 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 1s still alot of parameters for the
theoretical solutions and it is virtuelly impossible to check
theoreticel results sgainst fleld obgervation data. In fact, the
unsteady veriation of flow 1s mostly accompanied by unstesdy ice-
-motion. Of course, a phenomenon in ice movement may be unateady
even if the flow itself is ateady since the formation and melting
of ice are themselves unsteady - phenomena. Concerning the effects
of hydrotechnical structures on ice phencmena additionsl vari-
ables must be introduced or certain simplifying assumptions lose
thelr validity.

Concerning the influence of three-dimensiocnal flow condi-
tions on ice phenomena the relationships available are sgain of a
qualitative cheracter only. In that the pattern of the gtreamlines
on the surface are virtually traced by following the movement of
the ice floes that flow usually on the surface. Nevertheless, ice
drift would be more reliable to forecast if information were
available on three-dimensional velocity distribution. Better un-
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 snd frazil ice. In this domain ap=
pears the possibility of transplenting the results of research
conducted on account of pollution contrel, turbulence snd this
possibility should be utilized. This seems to sfford the only
means for estimating the impact cooling water discharges cn +the
ice regime in rivers. Which problems have been mentioned yester-
day and before yesterdey maeny times. The few examples are believ-
ed to demonstrate the necessity of a parallel development 1Iin
fluvial and ice hydraulics. The practical benefits of theoretical
advancement may accrue emong others to navigation. This can be
illustrated by the following examples.

As a congequence of the growing number of cooling water dis-
cherges the thermal pollution in the recipients and thus the
average temperature of water inm them is also increased, especial-
ly in industrially developed countries. In the winter season this
rise in temperature has an influence on ice formation and con-
sequently on the length of the navigation season. Ice formation
may be restricted to much shorter periods of the year. But it wmay
also extend to much longer periods. The length of the river reach
affected is of fundamental importance. The question is obvioualy
of economic interest; the ice is removed from a longer distance.
The appearance of ice on longer reaches may make the removal of
the presumably thin ice cover over the intermediste reaches by
ice breakers economically attractive. Advances in the theory of
unsteady flow and ice movement may lead to a program of runoff
control whereby navigation caen be prolonged for an extended peri-
od. Besides releasing relatively warmer water from reservoirs re-
ference is made here to the possibility of breaking up the ice
cover by artificial flood-weves especially before the advent of
melting when conditions otherwise are favourable.

After this introduction let me summarize tue main problems
of ice hydraulics.
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{The wain part of Dr.Starosolszky’s lecture has been published in
the 2nd Preprints volume.)

Ladies and Gentlemen! Before finishing my lecture I went to
emphasize the complex character of future research. Relationships.
of genersl validity canmot be expected unless fundamentsl rela=-
tiona of matural sciences sre¢ adopted ss a starting basis. Local
observetions must be extended to simulianmecus measursments of ell
relevant factorse inmvolved. More astudies should be performed on
the tesis of fundementel reletions and on comditioms correspond-
o local observetiona. The mathemstical models formulated can
be sclved under verious initisl and boundary conditions. The val-
idity of the reletionships assumed is verified by field observa-
tions. Therefore organized research activity is required in which
earlier observaetion date ere used in combinstion with accurate
ybgervations performed in their msjority with fthe help of new ad-
venced methods end equipment from which some have been introduced

yesterday.

e
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Finally let me express my hope that this complex way of in-
vestigation may be performed in a framework of am intermationel
ooseration. Thank you very much for your kind attention!

Chairman: Thenk you very much, Dr.Starcsolszky for your very
interesting report., Now we shall discuss the papers.

There are 1] papers connected to Subject A. How all these
cepers ere open to discussiom. Let me begin our discussion with
faper A2. "The Mechenics of River Jce Jams" by Dr.Kemmedy and
Jr.Uzuner. Dr.Kennedy, you are welcome.

J.F.Kennedy: Thank you, Mr.Chsirman! The work I sm going +to
report today 18 serving as a subject to the doctorasl thesis of
cne of our graduste students, Mr.Uzuner, my co-author. His Master’s
caper resulted in & work on ice end it was presented in our last
zonference in Leningrad. And now he is continuing his work on
tois subject. His home is Turkey so I predict he will be s lead=
inr suthority on ice problems when he returns home.

The subject of ice jems is & very complex ome involving =~
zs it does -~ most of the aspects that emter inte river ice prob-
lems, including the hydraulics of the flow under ice, strength of
the ice, transport of the ice and the production and melting of
ice. This is perhaps that makes ice jems the very interesting and
trocublegome problem that they ere.

If I could have the lights down please! And turm to the
slides. Thenk you!

Let me begin by noting that ice jems heve attanded artistic
attention during pest years es we see this in the painting by
Lionet called "Bresking of the Ice". However, when one looks at e
real ice jem it loses some of its artistic attrectiveness and
vecomes g somewhat more frightening phenomenon. This is a photo-
graph mede by the Corps of Engineers from the 196 ice=jam in the
vicinity of Quab City between Iowa and Illinois. The flood pro-
duced by this ice jsm was one of the greatest experienced in re-
cent years in the Upper-liississippi River and produced tremendous
demage. when one looks more closely to the surface of agn ice=jaem
- 83 you can see -~ you find s real mess. I think if one wants to
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do theoretical work on ice-jems perheps you should never go out
and look st an ice-jem. You become so discouraged that you might
give up right at thaet time. I am glways elso s little stertled
end pugzzled by the smount of junk and trash accumulated on ice-
jams. You will find barrels, old doors of cers, ell matter of
iresh and I just do not understand where does this come from? But
it seems inveriably to be present. This agein is the ice sccumu-
lation on the Mississippi River in Iowe and Illinois. #hen one
is feced with e difficult natursl phemomensn it is elways & good
ides to look at it in the laboratory and we have done this in the
laboratory flume at Iowa using simple paraffin blocks thet ghow
some of the cheracteristics of ice jams., This is & photograph
made through the side glass wall of & flume with the flow from
left to right. The features of the ice sccumulstion show general
thickening from the upstreem end., The ice spparently thickens
until its strength et any point is great enough to support the
loed supply from the upstresm end. These loads will be discussed
in more deteil later but consist of the impact of the flow end
ice against the upstrsam end, the shear stress on the bottom of
the ice cover, the compoment of the weight in the direction of
the flow that is the gravity exerted on the ice and on the water
that it contains. One slso frequently observes in this modelized
jems st least the phenomenon that Dr.S8tarusolszky aspcke of, that
is the transport of the individual particles om the underside of
the ice cover. Eventuelly though, one does achieve s more or less
equilibrium thickness at some distance dowmstream from the lead=-
ing end of the ice jam end at this point the forces exerted on a
unit lemgth of the ice jam, that 1s the weight of the ice end the
water it conteins - plus the sheer stress on the bottom -, are
just bslanced by the shear exerted on the ice jam by the walls of
the flume or by the benks of & river. Thst is to ssy, the net re-
gisting force due to the normal stress in the jam is consfent be-
cause of the uniform thickness.

Let us now look at & still more ideelized situation and stsrt
to consider the framework to the enalysis thet will be developed.
How today I am going to describe an analysis that is somewhat
different from the one presemted in the preprints. The preprint
was prepared almost a yeer ego aund since that time we have made
considerable sdditionel progress so I will describe to you the
present etatus of this research. It is still continuing but near-
ing completion.

The flow approachee the upstresm end of the ice jam and be=-
cause of the presence of the ice jam there is of course sn in-
crease in the water surface, that is the additional resistance
offered by the presence of the ice cover cesuses the flow to deep=-
en, Consequently, one has upstream of the ice jam the formation
of s backwater region. Now, with the arrival of more ice to tue
upstream end the ice cover will propagate the upstreasm direc~
tion, that ie the leading edge will move upstream. The notation
used in the slide, I believe, is international due to Dr.Staro-
golazky’'s terms. The equilibrium thicknmess snd the equilibrium
depth of flow under the ice are noted by t, end hg, regpectively.

B end hx ere the thickness and depth of flow upstream from the

point where the jam achieved its equilibrium conditicns. How_just
to give a general overview, Uzuner has succeeded now in solving
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the unsteady ice-jam sccumulation problem for the situastion in
which the equilibrium conditions have been reached et some down-
stream point. And ther 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 18 propagating in the upstreasm direction. Let us now look at
some of the forces 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 = 1is
the static equilibrium of an element taken from the ice cover.
Now keep in mind, that in this analysis we will treat the force
balence in the ice cover as static, but we will treat the un=
steady dynamic equations of the water flow under the ice. How
what are the forces acting on the elementary control volume that
we see. This is a parallel pipehead section cut from the ice jam
and extending over the whole depth. You car see the water surface
noted by these small nabla and the forces acting are the follow=-
ing: :

First of all 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 Cfx, acting

on the upstream end and the balance will be made by the normsal
stress on the downstream end plus the additional normal <force
elong the length on the side of the ice jam. And if you extend
the size you will find the banks of the stream eventually. There
are the shear stresses T acting. Finally at the bottom of the

ice cover there 1s the shear stress exerted by the turbulent flow
of water beneath the stream. You might also note the coordinates
used - the most importent one being X in the downstream direc-
tion. Now before we can begin to solve the problem you obtain the
thickness T as a function of length along the stream. We must
first express the stresses (Sx and T somehow in terms of the
thickness. This is a particularly puzzling problem, one which we
will consider later. But I want to refer now to the lower figure
just to get the background of what you will see later. In a frag-
mented ice cover the normal - I should say the vertical normal
stress 6'2 is distributed in the triengular form that you see 1il-
lustrated. Now this 1s the effectlve interparticle stress between
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 U_.._, we have related their fa{}ure values or maxi-

mum values to this applied normal stress Gfi and have used the

average value of it. Stated in other way we can say that the max~
imum value of the normal shear stress Gy 18 proportional to the

mean value G =. Similarly, the meximum or failure value of ¥

is equal to a cohesive intercept or constant cohesion plus a con=-
stant times G 7+ The motlvation for doing this stems from the

fact that the whole ensemble 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 stream ice forces or shear forces can
be releaved by expansion and the consequent reletive motion of
the ice fragments, an expansion in the Z direction.

Well, let me now simply summarize the equstions that enter
into the problem. And I won’t go into the details of the solu-
tion. Pirst of all there is the force equilibrium of the ice cov-
er which is - I told you before - considered as static.That simo=
ly says the change along the length of the normal fortes nlus the
change caused by the shear stress minus the shesr stress apslied by
the flow 13 equal to the weight of the ice. As we just discussed,
the longitudinal normel stress G.x is assumed to be proportional

to the average vertical stress G = resulting in Zqg.2. And this
follows directly from the hydroatgtic relations. Similsrly, the
shear stress Tx ig expressed as - first of all it is assumed to

be, or ghown to be - linearly distributed across the channel. It
ig clesar - I think - that the shear stress E}y mugt be zero in

the channel’s centerline snd then 1t 1s distributed lineerly sc-
rogs the channel agnd to show this you meke an snaslysis very simi-
lar to thet you might show that the shear stress in en open chan-
nel flow or uniform pipe-flow ig linesrly dissributed. But the
maximum sheer stress itself T is taken to be equal to e cohe=

give intercept (......) dynemicael boundary conditions simply says
that at the leading edge of the ice cover ch times t that is tie
strength of the ice cover must be equal to the force suoplied

the momentum of the oncoming ice blocks. And motice that we are
now in effect using & moving coordinate aystem beceuse Ve surface

velocity of the ice particles is increased by the emount of Vo

which is the velocity with which the upstreem into the ice cover
is progressing. And finelly from simple kinemetics one cen derive
Eq.9 which gives a velocity with which the ice cover moves. ell,
one takes this system of equations not too bed to solve you ren-

2
idly cen get an equation for just t from %TE which erises in Eq.b6.

v
can be expressed from Eq.l. with the other quentities and
a system of equations which aere readily solved., Now, the
tion proceeds from the downstresm end that is from the p ;
we have equilibrium conditions or some other specified values for
t_ and h in the upstreem direction. Now one cgn also derive

straight away expressions for the equilibrium thickmess s

wol

you

; D . : 3 T
dropping the :3?-terms in the force equetion for the ice end in
the momentum equetion for the fluld end you get the ber expres-
sions for ©  end h_ . Wow when you stert to Ilntegrefe The= eque-

the cgse of
equilibrium conditions. These ere circumvented by taking
derivatives making substitution end then it is very sirsighs
ward to solve.

Now the results: I went to give you here some typi
ples. This 1s the normalized thicknesgs of the ic2 jem
upstream end versus distance slong the ice jem. And of
this is a function of the primaries which srise in th
notably the glope of the stresm, friction fector for
side of the ice cover, anq the porosity.

tions you run into some mathematical difficulties
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Given a strength ome can calculate from the m ons quite
;..1} cﬁmomﬁum&ntcaﬁonﬂg’h f:-tthc
ce jem ting E-MWM £lood we moy—
ing u td mﬁ' mhythorml hoins
generated.

How let me turm to this question of evalusting these stress
coefficients. We have undertaken some subsidiary resesrch progrem
mwhuhnm:ttzstm to determine the normal end shesr
strength of fragmen ice covers. This work was being done in
the low temperature room of ﬂu!h:hmit,o!lu--dwmu-
ing this ice force facility which I mentioned And in
these experiments we place fragmented ice of rmdﬂ.r c
dimensions, this is surfece (..... ice in the tank to
sired thickness. The ahnw sheet
the motorized cerriage is then moved into the ice jem to ¢
it until it fails. The plate is mounted on a dynamometer
get out of this & record of displacement dul 2mv. llld these ex-
periments have been made with different sizmes of ice, differsnt
ice thicknesses and different carriage speeds. The ﬁ:ut set of
results showed the dependence of this quantity gx normal strength

coefficient on the carriage nlocit;y. sea that the
strength of the ice is also sirongly on the carriage
velocity. These velocities w -E‘trm ahout 0.01 sd- to 0.1 eI/l.
4nd this is ome of the most difficult espects. The second ug:c
thet is difficult is the fact thet for s given speed there

such wide variebility of k . And this is illustrated in the slide
that shows the results for the comstant velocity noted here. Now,
we see that even for the conatant velocity for arent ice
sizes there is a special case for k, end we think that this is
due to an unadequacy in our anslytical fremework for or is due
instead to just the fact that for the same conditioms veries
widely. Ve have made similar ta to evaluate the sheer
strength which represented in case by £ - a shear force and
you csn see the str dependence on the velocity, with the nor-
malized velocity on the horizontal scsle but wi -anh less scat~
ter and there is this int relation that the

normaslized
shear gtrength seems to - 't the normelized velocity is pract-
ically constant.

But the fact that the strength coefficient depends so strong
on the ice is certsinly a troublesome feature.

This is for the program ho' it now stands; I believe the .
general .n-lﬂiul framework for the ice jam is relative complete

but the reme i.u?-orktoboﬁ.nhhodh quantification of this
strength coefficients of the ice. Which are of cemtral importance
to the formulation of ice jem mechanica. Thank you!

g_?*;?m Thenk you Dr.Kenmedy! Are there questions or
comments? Concerning z:.l-mody 's :opurt? e

o é name is Rouvé from the University of Aschen,Ger-
%n?to ask Mr.Kemmedy whether the ch::r stress :I.; not

a rmtian of tiwe? If laced your pntamﬂd ice blocks
in the flume and you atm :oﬂng the carriege wi ﬁyn::o-
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meter I would expect that it depénda very much on time. I would
like to know if you obtained some experiences in this respect?

J.F.Kennedy: Yes, this is quite right. As the ice is gitting
in an undisturbed way for a time this cohesive term becomes pre-
dominant one. And for ice at very low velocities the cohesion ig
much=much greater than the granular friction. Whereas when the
ice is disturbed and then you move it fast the cohesion term 1is
practically zero. But I think this velocity dependence iz con-
nected with this cohesion. If you are loading the ice very slow=-
ly first of all the individual particles are being pressged to=
gether and secondly they have time to stick together. And I think
thig is the origin of this velocity dependence. But you are quite
right. After the ice sets even a short time the initially frag-
mented cover becomes more the matrix of or post medium ice, it is
no longer fragmented ice.

A.P.Largen: I em Larsen from Sweden. You have developed ean
equation oz ice cover thickness varying with distance downstream
and you get t ss a constant over the width of the channel. WNow
the shear stress is increasing from zero at the centerline of the
channel to g meximum at the banks. So one would expect the equi-
librium ice thickmess to increase towards the banks.

Dr.Kennedy would you please elsborate a little this.
Thank you!

J.F.Kennedy: One must distinguish in this cese between the
shear stress 5e¥ng experienced by the ice at any point, the act~
uel shear stresa in the cover end the failure sheer stress. And
according to this model feilure shear stress occurs at the banks.
That is the meximum velue that cen occur. And this is this mexi-
mum or failure value of shear stress or shear strength that is
related to the thicimess. And then the shear strength is reducing
from this value across the channel to become zero at the center-
line. So this makes the distinction between the shear stress at
any point and the shear strength of the ice. Did I make this
clear?

Cheirman: Thank you Dr.Kennedy. Now I declare a breek about
one half of an hour. The second part of our session will star: at
11 sharp. Thank you!

Chairmen: Let us continue our discussion. Let me introduce
Dr.Starosolazky that time not es a general revorter but as the
‘author of paper Al. "General Trends of River Ice Reseerch".

0.Starosolszky: Thank you Hr.Chaeirmsn! I have to spologize
in disturbing you again.

Economic life in the countries situeted under cold and mo-
derate climates is fundementally influenced especielly in winter
by the conditions im rivers. It was this economic necessity
which prompted the inhabitants of these countries to devote sci=
entific and engineering attention to the phenowz2ns relsted to
ice. The knowledge afforded on ice by the natural sciences end
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the engineering~technical measures following therefrom, have in

general resulted in consequencee of economic interest. This 1is

the mein basis that we in Hungary have had & quite a long tradi-
tional way on research sctivities on ice.

The main achievements in Hungsry made thus fer can be sum-
marized as follows. In Hungsrisn hydraulic engineering practice
ice conditions primarily on the Danube snd to & lesser extent on
the Tisze River are of msjor interest. The fundamental work of
iate collection has been performed in the last 30 yeasrs. First of
gll Prof.Ldszldffy whom we ere having todey es co-chairmen and
Zr.Horvath whose publicstions in international professional liter
re l‘iggeminated the Hungerian results in hydrology of ice
t be mentioned. Some of these papers masy be visuslized in a
ivition in the buffet-hall. In the course of this snaly=-
& they srrived to a number of conclusions gnd have de-
relationships with meteorological conditions of great
interegt. lUore recently Dr.Csoma and Dr.Zsuffa have
i gimilar problems by epplying esdvenced methematical
te them. Experiences concerning the ice cover forme=-
the nast years have been collected primarily for the
fremework of the COMECON. This was mede mainly by
racticel enginesr of the district water authority.
rmed by ice bresker vessels has been analyzed by
that time he was the director of the Lower Danubian
ater Authority which will be visited by you to-morrow.
mfna in the vicinity of structures has been studied by
end Lr.Baks with special regard on the ice control at
river barrage on the Tiszas River.

hrust end other effects exerted by ice have been desglt
detail by Dr.Turik. These publications have been publish-
ry to ssy - meinly in Hungerian in the periodical "Viz=-
rﬂzlemevyer" (Hydreulic Engineering), during the last de-

‘he relevant orofessional foreign lluerature heg been re=-
4 in a comprehensive report by me in which the thermal bud-
ter courses, the hydraulics of sediwents, of ice move=-
ment, ice pressure gnd the protection of structures from ice have
teen discussed. An interesting contribution to the kmowledge of
the dehaviour of the ice cover and on the influence of structures
heg been mede recently by kr.Zailik. Results from his work will
be demonstrated oy Dr.Hankd here somewhat later.

<
@ G
O

FPractvical informetion available on ice control has been sum=-
rizad by several authors, whose work was coordinsted end edited
% . 03 in e comprehensive menusl. Let me show you this. You
Tiné it in your briefcese. Sorry to say that it is in Hun-
ign but it nes, as I remember, English, French, Germen and

isn summaries.

In order to disgeminete up-to-date information to engineers
encaged with ice problems in yractice, the text of lectures de-
vered at e trelnln, course in the winter of 1972/73 wes pub=-
sne¢ by the Wat1oqal water Authority. Tnis comprehengive re-
of the Hunrarisn practice in ice-control hes been published
gulte recently, some days before and I hope that ell of you have
recelved it. In response to practical reoulrements end consgider-
ing first of all the conditions urevaillnn in Hungary research
subjects may have been suzgzested and the list of these sugges-

‘.,
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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 phenomena. And especially in Hungary. Because
Hungary is a small country we don’t have enough brain-forces +*o
gtudy everything. Therefore I wish to inform you about our ef-
forts in this respect in the future.

In gome of the subjects 1t is conaidered advlsable to review
the present gtate of knowledge in a preliminary paper founded on
avallsble experience and on the relevant literature. 1In this re-
gpect we are very gled heving this symposium here in Hungary and
having the possibility to collect different dete from different
countries and to exchange experiences of leading versgonalities in
ice hydreulics and ice control.

In the case of some subjects it is not desirable to go into
further details. In some problems field observations are believed
necessary because all phenomena are affected by different climat-
ological conditions and we have to take into consideration <the
gspecial Hungarian conditions.

Pinaglly, a third group of subjects appears to require beyond
field observations, investigations either in the field or in the
laboratory, the results of which would permit conclusions to be
drawn for particulsr locations.Qur research has to desl with this
special subject.

The menifold character of the subjects listed ir my general
lecture suggests logically to conduct research work on the basis
of organized intermational cooperstion, organized primerily by
the IAHR Committee on Ice Problems. Therefore we wculd welcome
more intensive worik in the framework of this orgenizstion. I
would like to inform you thet yesterday at the lunch break we
had smell meeting for the members of the Committee on Ice Prob-
lems snd we decided some measures, some advancement in the work
of our Committee. Only onme thing that I wish to emphasize. Je-
cause we want to speak in g common languasge we need a good ter=-
minology. During the last years s comprenensive terminolozy has
been prepared by the National Committee of the USSR in Russian
language and the English version was made by the Cenadian group.
We would prefer to enlarge this work to as meny langueges as
possible. Therefore we want to recruit some voluntary people who
will be able to prepare other versions. Especially we would ore-
fer a German version, of courge a French version and some others.
The only one I cen report that the Scendinavian version, meyte
the Swedish one, was accepted by Prof.Larsen snd oi course we
Hungarians have to offer the opportunity to prepare a Hungerien
version even though the Hungerian languege is not en irterne-
tionel one. This is considered necessary in order to serform re-
search work with the required intensity and the hone of a de-
signed research of general validity. ¥e hope that in the coming
years our Committee on ice problems will be able to meke more
contact with other committees of our aggociation ass this e.g. is
our Pluvigl Committee and perheps with other groups or committees
of other international associations, e.g. the Committee on Snow
and Ice of IASH. We hope that the intermationel cooveretion w~ill
be & good basis of the improvement of the kmowledge on ice in
the near future. Thank you very much for your kind attention!
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Cheirmsn: Are there any comments or questions? Please.

G.Tseng: Gee Tsang from Cenada. It is my personsl opinion
end also the informel opinion of some of my superiors in Cenada.
e consider in an area like ice and hydrasulics, which ia well
known to you that & lot has to be done and on a nationsl scele; if
you want to do the things separately it will take & long time to
do it. Seeing that how much effort has been done in the frames of
the IMD snd the Internetionel Geophysical Yeasr, a similar interna-
tiongl effort should be sought by IAHR to study ice~hydreulics
orcblems. Last time personglly I was in Bern on our last meeting
ené I was right heppy to see tha number of scientific papers com-
ing out from that meeting, probably about 4 or 5 times the number
of pepers here we have for this symposium. And also IGY is a good
exemple, 8 globel geophysical cooperation and therefore and based
on thaet - this elso is my personal opinion - we should consider
IAHR to 3o into the possibility to have & similer kind of cooper-
etion. Thank you!

Cheirmen: Thenk you very wuch! Any comments?

Then we shell go to the next paper 4A3. "Kinematics of Flow
Under Ice Cover" by Dr.Zhidkikh, Sinotin and Guenkin. I now in-
vite Pror.Zvorykin who will present the paper.

K.n.Zvoryikin: by nsme is Zvorykin, I am from Leningrad.

Er. heirman, Ledies and Gentlemen! I want to make a short
addition to paper A3 because the guthors are unfortunstely ab-
sent. They ere my Soviet colleasgues.

among verious problems of ice hydraulics those of kinematic
structure of plane pressure turbulent flows sre of particular in-
terest. The experimental results presented enjoy many practical
epplicetions in such leading branches of economy a8 hydropower
engineering, water transport, water supply, etc. However, the
provlem of calculation of flow kinematics under ice cover has not
yet been solved sdequately partly due to lack of perfect design
methods and partly due to some difficulties in choosing initial
date, snd particularly ice cover roughness coefficients,

To simplify calculations formulae some investigators (Levi,
Grishenin,etc.) proceeded from equations of the semi~empirical
theory of boundaery 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
coeficient of the river bottom.

In the paper submitted to the Symposium the suthors employed
ecugtions of motion, in which moleculer viscogity is repleced by
eddy viscosity. The coefficient of turbulent exchange is assumed
tc vary stepwise at the depth of maximum velocity and is calculat-
ed by the Prandtl-Kérmdn formula. 48 a result, relationships have
teen obtained for the basic features of the kinematics of flow,
viz.: flow velocity, water discharge, the position of the meximum
velocity zlene and turbulent exchange coefficients.

It should be emphasized that the kinematic characteristics
o flows covered with ice depend on the gbsolute values of rough=-
ness of the ice cover esnd the river bottom, rather than on their
rgiio, which is in full agreement with experimentel results pre-
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gsented in the paper.

Similar effect of boundary resistances on the internsl
structure of certain system has been known long ago in a number
of sciencee, for example in the theory of heat transfer.

In due time the under-surface of the ice cover alters (be~-
comes smoother). In other words, the ice cover as well as the
river bottom may be considered as an erodible surface. However,
in contrast to the river bottom, the erosion of the ice cover re-
sults from thermal rather than the mechanical effect of the flow.

The above independence of the kinematic structure of flow on
the roughness of boundary surfaces enables one to assume thet in
flows under lce cover occurs mutual adjustment of the ice cover
and the river bottom roughnesses.

Further quantitative study of this phenomenon is required.
Besldes, laboratory and field investigations should be carried
out to estimate roughness coefficilentes of the ice cover.

Thank you very muchl

1 Chgirman: Thank you very much, Professor Zvorykin. Any ques-
ons

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

The method of calculation 1s developed here by regarding
the vertical strips in the middle of the cross-section.

And by defining a curve that will deacribe the velocity
diastribution as it 1s ehown in Fig.l and Pig.2 in this paper,
you will find the maximum value of the velocity given by the
height hyj. Regarding such a vertical stripe not in the middle
of the cross-section but in the outer part of the cross-section
especially near to the banks and if the benks are very steep or
may be vertical the question now is, how the height hy haa to be

determined in those outer parts of the cross-section where
the side influence of the banks ia effective.

%g;;;g.gx Thank you very much, Professor Zvorykin? Do you
want t1c answer?

K.Aa§10§1k1n= That was made by the authors anc not by me. I
presented only an addition to what they had to say. In general I
think the remark is good and we have to find the solution for
the problem presented in the comment of Mr.Olbrisch.

Do you want something else or are you satisfied? If you want
to have an snswer to your question, please write to the authors.
I will submit your paper and they will aenswer your problem di-
rectly. Are you satiafied?

H.D,Olbrlggh: Thank you, Professor Zvorykinm!'
Chairman: Our next paper is A4. "An Aperoach to Evalueting

the Insie y of Longitudinal River-Bed Varietions"™, by Dr.
Komura. Unfortunately, «Komura is not present at our symposium.
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18 anybody commenting on his paper? Or submit this report? ¥No.
Unfortunately we cannot discuss this report because the author
is not here. The state of things is with report A5, "Some Obser-
vations of Fluvial and Ice Hydraulics in the Cold Climate™, by
Dr.Li. The author is also not here. Is there anybody who can tell
us eomething on this report?

Next paper A6, "A Few Problems of Ice Motion Whioh Covers a
Major Part of the Water Surface, Termed Saturated Motion" by Dr.
Zaildk. Dr.Henké, I invite you to present this report.

Z2.G.Hanké: Allow me please, to convey some additiomal in-
formation to you for Mr.Zsilék, who is the author of this paper.

Saturated ice motion is e passage of ice with hardly any
free surface of water between the individual ice floes, so that
the water is moving along with the ice. Between the individusl
floes, running ice and the embsnkments a powerful interactiom
is being developed. The relationships presented in the paper can
be evaluated starting from two differentiasl equations. The first
of these is the Eewton 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-free motion. If this is not the case,
it is referred to as congested motion. In the caas of conges-
tion~-free motion the resistance of flow can be related to ice
velocity, and in the case of congested flow, when thrust is ex~
isting between the ice drifts, the flow resistance can be ap-
proximated as a linear function of the thrust.

For & permanent, rectilineer, uniform and congestion-free
flow it way be derived that the relative slip of ice velocity
decreases with the increase of water velocity - as it is showm
in the paper. Contraversely, in the case of a permanent, rectili-
near, unérorm but congested motiom two recent results must be
mentioned.

The first may be called as the range of inflnence. It in-
dicates the length over which an influence decreases down to its
e~-th fraction, in which e refers to the base of the natural lo-
garithm. The range of action may suitably serve for characteriz~
ing the ice conditions of a river.

And secondly: using the relationships described im the paper
a poessibility is given as determining the thrust distribution 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 of 2 m/s end
the broken line to one of 1 m/s. On the vertical axis you can see
the stress in lp/mz.l2 refers to the length of the backwater

curve, while Il is the length of the ice drift upstream from the

end of the backwater. Om the right side of the horizontal axis is
the barrage. The maximum values of the thrust appears within the.
range of the backwater limit and decreasses towards the barrage at
first rapidly, then at s modeat rate.

Stress distribution shows a similar pattern also with a
standing ice cover. This circumstance explains why ice jJams de-
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velop with the creation of ice cover. The ice drift coming from
the upper river reach forms en ice cover of a loose consistence
within the reach at the beginning. 4s soon as the upper end of
the ice cover esttains the backwater limit, respectively passes
beyond it, the ice cover in the reach will be exposed to an ever
increasing stress. Individual floes cccurring in this period may
be ascribed to the compression of the ice cover undergoing &an
ever lncreasing stress, and likewise to an unsuitable support om
the river banks. The force originating from the decrease of the
stress must be teken up by the banks. If the reaction force of
the banks is insufficient, the ice cover becomes congested with
one individual floe over the other and will thieken until the
equilibrium is reached. Thank you very much!

[+ t Thank you very much Dr.Hank6! Are there any com-
ments concern report 467 ere there additionsl meterials?
No comments, no question. Our next report is A 13 by Dr.Bulatov.
I invite Dr.Omipchenko to presemt this paper. You are welcome,
Dr.0Onipchenko.

G.Og%pghenkox I am Onipchenko from USSR. Mr.Chsirman!
Ladies an nilemen! Let me greet you om behalf of Mr.Bulatov
and present his paper "River Debacle as a Punction of Stream Hy-
draulic Regime and Melting Ice Cover Strength”.

The presented relatiomships are derived on the basis of
many years of observation data of the USSR rivers. Computations
on concrete conditions closely agreed with the prototype data.
We can use this method consequently for the short period fore-
cast of river debecle. In this case the main acting force is
teken as a function of the ice cover lower surface causing de-
gtructive stress in the ice cover. Physical model of interaction
forces {ernit %o coneider wind effects in case of flow velocity
is equal to zero. This model of the debacle process is assumed
to develop the method of short rangs forecast of the debacle for
all rivers of the USSR. In this respect this model of the de=-
bacle proceas 1s universal. Por specific rivers and points, how-
ever, the Imowledge of locel conditions is needed. E.g. concern-
ing the Central Asian rivers flowing from the South to the
North one hes to take into account the inflow of heat contained
in waters from the upper, non-frozen parts of the river. Addi-
tional knowledge of heat brought by water is needed for rivers
flowing out of lakes and water besins. For some rivers 1t is ne-
cessary to accurately lmow an incresse 1n water discharge under
debacle and for some others wmore sccurate knowledge of heat in-
flow to ice cover, etc. ’

However, according to the mentiomed peculiarities all riv-
ers can be divided into groups for which it is possible to de-
velop typical methods of debacle forecast that is such which are
suitable with smsll chenges not for ome river but for a whole
group of rivers. At present, typical methods of debacle forecast
ere being developed in the Hydrometeorological Centre of the
USSR.

Calculation of thicimess end melting ice cover strength
found an independent application for developing forecasts of wa-
ter level height under ice blockings in rivers including also
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forecast of optimum time for ice-breakers to come into operation
with the purpose of opening transit navigation.

Thank you!

Chairmagn: Thank you very much Dr.Onipchenko. Any question or
comments? No. Our next paper is A7. "Variation of Discharge with
Cross-Sectiona with Ice Cover” by Prof.Rouvé, Olbrisch,and Stott-
meister. I invite Dr.Olbrisch to present this report.

H.D.Olbrisch: Mr.Chairmen! Ladies and Gentlemen!

This 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 comparison tc the discharge of
the same cross-section without an ice cover.

Regarding some of the formulas which I will show in the next
picture, the composite roughness has to be calculated in this way.
These formulas have some restrictions. These reatrictions 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 vary the
data in a very wide range. For this purpose a lot of cross-sec=-
tions of different shape and size have been investigated, cross-
-gections of natural form as well as cross-sections of regular
form as to be found in man-made chammels. The roughness of each
cross-section was used not only for the whole profile but also
for parts of the cross-section divid them into vertical
stripes. Using then dimensionless equaticns for the roughnees and
the discharge or the reduction of the discharge - am it is shown
here - all resulting points of a particular cross~section lie on
one curve that is defined by the ratio of 21 as this is shown in

this picture. _ P
But thie curve is not only valid for one cross-section but
also for all cross-sections with the same value of -1 .

P

Some points are to be found here according to the formmla of
Krishnamurthy and these points are situated in the above part and
here in the lower part quite away from the main part of this
curve where the other points are situated right close together,
according to the other formulas. This mey cauase some problems -
of which I will talk about later ~. In logarithmic system you can
derive a very simple method -~ as an example is shown here - to
determine the reduction of the dischaerge. This example - and it
may be represented by this cross-section - shall show which vari-
ations can be done in the developed program because all of the
shown variables can be changed for instance to asimulate the in-
fluence changing with time or with a growing ice cover or chang-
ing roughness, veriation of the cross-section, eto. In this meth-
od of calculation one problem may arise. If we calculate the dis-
charge of any cross-section that can be done by calculating <the
discharges of all parts of the cross-sections - as I have men~
tioned - and if this results sum up to the whole discharge over -
the crosa-gsection we cannot find the same value as in the first
calculation of the profile and the whole amount of discharge.

This picture will give you an idea of the reeson for this
problem. Namely, by finding mathematical curves describing the
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velocity distribution under em ice cover. This will be pointed
out in a study be under work and it will be reported later.
Thank you very much

Chairmen: Thank you very much Mr.0lbrisch. Dr.Larsen,please!

AP en: Mr.Chairmsn, I have a few slides to present.

. » Larsem from the University of Lund Sweden. I
would like to correct s statement in the g:pcr by Rouvé at sl.re=-
gaerding my paper "Hydranlic Roughnese of e~Covers". Ite refer-
ence number is 3 in paper A7.

The enthors state that "The computations seem to have been
based on the assumption thet both the roughness coefficients for
the chammel bottom and the ice-cover are equal.

This is not the case as it would readily appesr from Pig.4.
of the paper. Pig.4 is a diagrem giving the composiie roughnesa
coefficient as a function of the ratic of roughness coefficients
of two bomndaries with different roughnesses.

So here, in slide 1, you see the composite roughness on the
vertical scale divided by the rougher of the two boundaries and
the sbscissas are ratios of roughness of the smoother boundary to
the rougher boumdary. Now the rougher boundary could be the upper
one, the ice cover in this case, or the rougher boundary cen be
the lower ome. It is e matter of putting the indices right.

It seems appropriate to comment & little further om the the-
ory behind this disgrsm, perticularly since these comments also
pertain to paper A3 by Dr.Zhidkikh et al.

Any of the formulas cited in the paper A7, i.e. formulas by
Hortom, Einstein. Lotter, Pavloveki, etc. ere based on one of the
following assumptions:

1. The mesn velocity of each of the sub—ereas is equal to the
mean velocity of the whole area.

2. The resistence o flow of the whole area is equel to the sum
of the resistances of the sub-aress.

3. The total discharge of the cross-section equals the sum of the
discharges of the sub-areas.

These are underlining assumptions on which these formulae
all are bused.

The common procedure of these assumptions is the sub-divisi~
on of the cross-sectional srea. In order to derive a correct de-
scription of the physical behaviour, the sub-areas should be
chosen in such a way that the flow within each erea is governed
by the type of roughness characteristic to the wetted perimeter
assigned to that areea.

The authors get results that differ depending or which for-
mila they use. Particularly, the result indicated im Fig.2 of
the authors® paper, which shows an increase of discharge with ice
cover - an impossible result, as stated Dy the authors - but it
peems to be compatible with Ven Te Chow’s statement in his Open
Channel Flow Book that some of the formumlas result in negative
friction factors.

A wethod of subdivision based on the assumption that the

51 Subject A


http:rousbn.se

velocity distribution follows wm law
veloped turbulence hes been desc in a paper :

Ceused by an Ice Cover on Open Chammels", Journal of ths Boston
Soiiaty of Civil Engi: Jamuery, 1959, and I think a brief
summary of this method ﬂutiin-dthmllhmldstnymnwhm.

What we see here in the next slide is a two-dimensiomal flow,
a bottom where the roughness is described in this
ning-factor. At the time when I developed these formulas
more engineering oriented, mow as I am more involved
I would better use Darcy’s friction factor. The
has a different roughness described by a

Now the velocity disitribution within the twe layers
by the Prandil logarithmic distribuftiom law which
turbulent flow states that the velocity is ths
distance to the wall. Then using the equatioms £
the condition that the shear is zero whem the

- in other words where the velocity is meximum -
condition that the flow is uniform - so tha
energy line is the same - can derive two
which gives you the ratio between y; to yp

per and lower layers) and also you get an
composite roughness to this ratio of depth

from the composite roughmess which you

the slide can be expressed in the ratioc of

s0 therefore this indicates that the c

function only of this retio. And this is

which you saw on the first slide.

How, there is a restriction to this. And that is: although
the composite roughness is a function only of the ratio y3/¥2
this ratio is s function of the total depth. And that is the rea-
son for the limitation which saw on my slide No.l. So thet
graph is limited in terms of depth if you nmeed it for a high ac-
curacy or for a depth less than 1 m.

And there is a question which was brought up by one of my
German friends here: what happens at a slope?

Well, the velocity st a certain point - mccording %o the
Prandtl-distribution - is & function of the perpemdicular dis-
tance to wall so the error we commlt if the slc is not too
ateep 18 cos times the depth compare to the de itself.And this
error is very small. If you “uvlrticllmgl_ of course you
would have to look at it in & differemt way but the slope shown
on the slide here ia 1:2 which is a common slope in nature end in
artificial chennels. )

I show here a slide om velocity distribution im a power—ca-
nal in Sweden with am ice cover. Ome feature 1s the thickening of
the ice cover towards the banks. In the cenmtral pert of the crom
section tha thickness is very small and then it reages towards
the benks. Now, this ice cover is develo pretty much in the
gsame way as ice develope omn a lake. So 1%t is not a cover produced
by fractured ice. You see that the maximum velocity is found pret-
ty close to the mid-depth. Thank you very much!

Ggg&ﬁ: Thenk you very much Dr.larsen. Who is the next
speaker ouvé, please. '
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G. é: Mr.Chairman! Thank you very much, Mr.Lersen, for your
comments. {our remarks with the first slide was & mis-
understending due to the shortage of space in the articles. We
refer to your paper & sentence ahead and the next sentence where
we speak about the common roughness of ice surface and the bottom
purface is not directly connected to the sentence ahead but I
feal that it i8 quite importent elsoc at the bottom. Roughneas
is not unique over the whole width as the surface roughmess is
not common for the whole width. On your last slide you had the
lerger ice thicknesses at. the borders where we certainly should
have larger roughnesses. I feel that could be tha result of the
extension of 8 peper which we hoped to be ready today but due
to some unexpected difficulties we could not finish up this pe-
er, The main aim is now to get by adjusting an alfa value = if

could see the last slide please - and this velue is either
directly connected with the value in the paper of the Russ
colleagues or connected to your value yp, - with other words(....)
which divides the upper and the lower iﬁﬂumo of the roughness
- we hope that we can get the same discharge as cslculated by s
common ction coefficient.

Now, we would be very grateful if you, Dr.laersem, or somebody
clucouldg:uaaguhmummtunonn this alfa
velue 8s & tion of roughness snd water depth is found we can-

not only celculate the discharge knowing the ice cover or kmowing
the roughness of the ice cover but also - and that would I feel
be much more interesting - if you know the discharge you can cal-
culate the roughness of the ics cover.

Thank you very muchl!
: Thank you very much, Dr.Rouvé. Dr.lersen. Flease,
answer?

Sir. You want to |

Well, I juet want to show you some results of
actual measurements. Measurements made in the chemnel of which
I showed the velocity distribution in the last slide. Hers we
made measurements in summer time to establish ronghness of the
bottom. And have measured 8 different discherges, shown here as
points along the lower curve. The up curve is based on 4 meas~
urements for 4 different diascharges winter time when the chan-
nel was covered with ice. ng these 4 measurements some 34C
vertical sections were measured with curréent meters end the ice
roughness was computed based on velocity profiles.

And then in terms of the Manning coefficient we found that
the Manning n wae 0.0192 for the ice cover. Then we computed the
composite roughness besed on the formula I just show you snd
found that the composite roughness was 0.027 and then we computed
the composite roughness besed on direct measurements of head losa
and £ and exactly the same results in between the limits of ac-
curacy which was a difference in the third decimal. From this
slide you see that the increese in head~loss is approximetely
60 % with the ice cover. Now this whole research was undertaken
in order to obtein some data because at that time we were design-

a much longer cenel in Sweden where the head-losses were
quite ortant for the power-plants. And we used this epproach
and predicted that the loases this channel would be about 100%
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: Thank very much Dr.Larsen! Dr.Rouvé, are you
utmm do x’ag: angwer, thank you very muche !

vé:It issurprising and I could not think about it that

on River and Ice may have such hot discussions

It is d t for me to believe the )

negative rcq?nn- and that the value could be larger than one.

At the moment I do not see any possibility. On the other hand
our increasse of ene loss is certainly - you take the emergy
ogs for the ice-free flow s 100 % - is not it? When you speak
about increase? All right, yes, thank you very much.

Chairman: Thank you, Mr.Rouvé. Well, Ladies and Gentlemen,
with This we conclude our morn!.gg gession, Our discussions will
e

be continued afternoon, before closing session. Our second

session or afternoon session will start at half past two.
Thank you very much, for your kind attemtion.




SESSION 0¥ SUBJECT 4 (Continued)

23130 pem. January 17, 1974

C.F.Pimenta, Chairman
E.Kertai, Co-Chairman
0.Starosolezky, Invited Speaker

C.FP,Piment Chairman: Ledies and Gentlemen! We go to con-
tinue” the presan%aﬂon end discussion of paspers om Subject A
that we have started this wmorning. I am Professor Pimenta from
the Technical School of the S8o Paolo University, Brasil. I am
also director of the Technological Center, Water Hydresulics and
Electrical Department of the Secretariat of Work and Public Serv=-
ices of Sdo Paoclo State of the Federative Republic of Brasil.

Professor Dr.Kertal is co~chairman, who is the Secretary of
the Local Sponsoring Committee and also Head of the Department of
Water Management of the National Water Authority and Professor of
Hydraulics at the Technical University of Budapest.

Sometimes I will ask him to help me because my English 1is
very little. My second langusge is Premch.

This morning we arrived to paper A8 and now we go to contin-
ne. Let us see paper A9. I ask for the suthor of this paper.
Please, Mr.Thomes, would you introduce it? Is there someone to in-
troduce this paper? Them the next paper is AlO, I ask for the
author of this paper to introduce it. Mr.Majewski?

'.!giawski: Mr.Chairman! Ladies and Gentlemen! The paper I
am going to present has the aim to develop a method for calcu-
lating water temperature along the St.Lawrence River and to give
a forecast or say, what result will be of certain methods pro-
posed to increase the length of the navigation period or at least
to keep it icefree in the whole winter.

The first slide shows here the longitudinal section of the
Great Lakes and The St.Lewrence River snd the section of the riv-
er which was under investigation. It begins just from Lake On-
tario and contains several hydraulic structures. This section is
about 260 miles long which is appr. 400 km. The whole section 1is
shown from Lake Ontario, you gee the point sero which was taken
as a reference point at Kingston and then we go downstreem
through Nontreal and this section was under investigation.

The section at the St.Lawrence ig quite complicated here be-
cauge it includes a river channel which is a true channel end
then you cen see farther some enlargements of the river, Lake
St.Francis, Lake St.Louis and Leke St.Peter. All these have to
be taken into account when we have started with this study.

The schematic river sectiom looks 1like om this picture;
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Above the horizontal line this shows the St.Lawrence River, the
meteorologicel stations along the St.Lawrence River snd below the
points for the messurement of weter temperature. The measurements
of water temperature end ice service were started about two yesrs
ago for this study when it was initiated. The dischsrge of the
St.Lawrence River is vu-{ steady. Thie is due to the influence of
Lake Ontario which is a big reservoir not mﬂ; from & hydraulic
point of view but sleo from a thermal point of view. It is a very
steady thermal stability. Then there ia a dam about 62 miles from
the lake which cen control the disc e of the St.Lawrence River
end then we have two power stations. The average disc e is

210 000 cfs and this is equivelent to 5950 m3/s. I am us here
two systems of unit because actuelly this study wae csrried out
in English units and most of the people here - I think - are ac=
costumed to the metric system. Along this section it was invest~
igated only one bigger inflow that is the Ottawa River with the
dimcharge of 1130 m3/s which was actually tskem into account in
this study. We had here six meteorological stations which give
ug asll meteorological perameters and we had slso six points for
water temperature which were nearly in the same places at the
meteorological stations. Investigat the values of meteorolog-
ical parameters along this river section we ceme to the conclu-
sion thet at the meteorologicel station of Montreal we get pract-
ically an sverage value for the whole section and therefore we
used these velues for our study. Here you have the run of air and
water temperstures in Montresl which ere shown as t; end t, and

also the tempereture at Kingston that is in the point zero. Now,
the first point which we have to do is the eveluation of the heat
transfer coefficient. And we did it for several months before
freezing and in the fall and winter through October, November,De-
cember, January and Februery. To celculate heat transfer coeffi-
cients the following parameters were taken into asccount: evapora=-
tion, conduction, radiation, back-radiation and ipitetion in
the form of snmow. They were calculated in BTU/f£t< dey end in
Pahrenheit degrees which you see on the vertical axis and on the
horizontal we see the difference between water and sir temperat-
ure. The syatem developed for the calculation of water temperat-
ure was as follows: we divided the whole river section in sub-
-gections of the length of two miles, equivalent to 3.2 km. For
each of these cross-sectiona we had %he values of discharge which
was practically constant c ing only in one point at the inflow
of the Ottawa River, then we had to calculate the cross sections,
then average velocities, then the time for passage of water part-
icles between the two cross-sections taking into account the
length end the average velocity and then we calculated time, the
cumulative time of paesage. The formula which was developed for
this calculation is given in the proceedings. I only want to
emphasize here the point where we had to interpolate the air
temperature for e given point. So we assume that the water part-
icle is moving between two meteorological stations along the rive
er and the time pessses by, so we interpolated the air temperat-
ure according to time and distence between two stations.

Pirst of all we had to make the verification of our model.
From about two-three yesrs of field measurements we took seversl
periods of air end weter temperatures in October, November, De=
cember, January, Februery and we calculated exactly what temper-
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atures we obiained from our ourse, when I show you
one of my exemples on the pic you can see that we
an see the dots
which show the points obtained field measurements. Of course
this is ome of our beet fits ven for verificatiom.
Some of our checiks were not this ome. And them we
wanted to find out what was iscrepancy of the messured and
celculated temperatures and ame to the conclusion
the result was the informati Which was not taken in

an imp

letive velue of time which passage of water particles
from point sero to the end investigated point - about 16
h{-. Now the picture below the air ture interpo-
lated and you also can see the discharge which is constant over
the whole pection., With the omly change where the Ottawa River
comes into the St.lLawrence.

Now, we in ocur r took three methods of improving our
situstion, the thermal situation of St.Lawrence. Ome was the so-
-called regimented chsmmel, which mesns that some of the areas
of St.lewrence we could exclude from the flow by closing them by
dams or other hydraulic structures. 0f course this could be

er to the stmosphere and we
icles have flown from point
> of these places are shown
you can see the reduction of the water
tions we had to introduce new
the calculations of water
tempera did for nstural condi-
tions snd for

Here also you cen see the influence of the second method
that means the increase of discharge. Because
beginning of the river section there is
there is a possibility to
limits. But we wanted to see
the extensiom of the period
ture. 4and on th-xpictgre
at fure at Kingston
e ::por.m. when the water
2 or the freezing poinmt. And
B ot ies 1h KRNt o Mtk paesiraliy ahtte YE a1
at beg a’ on - prac quite a -
ference in water t ture from the St.Lawrence River. Now the
picture below shows influence of the regimented channel =
confining the river in a limited channel - and here you can com-—
mtmmm-uthmtﬂ.ennmmtopammzooooo
cfs and you see the length un the water temperature resches
the point of zero.

Of course we came here to the conclusion that neither the
regimented charmel nor the increase of discharge can solve the

problem.
The third method which was taken into account was the addi-
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tion of waste heat from thermal or muclesr power-plants. What we
here present is that heat addition increeses the water itemperat-
ure from the picture with 12 times 0.5 °F from 12 power stations
with the capacity of 3600 MW. This was calculated on the basis
that the efficiency of a powsr station is about 40 %, the dis-
charge wae 210 000 cfs and we used here the heat ‘trmf:g coef-
ficient 95 BTU/fic dey which is appr. equal to 466 Cal/w= day and
given in cemtigrades. The firat line above shows the run of the
water temperaturs for natural comditions without heat addition
end the line with eteps shows the addition of heet and you can
see that the whole section under investigation can be kept 1ice-
«free. The other solution here on the picture down shows the heat
addition with partly regimented chennel and you can see that even
here startingclith a temperature from Lake Ontario with 36 °F,
that ig 2.2 , the addition of heat at a rate of 10 times 0.5 °F
leaves the whole section without ice. So this study actually gave
the idea whet cen be done by using one of these three methods and
this is the final conclusion, that the omly solution which could
glve a good result is simply heat addition. Of course I em not
discuseing the feasibility of this solutiom and other disadven-
tages which may erise from having opem water surfaces in a very
cold climate which can have very fer reaching effects, but this
of course was not discussed in my study.

Thank you!

Chegirmen: Thenk you Mr.Mgjewski! Mr.Gliomeberg would you like
to meke a comment?

F.Glnneberz: I have three remarks on Mr.Msjewaki’s paper.

l. The heat tranafer coefficients in Fig.l show quite a
plausible dependence on weter ifemperature, in that they are low-
est in Februery, when water temperatures are lowesgt, though the
everage wind speeds play an important role, too. The dependence
of the heet transfer coefficient on the difference % -t seoms
to be wrong. In addition to the turbulent exchenge cHus8d by wind
there is an exchange ceused by buoyant 1ifting of air elements
that were heated when in contact with the warm water surfece.
This buoyancy effect rises with the temperature difference ty~tg.

EUHE (Physikalisch-meteorologische Uberlegungen zur Nutzung von
Gewiigsern fUr Kilhlzwecke. Archiv Met.Geoph.Biokl.Ser.A. 21,
5.93-122, 1972) finds the rise of heat transfer coefficient to be
3 %/deg.

2. The total heet transfer coefficient may rise, when ice
formation begins. The ice formation modifies the heat exchange
processes in two ways: a) The floating ice isolates the river
thermally. The surface temperature of the loose collars of ice
floes is close to the air temperature, the differemce tice'tair

is small, and so is the heat exchange. The inner parts of ice
floes are closer to the water temperature, depending on the thick-
ness and age of the floes, and the heat exchange is greater here.
So when the ice coverage be 30 %, the thermsl isolation mey be 10
to 20 % only.

b) The ice structures protruding over the water surface en-
hence 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 eir are more intensely wixed, and the wermed skin of

air in contact with the water 1s more rapidly replaced by cold
alr. II. The proximity of very cold collars of ice floes and warm
open water gives rise to an intense buoyant exchange of air,
gringing more cold alr into sensible comtact with the water sur-
ace.

The question now i1s, whether the intemsification of heat ex-
change ms described in b) will be compensated by the isoletion
described in &). The magnitude of effects depends on the form and
coverage of ice and on the meteorological conditions. Possibly upl
to a certaln coverage the heat tranmsfer is considerably enhanced.

3. The equilibrium temperasture during an ice period may be
about =10 deg. centigrade (air tempersture -12 deg.). Adequately
gpaced power stations may keep the water temperature 10 deg.
higher. If now the weather changes and the equilibrium temperat-
ure rises to O deg., the power stations will ralse the water tem-
perature to +8 deg. (the heat exchange coefficient rises too). Im
Western Germany water quelities are such that biclogists strongly
disapprove so high heatings up. So the power stetions should have
two cooling systems, once-through-cooling for the ice periods and
cooling~towers for the remainder of the yeer. This on the other
hand is unprofitable for the electricity producers.

Thank you!
Cheirman: Mr.Majewski, would you like to reply?

W.Majewski: Actually, there were three points which I should
answer.

1. Chenges of heat transfer coefficient with increasing dif-
ference between air and water temperature.

This relation was based on the average monthly meteorolog-
icel parameters using formulas adopted by other suthors.The study
was not speclally concermed with changes of heat trensfer coef=
ficient and later average values were taken into account for cal-
culation of water temperatures.

2. Influence of ice on heat transfer coefficient.

This was not specially investigatsd and in some cases of
verification I only mentiond +that the discrepancy between cal~
culated and observed water temperatures might be influenced by
the ice formetion, i.e. the heat of fusion.

3. The influence of heat discharge into river.

Thig study did not concern with summer period and therefore
I cannot give a precise answer. I quite agree that this problem
ghould be also investigated for summer time from the voint of
view of environment. Thank youl!

Chairman: Does somebody else make a question on thig paper?

OK. The next paper is A 11, "Entrainment of Ice Blocks - Second-
ary Influences™ by Dr.Ashton. Please!
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G.Aghton: Thenk you, Mr.Cheirman! Ladies end Gentlemen!

My name is George Ashton, I am from the Cold Regioms Lab in
Hanover, New=-Hampshire. I would add wy qualification because some
of the data which I will show today ceme out from The University
of Iowa. It was actuslly obtained when I was there and et that
time I was perplexed by one part of it and I was not able to
figure out what the solution was at that time; later I did and at
the time Professor Eemnedy, his student Uzuner and myself have
communicated on i%. I think we are closer to the agreement than
when we started the problem.

The problem is & very fundemental one which deals with the
similitary of the entrainment of a floating block or in & parii-
cular case of a given gpecific gravity ice. Historically, there
ig & certein development that deserves some recounting.

Some time in the late 50's (......) proposed that a crite-
rion for ice jamming would be the Froude number. A conventional
Proude number based on the depth of flow. This idea was sub-
sequently extended and some support givem to it by the studies of
Fariset and Hausser and later of Michel. On one form or another
of the entrsinment of a single block.

May I have the first slide?

Before we go on I think it is worth pointing out thet the
very first thing that happens when an ice block comes down the
river that i1t strikes the leading edge of something. Ordinarily
it is an ice cover, it may be another obastecle such as a float-
ing bridge or even various sorts of weirs.

Now, going into the problem: you heve the thickness of the
block, you have the length of the block, you have the depth of
the flow a maln velocity of the flow and that - as this will be
talked later - is related by straight forward conmtinuity rela-
tionship to the velocity that would be average under the block.

Finally, you have the density of the water and the density
of the block which in the case of & sclid plece of ice is well
zatablished but in the case of a cohesive frazil flock it is not
g5 well defined, and may be much closer to that of the water it~
self, And finally another term is gravity that will affect the
wroblem ccnsidersbly. Now, this is the problem that Pariset and
Haugser worked at and they concluded that the entrainment - that
is the condition under which the velocity or depth conditions
force the block to submerge or go under the cover cr to stay
flogting in its original arriving position - was given by a
Proude number, in their case s densimetric Proude number which
they first defined with the length parameter of the thickmess.
They did not say that this was equivalent to a certain constent
wnich comes out of the argument they used and then they put =a
zultiplier k on it. And this was uged by s number of authors.
+nd this was explained in a number of ways.

Pariset and Haugser recognized that in the simplest case the
shepozenon is equal with a simple submergence while the block re=-
maing in e horizontal position. And to get the relationship they
50t you almply balance the velocity pressure differences sgasinst
the buoyancy of the block when it 1s in a horizontal position.

fnd ell that you require is complete submergence before in-
stedility cccurs.
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They recognized that this did not always occur. That often
the block turmed. This would be indicated by this angle = which
becomes nearly T after g while. In most cases it does this. How-
aver, they reported that the effect of this was to cause this co-
efficient to vary this k value from approximately 2/3, which was
agsociated with rather cubic shape blocks to 1.3 with the very
thin blocka. In other words, very thin blocks are more stable
than are the very thick blocks.

This ia where things'-are atanding for some time.

Reported in 1972 but begen in 1970 Mr.Uzuner working under
the direction of Prof.Kemnedy did a lot of detalled analysis on
this problem, very detailed amalysis. It was pumerical and in-
cluded the effects of the angle and inmtegrated the pressure
forces that would oceur. The results of this study gave a great
amount of data. By very cerefully done experiments. 4nd by the
permission of Dr.Kennedy these data are available and they are
very impressive in their scope because they cover a number of
specific gravities - besides that of ice - ranging from appr.

0.5 to up very neer that of ice. They elso cover =a wide range of
thickness over height of flow of appr. 1/10 of the flow depth to
8/10 which becomes to be very meaningless. And these data as they
presented them were very successfully used in prediction methods.
However, it was predicted individually by the separate specific
gravities. The top curve is the data for specific gravity of
about appr. 0.5, the next ome for 0.67 and then finslly this is
the one with specific gravity of 0.87 which is near ice.They then
unified these data - they recognized that these could be unified
better than to have separate plots end so they could use it as a
prediction scheme. The whole thing resulted in a moment coeffi-
cient both as a functiom of the specific gravity of demsity and
as a function of the thickmese - length ratio.

At this point I started looking at the data and particular-
ly at the enalysls and I found 1% very good but slso I found it
very complicated. So I prepered a simpler analysis even by leav-
ing out some details so that we would not have to go through this
complicated analysis every time. And I simply did = moment equi-
librium on that. I said that the weight of the block points down=-
ward, the buoysncy force acts upward, it rotates such that the
poiné of instahility occurs whem the upstream leading edge of the
block is at the stagnatiom water level. And them finally you have
a pressure term which simply can be derived ms a onme-dimensional
energy relationship and it might be more complicated when you go
in extreme cases such as a deep flow and you certainly have e
pressure difference there but it is local.

From these we go straight forward to a simple expression but
with no indication what the ratio thickmess over length would
give. This presentation is a bit biased in my favour. We would go
back to Kemnedy's and Uzumer’s presentation for a moment. The re=-
sult of this is that you may plot the data of Kennedy and Uzuner
on a densimetric thickness Froude number plot, this is the thick-
ness over depth ratio. This is one plot if you study it careful=-
ly. The next two plots have identical ordinates and abscissas but
data of three different specific gravities. There are some data
here represented by thess particular symbols which ere the ones
that tend right above the line. The atraight line is equivalent
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to the Pariset and Hausser line with k = 1. The other two 1lines
are variations in the assumptions that you make of the depth at
which the rotatiom occurs. I won’t go in the detalls of those

- as you can see 1t is not too much difference in the resulis
and certainly the scatter of the data causes gome differences.

Now if you take all these three plots of data and superim-
pose you see that they lie in a band that is shown by these vert-
ical lines. And it lies quite close to this very simple solution
that comes out from & simple moment equilibrium analysis. How=
evar, those few polnts which I showsd you are outside of this en-
velope and ars esgoclated with very thin blocks. Otherwise there
is & small effect of thickness over length or thiclkmess ratio but
not very much. One set of data suggested that perhaps 1f you come
very close to the density of water or as you become very thin in
the block either in terms of thiclkness over length or thickmess
over depth of flow that perhaps they not behave the same way.

And sccordingly, myself end s man working with me did some
experiments with very thin blocks. And we found essentially no
difference. Which leaves this ome data set unexplained. At least
at the moment. We did find one thing that was of interest snd
thet is that we did not get any differemnce in the critical velo-
c¢ity depending on whether the block was initially at rest and the
velocity of flow speeded 1t up until the instability occured. We
found no difference in the behaviour in that case and in the case
in which a block was floated on the water upstream end came down
snd turned under.

I might further add, and this is not in the paper that the
fact that the initial block is entrained, as 1s given by this re-
lationship of the date in the lower line, does not necessarily
mean that you cennot 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 thickness thet it should have for that velocity. Now, hope=~
fully you can be convinced that the regional depth Froude num-
ber is incorrect and the thickmess 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 yourself with
the same deta to & demsimetric depth Froude number and you see
that the data line is in the similar band and you see the con-
ventional plot of the data.

Now, what I want to conclude from this (eeeess) 1§

A peculisr way to do the analysis. In my analysis,ﬁ@nmedy’a
enalysis and in the previous analysis the critical assumption
wes the (e.....) when the top leading edge became submerged. This
not{ necessarily has meant that the entire block was submerged.
And you may write down the flow-equations sligned 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
was 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 very close to my home, and very close to Dr.
EKennedy’s laboratory and rather in the middle of the United
States in February, two years ago. I thank you if you found it
interesting. In this case a private compeny decided that it want-
ed to deliver a cargo of phosphate in winter, when no ships were
operating and navigation had ceased. I think you will find this
different to other transportation aystems in many places. DBarges
are 200 feet long, there are six of them here, it is too wide and
they are pushed by one tug=-boat of 3000 HP., We were successiul in
breaking 9-12 in unbroken ice, unbroken before we got there;after
we got there, there was a course of broken ice for the next boat
and we also found that there were a lot of other boats moviag
cargo up as goon as the path has been cleared. The reason I eay
this is because we had times when navigation was difficult in the
ice. We were laterally stopped. And the ability of these tug-
~boats simply to run ahead as an ice-breaker was quite notable
and it occurred in many cases that we had no problem at all in
clearing the path and in going back in taking the barges on. And
I think the total length percentage of the reach whers there was
difficulty was only in the order of a few percents. This is a
very attractive way to operate in the ice. Still another prospec-~
tive before I quit, I will show you a view from the front of the
barge. I want to point out only one striking thing; thet the
breakage of ice on the first pass through the cover extended
about 2 inches aside of the barge. It left a very clean track.
However, the next passage left a very wide track because the by-
way that the diverging way-pattern originating at the bow will et
some distance outfirm the barge. Subsequently the entire track or
path will full with broken ice. That was I wanted to say to you
and I would be happy to answer any question. Thank you.

Chairman: Thank you Mr.Ashton. The next paper is 4 12. Mr.
Degtyarev, please.

V.Degxz%rev: Mr.Chairman! Ladies and Gentlemen! Let me in-
troduce myseif. My name ig Degtyarev, I am professor of Hovo-_
sibirsk Institute of Water Transport. I shall read the report by

Balanir and Borodkin professors of Leningrad Institute of Vater
Transport. They are abgsent from the symposium® se.eee

Thank you!

Chairman: Thank you Mr.Degtyarev! Is there any question
about paper A 11 by Mr.Aghton? MI.Kennedy’please.

JoFeKonnedy: I am Kennedy from the United States. I think
AshtoETFTEEE?Tﬁﬁtion of showing how this rather converse rela-
tion developed by him and myself can be gimplified is wo:th-
while, and you are willing to accept this degree of approxima-
tion, which is very adequate in most cases. You do not meed to
conaider the links effect. It ig interesting also to consider
how the links effect enters and either for the vertical sub-

® The text is published in the volume "Contributions to Subject
An,
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mergence mode of sinking or the underturning mode of sinking
which have been analyzed by earlier investigators in Canada and
also by myself and Ashton = in either case the links effects en-
ter as a result of the rather massive flow=field around the up=
stream end, due to flow separation and reduced pressure region
and so on. Now, unsing Uzuner's analytical model you have one
additional tool which you can use to take account of this effect
of low pressure around the npstream end. It may not be too im-
portant, as Aghton’s results indicated it apparently does not go
into the larger values, in which case you can use a single rela-
tion in terms of the densimetric Froude number. One other com=
ment concerns this no=-spill condition, which also Ashton men-
tioned and that is that this is another rather artificial device
which we used as a substitute for the correct and complete analy-
sis which we should doe As he mentioned that was found rather
difficult. I recently tried to begin too to undertake to ascer-
tain, I used both the moment and the vertical force equilibrium
woen underturning or sinking has occured and I discovered only
that I had not becoming smarter than I was two years ago as 1
could get a reasonable close function this time neither.

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

G.Aghton: I do not make a reply but I want to comment some
observations of Mr.Kennedy. One is that there is still a ques-
tion about the very thin blocks. We found some very difficult
problems on the real numbers, on what really happened. The very
thin blocks in the order of 2/3 cm thick seem to behave differ-
ently. That is it takes a higher velocity to entrain them as this
is predicted by the other data. And so there is a question there,
thig is & rather important guestion, many of the ice-floes that
come down are very thin relative to their length. Even thinner
than those weirs, and they may come down with their thickness
0.02 relative to their lengthe So it is still an open question,
there ia quite a lot of room that it may be possible to do a
limited analysis, just let 1limit yourself to very small values of
t/L ratio and perhaps to consider Kennedy’s analysis to look over
parts of it. Thank yous

Chairman: Any question about paper A 127 Mr.Kennedy,pleesse.

J.F.Eennedy: Just one short observetion on this interesting
scheme that has oeen proposed. I have observed in flying over the
Missigsippi River and the Missouri River in the United States
that there is a point where side~jet discherge of a power-plant
along the river came in. The heated water of these rivers makes
usually its own rather narrow way like a channele. Ice covers al=
most entirely the river except only the very site of the dis=-
chargea. And I think one might be well advised - he who is going
to purste thias scheme - to seek deaigns which would undertake %o
maintain the gtratification, to keep the heated water at the
surface and then rather be content by the ice channel which
makes 1tself. And I think this way you are quite right to pro=-
tect the main body of the river from the temperature-rising ef=-
fect.

Chairman: Mr.Degtyarev! Would you like to reply?
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Chairmgn: Now, we start discussion about Subject A.
Mr.Tsang please, you like to comment?

) G.T : First of all, I wanted to make my comment this mor-
ning but since I am now here I would like to say something about
this morning’s paper about the discharge variation between a riv-
er with and without ice-cover. The author Dr.Rouvé has shown in
his paper a curve which shows the ratio of too many coefficients,
the ratio of nl/n, as a function of discharge ratio. Last year
I had a recirculating flume and I just wanted to see what happens if
I have an ice cover outside under natural conditions. I have =
motor driving the water going around and around, I leave the
flume outside and then I observed what happens. First, of course,
the ice cover was formed. Without ice cover the head difference
was about 1 mm or so. And when the ice cover was formed,this head
increased. The flume was a glass-flume so I could observe how the
alr was trapped underneath the ice cover. And you can see the air
bubbles gradually going down underneath the ice cover. In fact,
it seems the trapped air has quite an influence on the underside
roughness of the ice cover also. And then we continued the exw
periment, and in the experiment the power input was tested. The
input power lead to the motor was constant, but however, we found
the velocity gradually increased especially when you have frazile
ice, and thisg frazile ice was formed in the gize of 2-2 1/2 cme
It then stuck to the bottom, which was gravel in uniform sizes,
and also stuck to the tope. And when this thing happened the
registance increased by a factor of an other order of magnitude
and I think this is extremely important, and probably a lot of
ice will be overloaden due to this under natural conditions.

Talking about the comment on this morning paper, the author
professor has talked about the sediment transport effect of
frazile ice. iie have a research gite in a river in Ontario, in
Canada and in a straight section we have picked samples in four
crogs-sections throughoat the whole winter. And then we found,
that when frazile ice is formed and a gecondary current in the
river induces a double-vortex, this takes the frazile to the mid-
dle and so in the middle you have an island, more or less an
island made up with frazile and all this in a river of the width
of 50~60 metres. Now we went to theseeses. Biver which was 500-
~800 m wide - very wide river- and we observed that the secondary
current transported the frazile ice again in the middle. How
when frazile ice goes in the middle, this accumulates there, and
I tried to traece whether it goes down with the currente. &And we
have noticed the frazile eccumulation in the first section,
gradually increasing in the second section but it never reached
the third and fourth sections I think it just went by melting
and by eroding away. 411 this information was gathered in Canada
by the Water Survey of Canada, when we took measurements of ice
during winter discharge, making holes in the ice to be =zble to
measure also the discharge. Apd sometimes, when we see a Irazile
pack always almost in the middle going right to the bottom and
on the two edges all is clear and when then we take a measure-
ment in the clear water planes and we go also upstream not far
away, to a place which .ias no frazile ice and take another.dls—
charge measurement, they are about 40 %, Why is that? Frazile
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ice becomes gometimes a porous materiale You have water passing
throughe Sometimes the frazile would behave like a sediment car-
ried away by the water, but sometimes it will baheve like a
porous material usually as it has been accumulated at a certain
place after some time. We call this tracing effect, when ice is
accumulated like a sand packe Small channels are developed in
this case in the ice through which water may pass through. I
think this would be a very interesting thing, to study further.
And probably this would rise a question to you in your future
worke Thank youe’

Chairman: Somebody else to make a comment? Ho? I do.

In my country, in Brasil, we have no ice problem, except to
find enough ice to keep our whigky cold. But we have another
problem that is very similar to that of ice covers and ice jams
in rivers. In some of our rivers an aquatic plant called "aguape"
growse This planthas its roots in the river bed, and is connect-
ed to the main floating part by & 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
they reach a bridge, or some other obstacle, where they accumu=-
late. They then form a "green cover® on the stream that is very
similar in its behavior to an ice cover. These "green covers"
may become several feet in thickness and may cause large in-
creases in the water stage.

This plant produces a beautiful flower, and many tourists
are tempted to take samples home to plant in their own gardens.
However, this is a very dangerous practice, because these plants
spread and grow very fast, and can soon infest the river of the
new location = bringing a Brazilian problem to the site.

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

I would like to take this opportunity on behalf of my gov-
ermment to invite the participants of this Symposium to come to
Sdo Paulo to attend the 16th Congress of the IAHR which will be
held in July 1975. The exact dates are July 27-August le. I look
foreward to see you in Brasil. Mr.Starosolszky, would you like
to summarize the results of this session? Thank you.

8.Starosolszky; Thank you,Mr.Chairman, giving me the privi-
lege To make a summary about the results of our morning and af-
ternoon discussions. Of course, may I emphasize, this is very
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 only an approximative
method for making a summary on this subject. We had many inter-
esting discussions and papers concerning different problems of
ice=-hydraulics and interrelations between fluvial and ice hy-
draulics. 4s we recognized immediately now, from the discussion
of Prof.Pimenta,there are similarities all around the world
where our knowledge concerning ice may be used. Let me mention
e.g. that there is a very big similarity between the motion of
timber on a river, that means logs on a river and ice. And our
knowledge concerning the ice-hydraulics may be used in other
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different subjects. I have here four points, as the main tasks
for future research. Let me refer to them.

First, the observations concerning ice phenomena may be
judged as rather poor, when we want to use some mathematical mod-
eling on ice formation, ice drift in ice jamming. 4s a consequen-
ce of this gtatement, we need an improvement of the observation
methods including instrumentation. And of the gubjects of obser-
vation as welle For solving the different problems, based on dif=-
ferent mathematical models - some of these have been introduced -
we need quite a lot climatological data. Because the ice regime
is depending on the atmospheric conditions and the World Meteoro-
logical Organization has the regponsibility on problems of operat-
ive hydrology, it may be proposed to find some contacts with this
governmental organization. The WMO, as a govermmental internatio-
nal agency may ensure the unified methods of observation. What we
need when we want to make some comparison concerning the observa-
tions and the results on different rivers of the world.

The second conclusion maybe as follows: the cooperation in
the field of ice-formation, ice~floes and the breakup would be
encouraged in all countries situated in a common catchment. The

information system may be based on telereporting or telemeter-
ing. I think an example in the Danube Bagin 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 intensively in order to obtain data
which we need when using ice hydraulics for forecasting of ice
phenomena. Investigations on cohesion, strength end of other
mechanical properties of ice would be egpecially welcome because
of the proper values we need when using different hydraulic com-
putations concerning ice problems.

The fourth and the last one which was many times discussed:
the thermal power stations and the connected outlets of cooling’
waters may change the ice regime of the rivers. Therefore, a
gpecial care has to be taken on the observations in this respect,
and take into consideration theilr effects on winter-navigation.

I think, that today’s morning and afternoon sessions have been
good contributions to coordinate future research and for a bet-
ter understanding of ice=-phenomena. Thank you very much.

Chairmgn: I close this gession with many thanks to the
authors, many thanks to the general reporter Mr.Starosolszky,
meny thanks to our Cochairman Mr.Kertai and many thanks to all
participants of this symposiume And many thanks to the Organiz-
ing Committees and excusge-me for my very bad English.

(On the next pages two late papers on topics belonging to
Subject A are published, and also an Addition to Paper A=3
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ADDITION

T0 PAPER A-3 "KINEMATICS OF PIOW UNDER ICE COVER™

by ZHIDKIKH V.M., SINOTIN V.I., GENKIN Z.A.
submitted by K.Zvorykin

Among various problems of ice hydraulics those of kinematic
gtructure of plane pressure turbulent flows are of particular in-
terest. The experimental results presented enjoy many practical
applications in such leading branches of economy as hydropower
engineering, water transport, water supply, etc. However,the prob=
lem of calculation of flow kinematics under ice cover has not
been yet solved adequately partly due to lack of perfect design
methocs and partly due to some difficulties in choosing initial
deta, and particularly ice cover roughness coefficients.

To simplify calculation formulae some investigators (I.I.
Levi, K¢V.Grishanin et al.) proceeded from equations of the semi-
-enpirical theory of boundary layer. In terms of this theory the
kinematic characteristics of flows under ice cover are governed
only by ratio of the ice cover roughness coefficient to the river
bottom one.

In the paper submitted to the Symposium the authors employed
equations of motion, in which molecular viscosity is replaced by
eddy viscosity. The coefficient of turbulent exchange is assumed
to very stepwige at the depth of maximum velocity and is calcu-
lated by the Prandtl-Kdrmdn formula. 43 a result, relationships
have been obtained for the basic features of kinematics of flow,
viz.: flow velocity, water discharge, 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 absolute values of rough-
ness of the ice cover and the river bottom rather than on their
ratio, which is in full agreement with experimental results pre-
gented in the paper.

Similar effect of boundary resistances on the intermal struc-
ture of certain system has long been known in a number of scien-
ces, for example, in the theory of heat transfer.

In due time the under-surface of the ice cover alters (be-
cores smoother). In other words, the ice cover ag well as the
river bottom may 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 the flow.

The above dependence of the kinematic structure of flow on
the roughness of boundary surfaces enables one to assume that in
filows under ice cover occurs mutual "adjustment" of the ice cov-
er and the river bottom roughnesses. .

Further quantitative study of this phenomenon is required.
Besides, laboratory and field investigations should be carried
out to estimate roughness coefficients of the ice cover.
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ABSTUACT

The present paper deals with the conditions of snow ice
formation: overloading of the ice cover and the appearance of
cracks and openings im the ice through which the saow is flood-
ed by water. The paper contains 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.

69



It is shown that the intensive snow ice formation occurs
in the regions of man's activities facilitating ice cover
flooding water level fluctuations in the upper and lower pools
of bydroelectric plants, ice-breaking and exploding, thermal
openings in ice at the site of industrial waste discharges,

ice holes made by fishermen, etc.

Rivers, lakes and 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 smow om 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 1n the total "gross" ice
thickness is 50% and more.

The main and obligatory condition of snow ice thickness
increase is thick snow cover formation on the ice, wbich causes
ice overloading, i.e. snow weight is greater than the lifting
capacity of the floating ice cover:

h,/o4>hi(f-f’i) (1)

where haand Py - depth and density of the emow cover;
h, and jDL — depth and density of the ice cover.
The second condition of snow ice formation, which is neo

less important, is the occurrence of cracks and openings in the

Derugin
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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 level fluctuations;

(3) man's economic activities;

Thermal deformatioms result in two types of cracks:
shallow fracturing and deep splits. The shallow fracturing is
conditioned by sharp daily changes im the air temperature and
is characteristic for snowless periods, Shallow cracks penetrate
only the upper layer of ice cover, thiis being non-responsible
for water leaking out imnto 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 approximation it may be assumed that
the surface of a thermally 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 followlng equation will be true for a bent

freely floating ice beam:
2

P, «P's, =T,

where the left part presents the sum of bending moments of

(2)

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

force acting at the place of the beam lowering; X{,'XQ is the

Derugin
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distance between fulcra and the beam centre), while the right
part presents the balancing internal tension ( (5't is the ten-
sile force at the beam surface; hi is the ice beam thickmess).
From the hydrostatic balance conditions of the cambered
floating ice beam and geometric relationships we obtain the
«

values P . P, X, , X, , deriving the following equation

after substituting these values in (2):

4 |
Y
2y = 4‘(th¢ (3)

vhere L is the half length of the beam (distance between
=By

cracks), Y;, igs specific gravity water?’fﬁ‘ie_/radius of

the beam curvature ( £ is the thermal coefficient of the

peam linear expansion, 4 t is the change in the beam surface

temperature).

The formation of cracks is probably connected with the
fact that tensile forces at the ice cover surface reach their
critical values, i.e.Gt >G (G is the temporary resistance
of ice to tension). Formula (3) makes it possible to determine
the soortest distance between the through cracks ( L ) for
specifiedG’, R and hi. -

The water level fluctuations cause the formation of bank
cracks. The critical value of lével fluctuations (AH ) for the
known ice thickness ( hg’ ) at which the fracture of a floe

takes place, may be computed by formula

sH=2.8Vh. “

Formula (4) was obtained in accordance with the theoreti-—

cal research made by B.V. Proskuryakov and V.P. Berdennikov.
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Water also comes out to the ice surface through cracks
and holes formed as the result of man's economic activities
such as water level fluctuations in upper and lower pools oI
hydroelectric power stations, ice holes cut oy fishermen,
air-holes in zones of active warm industrial water discrargiag,
construction of bridges and roads on ice, etc.

The process of snow ice formation is divicded into zwo
qualitatively different and strictly successive stages:

(1) Submersion of snow-ice cover by water;
(2) Congealing of water saturated snow.

At the first stage of saow ice formation process it is
necessary to determine the depth of sncw submersion ana sizes
of submersion zone. When water freely comes out to the ice
cover surface, the submersion takes place till the hydrostatic

equilibrium is established, i.e.:

P1+PQ+Pa.@.:P3+P4 ¢

where a is the lifting force of submerged ice; Fa is that of

\Ji
~

submerged snow;f% is the weight of snow above the submarsion
1evel;4i is the weight of capillary water ascending aoove the
submersion level; RLg_is the elevating povier of ailr bubbles in
submerged snow. .

After substitution of values Px’Pz y p5 'PA ’ P‘ s in (5) anc
transformations made, the following squation for computing the
subnerged snow dspth ( hdug) is obtainad.

h _ hJPA—O.O.Slqhz_*a[:L\. s
dub 1.092P « 4 Ve

where;g is the capillary rise of water in sno-:;;J’)A and f% Pe

the densities of ice and snow, respsctively;of is the avara s
<

%58
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water content in 1 cm3 of the capillary fringe; A is she

lifting capacity air bubbles in 1 cm3

of submerged snow.Values
dland A have been determined experimentally: C[c = O.44 g/cm2
(w»hen LLcequals 2 cm to 10 cm), A = 0.03 g/cmj.

If the submersion depth computed by (16) is more than
the snow depth h: (which is senseless), then it should be
assumed that PL = ;14' The submersion is accompanied by snow
settling caused by decreasing mechanical strenght of wetted ice
crystals. The settling coefficient of wetted snow, being the
ratio between the depth of wetted saow layer and the dépth of
this layer before wetting, varies within 0.6 - 0.8 depending
on saov density and some other factors.

Applied to 17 cases of snow ice fbrmation at Klyazma
Reservoir when water was mdre easily goimg out to ice surface
during winters of 1956-59, formula (6) gave a + 2cm deviation
( 1.3 cm for absolute values) as compared with the observed
derth, the sign taken into account.

A free submersion of snow ice cover takes place only
when the air temperature is aboup 0°C which does not last long
in »inter. At low temperatures the submersion level does not
always reach 1ts possible limit since the cracks through which
water goes 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 in submersion process,

The Zormula for computing the submersion zone has been

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

%‘_(Mv)=P (7)

whereM is the mass of moving water, V 13 velocity, p is
driving force, 7 is time.

Water flowing through a capillarj is affected by the
following forces: hydraulic head PH , hydraulic resistancepq
and suction force of wetting liquid P4 .

Introducting values P,, » P’l and Pd inta (7), we
obtain the following differential equation:

d Ay 8 oL
Faz) 5l S5 +g(Hh)-0 @

which is solved as follows:

A
£.30h) (7 e, PR

SI’L T'i (9

where YL is water viscosity coefficient, f)w is water .density,
g is gravity acceleration, ¢. is capillary radius, & is the
distance passed, H is hydraulic head. )

Results of computing by (9) correspond quite satisfactorily
to the data of experiments 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 dependenceés are only applicable when the
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temperature is about 0°C or a little below.

The data obtained from experiments and theoretical
research enable to make several gradations of thermal conditions
and corresponding velocities of water expansion through snow
for.an approximate estimation of the process of snow~ice

cover submersion.

1. At the air temperature of 0°C to - 3°C the motion of
submersion front may be computed by (9). However, the front
will not move slower as it remotes the original source of
water appearance at the ice surface since the front
movement is usually 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.

At the air temperature of - 3°C to - 10°C the submersion
front passes a 6-10 m distance a day.

The air temperature being - 10°%C - 2o°c, the front covers
a 4-6 m distance a day.

At the temperature below — 20°C the submersion of snow

by water and formation of snow ice do not practically
eccur,

The second phase of snow ice formation process is the
freezing of water saturated snow. When computing the freezing
of water-and-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 vater freezing.,




1. The water-and-snow mixture Hae a solid phase (ice);
conseéuently, in the process of freezing 1 cm5 of the mix-
ture will liberate less heat than that of pure water.

2. Heat conductivity of a frozem mixture layer is smaller than
tﬁat of pure water since it comtains a comsiderable number
of air bubbles.

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

& 2 & ‘1 QA
huz-&i_ 4 t(f:f_g ft d-L (10)

where h is the dapth of a frozean layer of water-and-snow

mixture (snow ice); PL is the original thickness of snow ice;

Rliand 7L4 are heat conductivities of snow ice and snow,
respectively; }3L;nd FQ are densities of snow ice and snow,
respectively; is heat of ice formation;ti is the av:rage
temperature at snow surface for selected time interval; T is
time.

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

presented in Table I, satisfactorily correspomnd to the data
of obsérvations made at the Krasavitsa Lake (Leningrad

district):
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Pable 1

Snow ice thickness,

Pre rioad em
designed observed
20.Jan.~1.FPeb.1955 4,5 5-6
8-10 Feb.,1955 2 2-3
10-21 Feb,,1955 13 15-16
20-31 Dec.,1955 13 © 1112

Water-saturated snow usually freezes rapidly, but
sometimes (after abundant snowfall or 4t pre-spring period)
the freezing is prolonged. In these cases it is expedient to
compute freezing or to examine the ice cover thoroughly, since
the unfrozem anow slush considerably deteriorates the working
conditions of passages and sharply changes the character of ice
break in spring.
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ABSTRACT

The paper deals with the process of the Dnlester breaking-
up and ice jam formation in spring. The accepted breaking-—
up process model is used as the basis for determining the
main factors of spring ice jam formation responsible for
jem dimensions at different iears.

These factors include flood flow, ice cover strength
and thickness of ice Jam accumulations in wnter. 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 strength from meteoro-
logical data and £lood 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 betweea the town of Galitch
and Dubossary Reservoir. By the scale and frequency of ice
jam events the Dmiester exceeds even northern rivers. The
floods caused by ice jam overflow the populated areas in
the river valley and bring forth much damage. That is why
much atteation 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 altitudes of 760 m, 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 poquy developed
floodplain. The average gradient varies within 0.1-0.5 %o ,
but at numerous shallows it falls considerably. The climate
of middle Dniester is rather unstable. In winter the thaw
periods frequently occur causing a repeated formation of ice
cover. Sometimes the'ico thickness reaches 50-66 cm.

The Dniester breaking-up starts at the river head and
goes on downstream which makes possible ice jam formation
despite the southern situation of its basirn. Ice jam events
are also determined by the morphology of river bed and valley.
Humerous bed obstacles such as alluvial cones, islands,channel
constractions and abrupt bends hamper the downstream transport

of ice and form the ceatres of jam piling-up. The Dniester

Chizhov -Buzin
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stretch from Galitch to Duboasar& counts 36 places 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. Thesa
accumu. tions do not cause dangerous level rises, but
considerably hinder the ice drift during spring breaking-up
forming sizeable ice jams at many river points (Fig.l).Tke
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 procéss, depending
on many factors. The factors permanent 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 pocﬁliarities of breaking-up. Among
the variable factors the flood intensity, freézing conditions,
ice thickness and others are usually takem into account. How—
ever it is rarely possible to obtain satisfactory dependences
between ice gorge thickmess and one of the above factors.

When studying the Dmniester ice gorges it bhas 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-up of rivers occurs as the

result of interaction between thermal and mechanical factors.

Chizhov-Buzin
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The thermal factor causes ice melting and its strength
weakening, i.e. it determines the degree of ice cover stability.
The mechanical factor is the sum of forces affecting the ice
cover destruction, bummocking of ice floes and their tramsport
along-the river. N

AB a criterion of ice cover stability may serve the value
of its integral strengthi

Q-[f(c)ak W
where % is the ice c';ver thickness, & 1is 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 anestigationa;

In spring the ice cover tramsverse strength becomes
equalized, therefore parameter Gh may be assumed with a
reliable accuracy as an intészal 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
T-jRI-Y & 2)

where | 1is the water volume weightj R is the hydraulic

radius, J is 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
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Fig.l. The combined graph of the Dmiester-river stages,
- 1967-68.

1 - Galitch; 2 - Nizhny; 3 - Zaleschiki; 4 - Zhvanets;

5 ~ Mogilev-Podolsky; 6 - Soroki; 7 — Grusbka; 8 - Kamenka;
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 with spring ice jam events on the Dniester differ from
each other by meteorological peculiarities. At the beginning
of spring flood development an intensive rise in tbmporature
frequently accompanied by rainfalls causes an intensive snow
melt, thus determining the flood wave formation. At 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
lessensd that no considerable ice jam is formed even if the
ice cover thickness is great. The breaking-up like that
above took place in 1950 and 1956. But when during thé flood
formation period the rise in air temperature is followed by its
fall, the weaﬂang of ice strength ceases or is even restored
due to freezing. The situation comes whem the great values
of discharges are combined with those of ice cover strength.
These were the causes for an intensive ice jam formations in
1953, 1954, 1965, 1968 and 1969. '

The breaking-up process judging by observational data on
the Dniester river develops as follows. 7

The temperature rise period initiates the process of

ice cover weakening and water level rise. Shore leads appear

Chighov=Buzin
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and ice tears off the banks., Stream forces cause the temsioms
in the ice cover that concentrate at the sites of ice cover
contact with the banka. 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 torm off the banks,
channel width and meandering. At the places where these
tensions exceed the temporary resistance 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 begimning
for a definite stretch may be expressed as follows:

s £0H)
GhL= f (3

For some points on the Dniester satisfactory dependences
have been obtained (correlatiom coefficient 0.83% - 0.90)
between the stage immediately before the beginning of ice
drift and the ice co?er strength as expressed by the

linear equation:

/%-r_=d,+[(,6/z "'ael‘/ew (4)

where A, is the breaking-up levelj; Hew 1is low water level
in winter, which is a characteristic for autumn-winter ice
Jjam events at the stretch;dq,, a,y, Qp are constant values,

The first ice motion makes the ice cover break into
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pleces, thus starting the second stage of ice breaking-up.
The compression temnsions concentrating at the places of ice‘
contacts with the banks are predominant at this period. The
increase in discharges starts the destruction of ice fields,
bummocks and channel dams. At the same time the ice drift
begins on some stretchcé. As many cofferdams are broken,
large ice masses pile~up above some centres causing hummocks
and formation of multilayered ice conglomeratiocns.

It follows from the above scheme of ice jam formatiom
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 masses; 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
mainlﬂpn the stream velocity and discharges.lt may be thus
conceived that the ice cover thickmess ( H; ) of the ice jam
or level ( a 43 ) of an additional rise on account of the
stream cross section narrowed by the ice jam accumuigtion
is the function of discharge during the spring ice jam
formation ( ;) :

aHs = /'/03) (5

If maximum discharge of the flood wave is assumed as

the argument, then (5) should be put as follows:
A/‘(gé /)-/017701') (e)
Chizhov=Buzin
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wherein the symbol = means that some additional condition
is required for ice jam formation with the accumulation
thickness that may be created by the wave maximum discharge.
During ice jam formation in the zone of channel damming there
arise strong compressive tensions owing to the head of ice
masses liable to hummocks. If the tension in the ice jam
centre exceeds the temporary resistance of ice to compression,
the ice jam will be 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 (64 ). Ice jam formation and its stability is also
greatly affected by residusl winter jams, The value of this
factor may be characterized by winter low water level (Hew )
Hence, the condition for ice jam formation is put as

follows:

aHy=£(Q)< £ (GA, Hew) (7)

This dependence for some points of the Dniester has
been realized in the form of the linear polynomial:

aHy=a.+*a,64 +a, He., (8)

Ice jam rise (4 Hs ) for 26 year observational period
has been determined by the combined graphs of stages,
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parameter 64 has been computed By S.N. Bulatov's methods /1/.

These d=pendences enabled to develop the method for a
short-term forecast of maximum ice jam levels for towns of
Mogilev.-Podolsky and Soroki.

Computations requlyea for forecascing include:
~ computation, 2-5 days in advance, of flooi discharges and watex
levels that could take place in case of no ice jam and ice
cover, by their relationship with the source waters and those
of several ftricutariesy
- computation of ice cover strength by meteorological data.

By checking it was established that computation of G4
for 2-4 days in advance proved impossible due to inaccuracies
of the meteorological forecast. More satisfactory results
have been obtained using the values of ice cover strength on
the day of forecasting, 1l.e. 2-3 days before the flood passage.

It should be noted that the realization of the method
of forecasting maximum levels caused by ice jam has been
favoured by a great number of ice jam forming places closely
situated to the points under study. The longest distaﬁues betweer

fhem enable to consider ice jams on these stretches as having
their permanent places of formation.

Fig. 4 presents the graphs of relationship between actual
maximum ice jam levels (//moz ) and those computed by
developed methods ( Amoax )

Results of forecast quality assessment are given in the

table below.
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Fig 3. Dependence of water level rise caused by ice jam
on the ice cover strength (F) during breaking-up
period; and winter low water level.

1 - town of Mogilev-Podoisky;
2 ~ town -of Soroki.
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Table

Point Number of Correlation Mean Mean a g
serial coefficient square square éi— ?i?s geanre éi
terms by root  root Ou  sdvan— reog o GCaw
which devia- error &8 devia=
dependences - tien of tionaof
have been from  check- level
obtained the ing chetics

stan~ fore- forng
dard casts, advance
»
cm cm Poried
?:Eii:‘g 28 0.90 182 78 0.3 2 155 0.9
Soreki 27 0.92 241 94 0.39 ) 195 Q.48

Forecast is made as follews, When air temperatures become
positive the daily values of ice cover strength and ice thick-
ness are computed by nomograms compiled for the Dmiester; and
when the water levels et the river heed begin to rise,

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

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

mined by the dependence (4)., Fer this date and subsequent
days maximum water levels are predicted.

The relationship between (Jmo~r and G4 is used to
determine the character of breaking-up. In case of the ice jam
breaking-up the maximum level is computed by the following

dependence:

’

//fwa‘z‘ =Q 40!6/7 ‘aiﬂp,,_ ag Ornaz- (9)
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Pig.4. Relations between maximum observed ( Binx) and

predicted (H' ) water levels

1 - the Dniester-river at Mogilev-Podolsky
2 - the Dniester-river at Soroki.




In case of free-from-ice~jam breaking-up the maximum
level is computed according te Quax® If the floed is incapable
of breaking the ice cover, the maximum level is computed by
the dependence:

Hniar= /%w (ac *Q,4 0) €10)

where is the discharge increment since water level begins
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SESSJITON OXK SUBJECT B

Interrelations between River Training, River Canalization,
Low Head Water Power Development, and Navigstion with
Special Regard to Ice Control

9:00 a.m. January 16, 1974

Ch.K.Hurst, Chairman
L.Rékéczi, Co=chairman
H.Kogék, Invited Speaker
(substituted by M.Szelay)

Ch.E.Hurst, Cheirman: My name is Charles Hurst, I em a
chief engineer of the Department of Public Works in Cenada, I
will be scting as chairman for this morning session. The asso-
ciate chairmen is ¥Mr.Rdkéczij I find that we both are collesgues
in the sense that we attended the same university although in
different times. And we have had a few reminiscences about the
geographical part of Canada which we both are familiar with. Pro-
fessor Szalay is substituting for Professor Kozdk who is una-
voidably 111 and is not available with us today. The same rules
of procedure will apply as yesterday. I hope that anybody who
wishes to participate will fill in the proper form and I also hope
that we will have a little more discussion today than we had yes-
terday.

This seminar - as you know - is & combination of two major
sssociations: one which 1s besically an assoclation concerned with
operating and building problems and the other one with solving
some of the problems represented by the other association.So that
rather than have two parallel courses of presemtation of papers
I hope that we will have today some cross-fertilization.

Now, if I can aek Professor Szalay to make a summary of the
papers and introduce the subject.

l.Sgglax Mr.Chairmen, Honourable Guests, Ladies and Gentle-
men!

Before meking my general report I would like to ask for ex-
cuse because probably I shall speak also about problems or raise
questions aslready discussed yesterday in topic C, but this 1s due
to the fact that we have many things in common and there are many
overlappings in_them. And in order to avold your reproaches I ask
for your pardon™cecece

X The text of the lecture agpeared in the separate volume of
General Lecture on Subject B by M.Kozék.
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Ladies and Gentlemen, I arrived to the end of the general
report and I thenk very much for your kind sttention.

Chairmen: I think the questions raised at the end of Mr.Sza-
lay’s report are very pertinent and I think to these it should be
given further consideration. I would add one additionsl one,
through which we came across in the last couple of years and that
is the effect of ice control on envirommental feotors. You may
say: Well, how can that affect the environment? Let me give you
the example.

During the wintertime the flow of Lake Erie through the Nia-
gara River is affected to a considerable extent by an ice boom
which has been placed across the totasl length of the river to hold
back the ice in its natural state. As a result, some people claim
that the ice has been retained in the lake for a comsiderabls
time afterwards, thus affecting the climate in the particular aree
adjacent to the lake. And they have caused some considersble dis-~
tress amonget the engineers who are responsible for this and no-
body really knows what the answer is. Now, some research work has
been carried out, but I would like to raise this question with
you to include those who were listed: how do we know the effects
on the environment of the activities that we undertake while man-
aging ice.

How we come to ths first paper, paper Bl, which is to be dis-
cussed by Prof.Degtyarev of the Soviet Union.

Prof.Degtyarev?

V.Degtyarev: Mr.Chairman! Ledies and Gentlemen! Let me read
the rapor§ 05 W.T.Zhidkikh, senior engineer of the Leningrad In-
stitute of Water Transport, because the author of this report is
sbsent from this symposium¥.......

Thank you very much.

Chairman: Thank you. Are there any questions that anybody
liked %o as think I have a question here from Mr.Giinnenberg.

% P.Glinnenberg: Mr.President! Gentlemen! I have iwo remarks to
make.

In the Germean Federal Republic barrages are protected agasinst
pregsura from ice sheets by sir bubbling. The river water is ful-
ly mixed and is at the freezing point dowm to the ground,so that
no heat cen be transported by the water thus pumped up. Neverthe-
lees a gap in the ice sheet can be held open. The water, between
emerging to the surface and vanishing again under the ice sheet,
is exposed to the cold atmosphere for less than two secomds. I
presume, that this space of time is not sufficient to allow for
an efficient under cooling of that water. Thus the velocity of
growth of the ice sheet towards the gap ie essentially zero.

To effect this, we need about 10 times more sir per second
and metre than the installstions described in the paper presented.

¥ The text of this lecture appeared in the separate volume of
Contributions to Subject B by M.I.Zhidkikh.
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The cowpressors nonsume about 300 Watts per metre of 1 h
of the construction protected. 4C0 Watte would be sufficient to
compensate for the heet extracted from the water surface of a ome
metre wide gap by the cold atmosphere. So I would raise the
question, as to whether it might eagier to instell a cheap
heating device instead of en expension sir bubbling system.

Thauk you!

§ hg Ars there any remarke? Would you care to comment
on

G.Ashton: My nawme is Ceorge Ashton from the Cold Regions Re-
sesrch an ineering Leborstory in Hanover, USA.

The discusser has raised the interssting question concerming
whether the power vended in e pneumatic installation could be
better used direct heat application to melt the ice. In sowme
cases thia msy very well be " ularly if a ne ble
thermal reserve is availsble, as aoften the case in river in-
stallations. In other cases, l':onvu-. the energy transported end
delivered by s pneumatic installation far exceeds the snergy in-
put. It should slso be pointed cut that in extended instsllations,
such as used to suppreas ice in navigation chanmels, there is
often a denger of premsturely the ¢ reserve.Very
much needed are togg-utnro measurements with good resolutionm, of
the order of 0,01 °C, since very small water tempersture differ-
ences may often sccomplish uifli.ftcut ice suppression if euffi-
cient volume of water is moved.

Cheirmen: Thank you! Kennedy from the United States!

J.F,Eermedy: I would like %o back mp the point made up by
our German colleague concerning the usa of these bubblers in Tiv-
ers where generally the temperature stratificetion is very small
or zero, there is simply the game t::{tntm from top to bottom,

and in these cases the bubblers w by not transporting heat to
the surfacs but by bring in a continuous supply of ice-free
water to the surface. And it passes over the surface before the
ice crystels conglomerate end makes more ice. Consequently, I
gnut:lua the spplicability of the heat transfer calculation to
he situation., Becguse thia is not & question of cooling the wa-
ter to the freesing point but rather a question of convecting the
orystals psst the open ares before they can form an ice sheet.
Secondly, in this caese, I think, one should k-og in mind that the
bubbler-syatem is li.koiy to increase the oversll ilseproduction im
8 reglon beceuss you ere meinteining a reasonable ggon water for
heving more hest transfer with the atmosphere and then in this
cass one must compars the emount of emergy input through the bub-
bler tem, snd include the transfer from the air to the waster,
with the increased open surfece ares and hence tu greater possi-
bility for hest transfer to the area. So, you may su 8 ice
formation locally but cause more overall ice production. Finelly,
a8 concarns the energy efficiency of such systems, I question
ther & pneumatic system is in eral the moat efficient.Car-
tainly, it is perhaps more comv t that you muast provide just
one en source end then distribute the air. However, we wust
recall at these systeme ere doing. They are in cfftc% acting as
pumps. Which are br water from one leval convecting past
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the surface. Now, an air-rise pump is & very inefficient pump.
And I think, in general, & more efficient system involves direct
pumping of ihn water. Afto,r ell, in order to compress air %to the
pressure near under the water you must do a rather large amount
of work on it. And ell of that energy is lost then when the air
escapes from the surface. Whereass, simply to bring water from one
elevation to another within the same body of water will cause
that you work omly ageinst the small smount of potential ene:
difference due to stratification and that is very~very small bu
you must end against the friction of any pip that might be re=
uired. But you do mot have to put the emergy into the fluid which
8 lost as you do in the case of air which is released from the
water due to a lower pressure. Thank youl

C : Thenk you Dr.Eennedy! Are there other com=
ments at ol these comments relate to the question of the pro-
tection of hydraulic structures. I wonder if there is any work
done on the gou:l.buuy of using this e of whether it is pumps
or whether it is pneumatic systems or tenance an ice-free
chennel. I know that the National Research Council in Canada has
carried out some experiments a few years ago on bubbler systems
in the Arctic, they were successful in two other cases in keeping
ice away from structures, but this wae based on heat transfer. In
the third case there was no heat at all in the water and there
was no abllity there to maintain an ice-free operation. Well, are
there further comments on this particuler paper? we move to
paper No.B2? Which was prepared by our Rumanian colleagues. I
gather that there are no people here from Rumania, is there any=-
body available to present that pagor? Or is there enybody who
wishes to make any comments on it

g,rcgkoué; Mr.Cheirman! Ladies and Gentlemen! My discussion
is connec o paper B2. I em sorry that the suthors are absent.

The problem of ice control in the backwater zone can not be
solved by ice breakers only, as it is mentioned in the paper B2.
The ice regime hes to be controlled simultaneously by the action
of ice breakers end overflowing the dam, in order to increase the
slope end flow velocity in reservoir.

As it is well lkmown, the river demming specially aggravates
the ice regime in the upsiream zone of besckwater. In the concrete
csse of Iron Gate reservoir, the large populated snd industrial
areas are situated in this zone. On a basis of this, it could be
concluded that the protection of these gogulnted ereas is more
important than the onnrg! losses, cause overflowing the dem.
Thus, in this case and all cases, the only method of ice
control consists in correlated action of ice breakers and de-
creasing :t n‘lbu' levels in reservoir by overflowing.

Thank you

: Is there anybo’d.l who wishes to comment on the E“t
comments en can we proceed to the dilscussion of paper B3.
understand that Professor Zvorykin is to dilscuss that paper. 4And
after this peaper we will have ocur bresk. So, Professor Zvorykin!

K.A.Zvorykin: I em Zvorykin, USSR.
Mr,.Chairmant Ladies and Gentlemen! I heve s short addition
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to peper B3 "On Porecasting and Control of Ice Comditions in
Shiplifts™ that is presented by my Soviet colleagues Dr.Pekhovitch
and Dr.Shatalinas who unfortunately are not present.

. Investigation of the ice regime in shiplifts is essential
for the selection of the optimum service conditioms. Comparison
of the three types of gervice conditions reveals that the amount
of growing ice is the minioum when the shiplift chamber is either
drained and exposed to the swbient air, or submerged in and fil-
led with water (the second type of operating conditioms). Such
"dry" hauling of ships is conducive to ice production over the
chamber walls through cold accumulation in sieel (the regenera-
tive ice formation scheme).

The currently adopted technique of hauling of ships in a wa-
ter-filled chamber has certein disadvantages from the viewpoint
of winter operstion. In this case ice production is attributable
to simultaneous regeneration of cold in the chamber walls asnd re-
cuperation of cold when the chamber is exposed to the ambient air,
which results both in the increase of the chamber weight owing to
icing of the outer chamber wall surface, and in the decrease of
its cross-section.

The structural features of the shiplift chamber have a con=-
glderable effect on the character of ice formation. Whem calcul-
ating freezing-over of actual engineering structures it should be
borne ;n mind that stiffening ribs induce local ice accretion up
to 50 %.

In calculations of ice thiclkmess account must be taken of the
wall thermal resistance R, including the effect of stiffening
ribs

1l - Bi

o

R,-L-R°~

where Ro is the thermal resistance of the wall, with the effect
of stiffening ribs neglected;

Bi is the dimensionless geramatar considering the effect
of stiffening ribs and depending on the shape, dimen=-
gions and spacing of the ribs;

of 18 the heat-transfer coefficient from the ribbed wall
gurface of the shiplift chamber.

In regions with strong winds prevailing icing of the chamber
may be also due to epraylng of water over the walls and wave ac-
tion. The experiments conducted by the authors demonstrated that
the ice production rate for ice growing in thin layers over the
chamber walls may be very high as compared to that when the input
of cold is affected at the expense of heat conduction.

Thank you!

Chairman: Thank you, Dr.Zvorykin! Are there any further com-
ments on this paper? Possibly we could break for - I would say =
a half an hour, which seems long enough. And could reconvene here
at a quarter to 11, please.

C%;irmnn: I have been asked to change the order of presenta-
tiom. .ozenti who is the author of paper Bl6 would not be
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aveilsble for discussioms this afternocon sc has asked if we would
allow him to participate this morming. And if there are no objec-
tione I would now like to ask Mr. 3zenti to tske the podium to
present his peper.

J.Szenti: Mr.Chairman! Ladies end Gentlemen!

The presence of ice causad significant floode on the lower
reaches of the Hungarian section of the Dsnube River, on a reach
about 100 km long upstream from the Yugoslavisn border, morsover,
in 1956 e catastrophic flood occcurred.After the latter, when in
the diatrict of the town of Baja more .than 20 levee failurea oc=-
curred on both sides of the river and the levees were overtopped
on long sections more km long, active fload tection basad on
ice-breaking methods has besn conducted by the Hungarian Water
Management Service. The ice-bresker fleet has been created in the
past decade. The direction of the ice-breaker fleet is a rather
complicated task requiring the development of evailable informa-
tion. In order to operate the fleet in the most efficient way it
is indispenssble to know the amount of the floating 1“,..%. the
numerical parsmeters of the process in concern. Taking into con-
siderstion these facts, mew kinds of ice observations have been
introduced in 1971. Instead of the visusl observation of the
river’s ice cover photogrsmmetric observations carried ouit from
elevated points have been introduced. Ice thickmess is measured
from ice breskers properly. Besides introducing objective instru-
ments of observation the way of wessuring wsas established in or=-
der to obtain statisticasl samples. Ice thickneas is determined by
30 observations per day while the ice cover is observed by ten
delly photos at each of five stations. The velocity distribution
of the moving ice can slso be determined by knowing the intervsls
between taking the pictures and enslyzing the same. Prom the bas-
i1c values obtsined in this way the most lmportant pasremeters of
the ice regime - the ice yield defined in a guite snslogous way -
can be determined either in squ.metres per seccnd or cu.metres
per second. Data are supplied together with their mathemstical-
-gtatisticel psrameters. In poassession of these data the process
of development of standing ice can be forecasted with high reli-
sbility. this way, the chersecter and time tgble of the dice-
-breskers’ operation can be defined. Details of caelculating the
ice yield are containmed in the peper. It is not intended to de-
monstrate how the observations sare carried out end the deta pro=-
cessed. Namely, participants of this symposium will have oaortu-
nity on Pridsy to see thea ice-breaker fleet as well ss to ac=~
queinted with the methods of messuring and processing. The auto=-
matic, electronic instrument cslculating the ics cover from elec=-
tric data of a television monitor will also be shown. This highly
precise instrument will be devaloped in the wey that it should
also produce yield data without any caslculstions by hand. Should
anybody of the participants be interested in the details of this
process, we sre glad to -ugﬂ.y this informastion during the study-
-tour to Bsja on Pridey. Thank you very much for your sttention

g%%ﬁm Thank you Mr.Szenti. Does anybody have any ques-
tions ey liked to mesk or any comments they wished to make?
Well, then thenk you very much! We loock forewerd om seeing you
on Priday. Now, we will return to our schedule and paper B4 - I
think, if my information is correct Dr.Sokolov ie to speak on this.
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I.HE.Sokolov: Mr.Chairman! Ladies and Gentlemen!
I went to give soms pdditlonal information on paper B4,

Some additional data on the ice conditions in the Yenisei
River downstream from the Krssnoyarsk Dam are pressnted.

Winter water temperatures in the Kresnoyersk Reservoir re-
aching 100 mw depth near the dam are relatively high. Whils water
temperatura in the upper layer under the ice cover ies nesr sero,
in the bottom layers it reachea 3.4 to 4 °C. In winter the water
temperature immediately downstream from the dam is about 2 °C.
The temperaiure of the water discharged through the bottom out-
letes is higher than that of the water d ad through the ture
bines, since the bottom outlets are located at an elevation 50 m
lower then the turbine intakes. The higher located furbine in-
takes select cold water from the upper layers of the ressrvoir
while the bottom outlets draw warm water from the deep water lay-
er'B.«

In January through Merch the temperature of the water dis-
charged from the bottom outlets was 2.32 fo 2.50 °C,while for the
same period the tempersture of the water discharged through the
turbines (drsft tubes) was 2.14 %o 1.63 °C.

The temperature difference of the discharged water through
the turbines end the botiom outletas in J was 0.18 °C, and
the end of the winter it amounted fo 0.87 “C. With incressed
diecharges this tempersture difference decresses, bascause in this
case tl;:d water ig drawn into the turbine intakes from the entire
water ¥

Early in winter during the first year of the plant operatiocn
there wae an ice-free ares over 200 km long downsiream of the dem.
Late in Jemuery, when air temperatures dropped very low,tha poly-
nie reduced to 57 km and then, as the weather grew warmer, it be-
came &g hmu.mm:pluthmumthgpomhm—
creased rapldly. Thank you!

irmen: Thank youl Are there sny comments on this paper?
¥r.Teang

G.Teeng: I sm G.Tsang from the Cansda Center for Inlsnd Wa-

It 18 good to releesa comparatively warm water from a re-~
servoir tc incresse the lengih of the ice-free sirstch down-
stresm from the reservoir. However, this increase in discharge
will incresee the thickness of the ice cover further downstiresm.
Field investigetion in Cenada (report in a paper by Tsang and
Zeues at the ITHD Symposium in s Censda, in Sept.1972) show=
ed that s winter ets in end the rate of discharge subsides, an
ice cover will form and slowly ssg with ths water level. During
this period, the growth of the ice cover is slow and it thickens
on g-&:eiiuiwnlhorlo. This is because ice is a bad

heat conductor. With a snow cover further on the top, the loss of
heat from the ice cover can bc greatly reduced. However, if thera
is en increase in dischargs, especial when the rate of discharge
ineresse is sufficiently rapid so the ice cover instead of float-
ing with the water surface end deforming plastically, i1t will
ocrack snd water will come up from underneath and floods the then

tars
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concave ice surface. Once exposed to the cold air the water and
the melted snow will quickly freeze and increase the thiclkmess of
the ice cover. For the saeme smbient temperature, we found from
our experiment that the ice cover can increase 10-15 cm in about
two days. In fact, flooding snd freezing is a major factor in the
growth of a river ice cover and it i1s greatly affected by the
stage hydrograph.The strength of the ice cover formed by flooding
and freezing is also higher than the ice cover grown by the freez-
ing of the welted smow only becsuse of the reduction of gaps in
the ice. Therefore it presents more problem for ice bresking,etfc.
Based on the above, it is of my opinion that we must take the
downstream ice thickening into account and plen very carefully in
any scheme of extending the ice-free stretch by increasing the
discharge from a reservoir. Thank you.

Chairman: Thank you! Mr.Sokolov, would you like to comment?
0.K. Oh,my colleague would like to put a questionm.

M.Szglay: In this paper and also I think in other papers al-
lusion has Deen made to the fact that i1t is desirable to withdraw
water from the deeper layers where the temperature is rather high
then it 1s near the surface. I myself do not see what measures
cen be taken to fulfil such a requirement if ome has to conduct
water through the turbines. In the case of weirs of course there
is a possibility to open it at the bottom or om the top. But in
case of turbines I would like to know how this goal can be achi=-
eved? Thank you!

Chairman: Ie there asnybody to answer Mr.Szalay’s question?
Dr .Kennedy

J.F.Kennedy: Thank you! Concerning the question raised by
Dr.S5zalay 1 wou find out that at a new, rather large dam in the
United States, the Oregol (?) Dam, which is part of the Califor-
nia water project, they have instelled a very extemsive and expen=-
sive release device which mskes it possible for them to take wa=-
ter from different levels in order to get the desired temperature
downs tream required for the fish. In this cese, I think,it is not
a question of releasing water through the turbines but Just to
withdraw from downstream release. In general, one does not have
too much latitude in specifying the depth of intake except that
fortunately the dam is at the deepest part of the reservoir usu-
ally so you can I suppose to make some sort of tower-intske with-
drawal very close to the bottom. I would like to rsise another
question though related %o Dr.Sokolov’s presentation end to ad=--
dress it to our Soviet colleagues in general. In your paper you
present en equetion for calculation of the length I of the ice-
=free reach. And this involves the introduction of 5, +the heat
transfer. I would like to ask if there are available any publica-
tione describing the Soviet practice for calculation of this heat
exchange rate. This is a problem of very great interest to many
of us and we would like to learn more about the details involved
in the Soviet practice for the calculation of heat transfer from
water bodies to the atmosphere.

I am interested 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 very nice monographs on particular
questions. So my question is, whether & moncgraph of this type
or extended work describing Soviet practice has been prepared?

Chairman: I presume that this question will be taken under
the advisement of Dr.Kennedy. Are there sny other comments? With
reapect to this paper? If not, cen we move to paper No.5. Profes-
sor DoleXsl? Is he here? Is somebody here to discuss paper B5 =
"Tranaverse Flow in the Upper Approach of a Sluice Chamber Close-
ly Joined to a Weir"? Well, in the absence of any to discuss this
maeybe we can pass on to paper B6. Dr.Kontur, are you willing to
comment?

Gy.Kontur: Concerning the ice condition over the Hungarian
atretcg,of the Danube the gage-records of the Budapest Gaging~
-gtation sre available for the lest almost 150 years. According
to this, 22 % of the highest floods were csused by ice. It is
however more illustrative to investigate the causes of the 23
highest peak stages within the geriod. According to the data, in
15 cases, that is in more than 60 %, the reason wes found to be
ice.

The lest great ice-flood rumning down the Danube in 1956
caused meny breaches over the stretch downstream Budapest. Owing
to ice jams the river-stage surpassed the hitherto observed high-
eat lcefree stege by 300 centimetres. On the other hand, down=-
stream the jam the hitherto observed loweat water stage has been
attained at the river gage Vukovér (1333 km), it was by 98 cm
lower as compared with the recorded lowest ice-free water stage.
This phenomenon can be highly disadvantegeous from the point of
intake works.

Hungsry has fortungtely a strong and efficient water menage~
ment organization. It 1s due to this that following the disastrous
flood in 1956 a forceful dice~breaker fleet could be created
within a few years, which could cope not only with the ice jams
over the Hungarisn but also over the Yugoslavian Dsnube stretch.
It should be added, however, for the sake of historical fidelity
that cold winters like these of 1956 or 1940 have not occurred
-aver since.

The objective of my contribution is to investigate what fa-
vourable aspects could be considered in the future in ice forma-
tion over the Danube. Owing to industrialization of the country
cooling water demand is steadily increasing. The higher temperat-
ure of the return flow may be responsible for the fact that the
temperature of the Danube water between Budapest end Mohdcs is by
1 to 1.5 °C higher. This value will markedly increase at putting
into operation of the thermal power stationms.

The cooling water demand of a& 4000 MW power statiom 4s 200
to 210 m3/sec which is & quarter of the Danube low water dis-
charge. The temperature of the return flow is higher by 10 centi=-
grades, Only & single such power station requires round 18 wil-
lion m3 water a day. This thermal quantity is theoretically suf=
ficient for the melting of 2 million tons of ice but even with an
efficiency of 25 to 30 % it is able to melt 500 to 600 thousand
tons of ice. The efficiency can be increased by leading the cool-
ing water through the turbines of & hydroelectric power plant.

105 Subject B



This is slso good for the en increase of the weter. There-
fore, I suggest this method established eglso on the Denube
River,

According to my recommendation,the Denube Barrage projected
@t Pajes phould be placed end constructed at the t{hermel power
station et Paks which would improve the cooling water diversion.
Aleo the backwaeter dammed up over asbout 100 km would make naviga-
tion more favourable, improve the ice conditions of the river and
of seversl intake works, so smong others, the realization of the
shortest Danube-Tisze Canal.

The complex utilization of & Danube Barrage will be advanta=-
geous from the economic ugent but owing to the multitude of our
water management tasks could only be realized, in my opinion, if
the investment coats can be charged sgainst future generation.

One of the gouibh means could be the selling of the annual
energy of about 600-700 million of kW hours to be produced and
otherwise loat at about 1 Pt/kW hour consumer price and to spend
the sums so incured to commodity export to the reimbursement of
capital end interest retes to the creditors. Thank you and excuse
me that I disturbed youl

; : Thank you Dr.Kontur! Does anybody wish to wake sny
comments on s particular peper? In that case paper B7 on the
investigations on the Interrelation between Riverbed Configura-
tion end Ice-Drifting by Mr.Msntusno = I do not think he is here=
doss anybody wish to comment on that paper? I understand,this was
written in Prench. Anybody who wish to make comments on itz

The next paper, I slso understand the author ies not here. B8
- Regulerities of the River Bed by Msane of Canaliszation. He will

not be here. Does enybody wish to comment on this paper? Fine.
The suthora of the next two uz;rn sre not hers ei end unless
somebody hss some comments on them we get passed to Bll.Does eny-
body wish to comment on ... Yes.

varez: I want to make two comments to the formmla
presente of.Chee in his paper B10. That formula has No.7 on
pege 76 of the proceed - Pirat if wa consider & constant depth
with maximum scour around an sbutment st low velocities it is =
function of that velocity. But after certain limit this scour re-
mains more or less fixed and ias independent, of velocity. So it
is not possible to extrapolate thie formuls beyond the limita
described in the paper. Second, the meximum depth around an abut-
wment depends on the shape of the wall of the sbutment, e.g. if the
glope im 3:1 the scour is more or lesa 50 % less than the scour
used for an sbutment with vertical walls. So the formuls is use-
ful only for the shape that Professor Chee has proven. And for
the same resson it is not useful for practical uses. Thenk youl

Chairman: Paper Bll, Mr.Matonsek?

v
V.%t#uki Mr.Chairman! Ladies and Gentlemen! Qur rivers
with production ceuse often difficuliies around structures.
In the impounding reservoir from which the water im tskem the
frazil accumnletes clo, g the inflow to the intsking equipment,
Due to our inpufficient knowledge on the winter regime in the rive
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era 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 xriver
stretch with intensive frazil formation. The impounding reservoir
is completely filled with frazil. The proposed protective measure
ooneists in catching the frazil in front of the pumping station
of the reservoir. The impoundment of the water was achieved by
congtructing the reservoir dams having fixed weirs.

(Slides projected.)

The first dam is located 3.5 km upstream of the pumping-sta-
tion. The new coffer~dam was built by placing stones on the Dbot-
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 bullt in one layer using boulder-material.
The dam surface was finished with small stones to permit the
trenaport of lorries.

So is the dam after its cocpletion.

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.Its shape
is shown on this slide. It was built in the same way as the first
one.

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 suitably place
ed. The channel here is wide with moderate bottom slope.Even with
a significent height of the dam a large capacity of the reservoir
wag achieved. The low velocity of the water in the reservoir leads
to the formation of an ice cover in the first deys 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-
gtream. The first dam with approximately the same construction
costs exhibited a much greater effect. For the performance of this
reservoir the placing of the dem is of paramount importance. The
advantages of this solution are low investiment costs and the pos-
sibility of an easy and rapid construction. However, it is only a
temporary solution. The experiences 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~
$ion!

Chairman: Thank you! Are there any comments or questions on
this? Dr.Tesang would you take the microphone please?
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G,nggs: Frazil is formed in waters of high turbulence,
whether the bulence is from the surface waves in came of &
lake or from the fast flow in case of a river. Once frazil is
formed, it tends to float to the surface. However, the turbulence
in the water brings the frazil back to lower laysrs until a state
of equilibrium is reached. It has been observed in Canada in Leke
Erie that with high winds, frazil can be found at = depth of more
than 10 m. The water drawn in by a Cifty water trestment plant at
a depth of 10 m has been clogged by frazil several times. A wey
to reduce frazil concentretion at a lower layer is to reduce the
turbulence level, by which the frezil cen float to the surface.
The level of turbulence can be reduced by reducing the flow velo-
city. This, in fact, is the method of frazil control by the pre-
sent paper. Understanding the sbove, I would say that the weir
reported by the paper will work if there is no wind and 1f the
velocity of flow prior to the building of the weir is not too
high. However, in windy dayes or on deys with high discharge rate,
I wonder whether the weir still works. Therefore I would like to
know the operational experiences from the suthors. Thank youl

Chairman: Would you like to answer, Mr.Matousek?

V.Matoudek: As an snswer, some data are given in my paper
and we did not finish all work in this problem, we did not finish
our report. .

Chairman: It seems to me that we are proceeding in a rather
rapid rate end I hoped that we will have more discussion in this
morning. Paper Bl2. Is the author here of that paper to discuss
1t? Is Dr.Dole¥al here? No? There are some, I believe Mr.Lawrie
from Caneda has some slides which would be very interesting. I
do not know how long it would taske for you to project them?Could
they be put on now? I think these sre very interesting slides
and I thought we could do those before lunch.

Ch.J.Lawrie: Yes, Mr.Chairman, you have got me a little bit
unpraparea Lkere, taking me by surprise.

Ledies and Gentlemen! A have a number of slides of the comn-
ditions on the St.Lawrence River showing some of the problems we
sre encountered at us. And some of the methods we used to control
the ice problems. Incidently, I have with me a copy of & report
that I did prepare some time ago on these control messures and I
am pleased to send a copy enybody who wish to have them. Just
leave your address and nsme with me and I will send you a copy of
that report. Today I would like to talk sbout but only one sec=-
tion of the St.Lawrence which you know streches between Lake On-
tario and the Atlentic Ocean. & distance of about almost 2000
miles. I want to concentrate only on ome emall section. A 60 mile
long section between Montreal and Quebec City. This is a section
where we encounter most of the problems. The section below Quebec
City 1s open to navigation all year round. Ships do get escort
from our lce~breakers and we have no problem really in reaching
the port Quebec. We have gquite a number of problems bhetween
Quebec City and Montreal which require extensive use of ice-
-breskers and ice booms and other measures to control the ice.
Upstreesm of Montreal in the section kmown as the St.Lawrence Sea-
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way this is closed for the winter season. Normally it closes about
the wid of December and is openmed again in April following year.
There are a number of people here from the St.Lawrence Sea-wsy
Corporation who wish to comment on that particular section later
on. I am going to approasch this in three different aspects. The
first set of slides will deplct some of the ice conditions we ex~
perience on the St.Lawrence River, on the second set of slides we
will see some of the lce breaking activities and thirdly we will
look at some of ths other measures we use for controlling ice,
specifically the uss of ice flumes and ice control structures.

This is a general location map! And the ares, the sector I
am going to talk about is red between Montrzal and Quebec City.

This is & picture of the situation in Montreal Harbour some
years ago, you can see the considerable amount of packing and
shelling of ice, very difficult ice breaking conditions. This is
what Montreal looks like in an open sesson. This is the bridge
where the river narrows at Quebec. Here the river is deep appr.
50 metres as opposed to an aversge depth of 10 metres in the nav-
igation chemmel, but it is very narrow, only about 800 metres
wide. It is a tidel section and the tidal range is of the order
of 6 metres. The problem here 1s that we can only break ice in
high tide, when we can get rid of the ice more easlly. These are
representative plctures showing the navigation channel msintained
by ice breskers in the reach from Montreal to Quebec which 1is
about 50-60 mile downstream of Montreal. This is the situation
which developed in the winter of 1968. When we had a very serilous
jem in the narrows at Quebec., At the bridge. This is the same
bridge you have seen where the river i1s very narrow. We had a very
gerious Jam there and the jam reached very quickly Montreal. And
it took until the end of January to free the way for navigation.
Thet 1s the channel through ome of the lake sections of the riv-
er. Very nerrow, and you can see there in the right~hand corner
where the ice keeps breaking off end just below there is a nar-
row section where these big pieces of ice break off from the jem
in the river. I shall epesk sbout this a little bit later.

That is much the same plcture. Here you can see on the right-
~hand side the ice booms we have installed there. This 1is Quebec
City with fairly heavy ice cover in the harbour, you carn see the
open stretches in the river downstream in the background.

This is the terminal of the Golden Emgle 01l Co. in Quebec,
this is Just acrogs fthe river from Quebec City. We do get tankers
bringing oil up to Quebec during the winter time.

The same picture. The 01l Terminal. Here is one of the Cana-
dien Pacific Comtainerships with the ferry crossing in the fore-
ground.

Here is one of our ice~breskers, this 1s the Mcloud Rogers
(?) attacking the ice jam just above Quebec.

This is the ice-breasker working et Montresl. These are one
of our helicopters and we have again the Mcloud Rogers in the”
background. You see it 1s e quite of considerable amount of ice
packing there.And in very severe conditions the ice is packing down
to almost the complete depth of the river 10 metres in places and
one of the problems has been in the past to mainta'i a channel in
this particular reaoh of the river to prevent flooding of the low
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lying aress. And up to some years sgo this wes a regular opera=
tion of the ice-breaking fleet. More recently, we have recognized
the need for ships to move into Montresl during the winter season
and we do assist all ships. When they get tied up in the ice.

Here 1s & very distinct situation where we had s very severe
push or shelf on the ice cover. And alego it coincided with a very
heavy snow-storm. This makes ice-breaking particularly difficult
because of the frictional effects of the snow.

That is an ice-bresker which develops about 13 000 SHP,There
is a system of ice=bresking where we use the heavier ice-breaking
to these ships and following we use the smaller ones on both sides
of the channel.

You see here again the Mcloud Rogers 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 there was quite a
lot of apprehension about the construction of this site. And the
narrowing of the river channels - the flood situation would be
woree when thet was completed. And to prevent this we 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 fromw Leke St.Louls this would tend to jam in the harbour
as you saw from one of our first slides and flooded this area.The
principle of placing an ice control structure here 1is to assist
end promoting earlier ice cover in the basin and allowing the
frazil and broken ice to come down and be stored under that cover
for most of the winter. Therefore, preventing this ice from mov-
ing into the harbour and creating an ice Jam.

This is a picture of the (......) Raplds to which I referred.
There is & tipicael winter situation with the ice-control struct--
ure end the (ssesss) Basin and the ice-control structure behind.
You noticed that very little ice comes out below the ice control
sgructure. On the low part of the picture you see the (eesess)
Channel.

That is a general view of the structure, incidentally it is
but 821 m in the length. These openings, there are I think sbout
81 of them and they are closed by steelbox-girder type of booms,
that is a very sophisticated type of ice boom. These booms ere
about 1.8 m by 1.2 m in section and they are approximstely 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 eres dropped in by the two traveling cranes here, es-
pecially adopted to pick them up, move them ocut snd put them on
the appropriate site. And then they float up and down on the wa=-
ter.

These guides ere heated so that they do not freeze in any
position.
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This is Just a plcture of the ice coming down end flowing
against the pler. Ice thickness we get is normslly, say, ebout 30
cm or so. This 1s what happens when we get a large ice~floe which
comes down and sirikes the structure.These stop-logs are just
knocked out completely away from the structure and the structure
seems t0 be really damaged. So we have to be very careful in
placing these logs that they are not exposed to a severe attack
from the large floes coming down from the basin. Which cen happen
if there 1s a change in weather condition or perhaps a change in
the water level situation.

This 1s taking some ice thickness measurements in the basin
just ebove the structure and you cen see they are also taking
gome veloclty measurements.

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

This 1s so designed that when placed in a section where the
veloclty does not exceed about 2 feet per second that will retain
to form an ice cover. If the velocity exceeds this then the flow
tends to exceed the boom until such a condition has been stabi=-
lized again that the velocities are reduced and the booms come up
and it helps to form the cover. You see that some of these logs
are damaged; they are just about 10 m im length.-

That is a tipical formation of a boom and most of the ice
has gone. This 1s & situation in Msrch when the break-up has al-
ready started. You see the fact that the boom has. One of the

_main purposes of the boom in this particular aectiom of the river
1s to help to retain the ice cover on elther side of the navige=-
tion channel. Our experlence has been that ships navigeting
through this section, there is a tendency to generate waves by
the ships for the ice cover to be broken up in large masses.These
float down into narrow sectlons of the river and very quickly
create an ice Jam.

Here you have some of the larger pleces that have been bro-
ken up and are being retsined by the booum.

Here 18 a picture of a flooded artificial island. This is
another means that we have used to try %o stabilize the ice cov-
er. We placed those 1slands in fairly strategic localities to try
to form an anker for the ice sheet.

And where possible and where it is strategically advisable
we place our navigation alds on there. These sre in relatiom to
Lake St.Peter which I mentioned before, widening out the streich
of the river below Montreel into a lake section waich is about
20 miles long,8 miles wide, relatively shallow, only about 3 w in
depth in average,with a channel depth of 10 metres.

Thess are very exposed and we got the same sort of problem
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 1s a general picture of the same islend. That ig all.
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I hope this gave you a very idea of what we have tried
to do in the St.Lawrence Ri w would be very pleased to hend
these out if you wished to 'l 8 copy.

: I think it would ww a ewplo of minutes until
anyb to make or ;ﬁ ug of question on this.But we
ere ur,y elm to our clock and I think there is an announcement
thet has to be made. Do you want it right now?

0.Starosolszky: Ladies and Gentlemen! The participants who
are interested to get a preprint of the mtm: Prof.
from yesterday are requested to get it at the ormation desk.
The second announcement is thet the Ladies and Gentlemen who are
interested to attend the v portm& of the
Polks Ensemble or Danc Ensemble are requested to collect the
szell paper,not the h!i ation but the ;;;, concerning thie per=
formance. In the same way at the informat desk. Thank you!

Chairman: Now the meeting is adjourned until 2 o’clock.
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SESSION ON SUBJECT B (Continued)

2:00 pem. January 16, 1974

JeAc.Maza Alvarez, Chalirman
K.Stelczer, Co-Chairman
M.Kozdk, Invited Speaker
(substituted by M,Szalay)

JsA.Mazg Alvarez, Chairman: Ladles and Gentlemen! We con-
tinue e acugslons of papers on Subject B.

Let me introduce myself. I am Antonio Maza Alvarez,professor
of the National University of Mexico and Head of the Experimental
Engineering Department of the Ministry of Hydraullic Resources.

. My co=chairman 1s Dr.Stelczer, he 1s the chairman of the
local organization committee of this symposium and director of
the Research Institute for Water Resources Develoyment (VITUKI).
Unfortunately I do not know anything about ice problems,in Mexi=-
co we do not have, the only that I know about that is to eat ice
creamse But fortunately all of you do know a lot about such prob-
lems and I hope that most of you will explain us your experien-
ces in your practicel work that you have dome 1in mathematical
models. First I would call again for some papers which have not
been presented this morning.

Let us begin with B5 "Transverse Flow in the Upper Approach
. of a Sluice Chamber Closely Joined to a Weir", by Prof. DolegZal.
I suppose that he ig in Budapest. Is Prof.Dolefal here?
Or Skalicka?
Also I wanted to call for paper Bl2. I supposed that Prof.
Dolezal was here. It is a pity that he is not.

Well, then we start with the presentation of paper Bl3
"Studies on the Extension of Winter Navigation in the St. Law-
rence River", made by René Ramseier and David Dickins.

DoDickins: Mr.Chairman, Ladies and Gentlemen!

The St.Lawrence Seaway is closed for Navigation from mid De~
cember to about April 1, However, technical improvements like ice
flushing systems, heating of the gates and ice diversion chan=-
nels made possible a significent seascn extension from 234 days
in 1960 to 260 days in 1970. The best hope for further extension
to the season lies in improved methods of combatting ice forma-
tion at the beginning of the season coupled with an improvement
in breakup date forecasting tu enable optimum use of any naviga-
tion day. )

Thig first slide is a very general view of the geography of
the Bastern Canadian coast and you see the Seaway here from the
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gulf 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 segmentse. The first segment starts at Montreal and
ends here while the upper segment goes up to lake Ontario in the
upper left cormer.

With the ultimate goal of constructing a model we wanted to
predict ice conditions in the Montreal - Lake Ontario Section of
the Seawaye. The Department of the BEnviromment 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
necessary information. However, all thickness and distribution
measurements will be made by remote sensing by the coming next two
yearse

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

Thig glide is not a false colour infra~-red imege, it is Just
a usual aerial photograph showing the very dynamic movement of
the ice at the Lake Ontario entrance with dominant South-wesgterly
winde blowing the ice from the edge of the lake into the St.Law=
rence Biver. You can see floes here passing by the 1light-house
here at left in the cormer,

To provide a flexible aerial system, well independent of the
surface snow-=cover we intended to use a combination of side=look=
ing airborme radar and passive microwave radiometry. In order to
develop this system we prepared maps of ice type distributions
throughout the winter.

In 1974 a unit operating on a frequency of 9 gigaherz will
be flown between Montreal and Lake Ontario by helicopter record-
ing once a2 week ice thickmess continuously. This will be supple=
mented later by 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 small vehicle we used to check
ice thickness. This was Just a prototype model of the radar. The
actual airborme packages are undergoing different trials at the
moment.

This slide shows a typical 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 varying from 3 to 16 in water. Knowing the dielec=
tric properties of the ice gheet and radar frequency the distance
between these peaks can be easily calibrated in terms of ice
thickness. Here in this case, thickness on this plot is 24.5 cm.
The error is going to be + 1 cm for thicknesses varying between
15 cm and several metres. There is a very strong effect of the
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reflectivity of the surface. So, consequently, this radar equip-
ment cannot tolerate very wet surface conditions. It is necessary
to have dry ice surfaces. It 1s not senaitive to the snow covers
Up to several inches of snow it can be used easily and in fact
at a snow thiclmess of 6 inches you can see e third ak which
actually is due to the smow thi g5 and not to the ice.The anow
in no way hinders your ability to measure the ice thickness.

Detailed thickness measurements have been made at a daily
basis at several sites in St.Lawrence to provide an e of
typloal m'ﬂu patterns, evident in the area of static ice for=
mations this next u.{u shows the three distinct growth
ghuon that seem to appear in many areas of the section we are in-

ereated in. There is agrhuq layer around the zero point if you
look at the upper plot. The ¥ axis is in terma of ice thickness
and the X axis is in time plotted here in days. The superimposed
ice in the form of snow=-ice or snow-frazil-sglush ig plotted posi=
tive and the second ice in the form of calender ice and frasil
is plotted negative. calender ice geems to maintain here about
a2 constant thickness throughout the winter stabilizing in a mate
ter of two or three weeks. The final phase is characterized by a
very rapid melt b;hnowing warm water into the river from the
lake of Ontario. The higher latitude combined with low current
veloclties in the canal cause severe ice problems in the area of
Hontreal., Lake Ontario is the heat-source for mainteining water
temperatures about free in this section of the Seaway and
congequently the first sta cover will form three weeks earlier
at Montreal than at the Iake Ontario entrance.

~ This mext slide shows the general pattern of decreasing sec-
() ice thickness with distance npstream. Lake Ontario 1is on
the thand~gide of the plot and Montreal taken on the plot as
zero lm is on the left pide, Again the Y axis is plotted as
thickness, With superimposed ice positive and secondary ice as
negative. In this case the dotted line is simply a total ice

ckness summing both the supe sed and secondary ice. This
we call a mid winter condition in February in the river.

Any study of the ice regime in thig section of the Seaway
must teke into account dramatic variations in the weather pat~
terns from the year to next., In 1973 the ice cover broke up pre-
maturely one month earlier than in the ous year. This was
caused by the combination of extremely temperatures and ree
latively low thicknesses developing during the winter. And these
water temperatures as it can be seen from the next sglide from
the 1973 curve rises dramatically one month earlier than it has
in the s year. The vertical scale goes from zero to 0.6 °C,
The : water temperature which remains almost +the whole
winter is seen here to be less than O.l. The rise vious to
breakup is sharp and very sudden. The numbers on top of the
m are combinations of different years’ tem tures and snow=

« In 1974 a continuous and much more de d file obser=-
vation will be conducted in various depths on a 24 hour basis.
Thig will be extended to discharge measurements at the entrance
and the outlet of the system.

This project combined with our field studies in the St.Law-
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rence will also operate an air bubbler located in shallow water
in this case about 3 or 4 metres. lce sheet profiling with sonar
will be performed algoe ’

The ice conditions in 1974 were extremely low. You can see
this from this picture. Some of the projects associated with
field trisls have been hindered by this fact. And also coming up
in 1974 was a new air-~conditioned wvehicle as an icebreaking po-
tentiale.

I have mentioned our objectives in improving our breakup
forecasts in St.Lawrence. And equally important to us is the use
of the St.Lawrence flush water system, to test remote sensing
techniques potentially enabling us to provide with close to real
time information about ice. Such a service will have its primary
operation advantage not only in Ste.lawrence but in the ever in-
creasing shipping of the Arctic waters. Thank you!

Chairmgn: Thank you very much! You want to make any comments
or put questions in connection with this paper? We will then con-
tinue with paper Bl4., But before doing that let us hear the con-
tribution of Mr.James Hays and George Lykowski who want to pre-
gent their views on the rnavigation problem of the St. Lawrence
River.

J.E.Hays: Mr.Chairman! Ladies and Gentlemenl We thought to
be appropriate this time to subwit our views to the subject by a
paper we prepared too late to appear in your proceedings. How=-
ever, we have gome copies with us and wan: to give some informa-
tion on our findingse It is conmected with the St.lawrence =-
- Great Lakes Seaway Kavigation Season Extension Program, in the
United Statess The Winter Navigation Program is comprised of a
Demonstration Progrem and a Survey Study to determine the pract-
icability and feasibility of means of extending the navigeation
season of the Great Lakes and the St.Lawrence Seaway. Features
of this demonstretion program include ship voyages that extend
beyond the normal navigation season. Obaervation and surveil-
lance of ice conditions and ice forces, envirommental and ecolog=
ical investigations, ice control facilities in each the naviga-
tion and ice breaking and the coordinated collection and dissemi-
nation of information to shippers which include weather and ice
conditions. The survey study is designed to collect envirommental
and engineering impacts of extending the navigation season in the
entire Great lakes= St.Lawrence System. The paper that we have
before the symposium limits itself to the St.Marie’s River
which is the conneecting link between the Northest lske, ILake
Superior and those below. Ice conditions here are severe. And
they virtually involve every problem that ice can cause on this
stretche 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 presentede.
The specific 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 system, soil erosion damage,
80il 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 discussede For thoge of you, ~/ho are interegt=
ed in these I have some papers with me before printing of the ma~-
terial will be achieved.

Please, see me after this session and I will be pleased to
provide you with e copy of ite I also have a short section of a
film we made last winter as & part of the demonstration program.
It was made to obgerve 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
ghows how the ice cover forms and how it is broken and moves with
navigation., The area in the lower right cormer of the picture as
you can note, will stay relatively free of ice due to the fact
that it is the taill-race of a power plant,

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

This is only a short segmeut of five days out of a film that
covered the entire navigation season. I only selected this to show
you what the type of data is that we are observing here in con-
nection with the extension of the navigation seasons 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
yous In addition to that my colleague in the presentation of the
paper, Mr,Lykowski, would cover arother very interesting aspect
of our demongtration programe. And he will describe that +to you
nowo

Chai ¢ Thank you very much, Mr.Hays, for your picture and
your commen%. Someone of you wants to comment this paper and the
description?

G SpLykowgkd ¢ MroDicking discussed the problem of naviga-
tions In his paper on the St.Lawrence Seaway. Then talked about
slide looking radar and its application to providing informaticn
for envirommental purposes and for shipping purposcs. I want to
enlarge that a little bit. Our concern is with the 3t.Lawrence
Seaway in the American section and also with our Great Lakes.The
St.Marie’s River is in the Great Lakes and, as Hays mentioned,
the problem is there severe; if we can solve them we can possib-
ly open up the Great Lakese.

The St.Marie’s River incidentally is the connection between
the uppermost lake and the lakes below. That narrow bend of We-
ter contains locks, there is a drop of 22 fget between the Iwo
lakes and the ice jams up in these areas. The Great Lakes coastal
areas have been described as the Fourth (oastline ot the United
States. Each year commercial vessels carry some 200 million tons
of United States commercial traffio on the Great Lakes ~ 5t,law-
rence Seaway System. Nearly all of this traffic moves Ln f{he
period between April and mid-December. System operations awe
suspended in the remainder portion of the year. Thus the fourth
coast-line is not used about four months of the year. Millions
of tons of iron ore are stockpiled toward the end of each ship=-

117 Subject B


http:Kr.Ha.yS

ping season to provide udoguate supplies toward the winter months.
Similarly, large volumes of grain are stored in elavetors to await
the spring opening of navi%ation because the inability to move the
foreharvest due to close of nmavigastion. High vslued cargo reload-
ed to gnd from the Grest Lakes’ ports. The meximum ice cover on
the Great Lakes shown in this figure for the Leke Superior deters
from using the lake and all ita fecilities throughout the year.
The other lakes below it do not freeze over completely but in
severe winters they look slmogt like this. And in this kind of
gituetion nothing moves. Thie has been recognized at some time as
an extremely inefficient use of man power as well as the mnatural
resources of the region. The study that Mr.Hasys mentioned ies a
combined effort involving twelve federal agenciea +to mssess the
gituation and to determine the feasibility to extend nevigation
into the unused portion of the year. An importent aspect of this
problem is providing ell svsilable information concerning the
distribution of ice type, the thickness on the lakes on an slmost
daily basis. In other worde in a resl time operation where infor-
mation is obtained end is passed out to the shippers. I have &
couple of glides taken from satellites. Unfortunately there is
no projector that could handle these becsuse on this they are too
small to be seen. I hope that eventually we will be doing this
rather by stallites then by eircrefts. In the pictures that I
have here taken from the satellite from an altitude of 570 wmiles
and covering an sresa of 40 000 sq. miles on the ground.The pict=-
ure just here in my hands is emazing becsuse such & large area as
the Great Lakes is seen on it without cloud cover. And particu-
larly in winter. And this was one of the very few images that came
from the satellite that showed all the Great Lakes clearly. We
have adapted this system in sn sircraft. And in this system we
would use side looking airborme radar just to briefly describe :
it: & pulse of microwave energy momentarily illuminstes the groumnd
and receives the reflection and it 1s electronicelly processed
and displayed on & cathode ray or TV tube.

The image of this tube exposes & film snd creates an all-
-weather image on the film. I think you can see this much better
if I show you s wovie as I am talking, that develops such a film
as we are waiching it.

Flying such s system from e satellite altitude has not yet
been schieved. It has been in use for a decade in military eir-
crafts. Our use of such a system on Lake Erie on a cloud covered
day is shown to you as we develop it on the screemn. In spite of
the cloud cover this image covers a distence of about 300 miles,
was made in a single flight over Lake Erie and the extent of the
ice cover is clearly ehown in the complete view. The two colour
imaeges in the upper pari of the screen show how the various ice
types look to the eye. The boundary in Lake Erie is the Canadian
shore. The lower boundary in the lske is the Americen shore.Open
water areas appear as black in this image and cities around ghe
lake sre brought out in green. The ice types occur in many 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 can be so designated. Imagery from such a system
could be instrumental such as indicated. This can be used by ship~
pers who would now with less difficulty and greater ssfety extend
the shipping activities late into the season.
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This was an experimentasl situstion lsst year. This yeer we
have contracted with an Army unit to fly over the Great Lakes®
foreste. We are providing to the shippers - there sre some 19com=-
panies = gailing in the extended sesson here. We asre providing to
them the type of imsgery you sew here. A side looking reder photo
is slso enclosed, further an interpreted chert which defines the
ice, its location, thickness end provided to them on a very rapid
turnsround basis. The photos are processed immedimtely on the
ground, the charis ere prepered simultaneously and the charte are
gent then out to the shippers by telephone~wires or on redio te-
lephone end receiving units on the ships, get them almost at the
time when the film is dry. So as they proceed into new areas they
at least have & chart of the ice situstion. We hope to make this
gystem permanent, we have very very high hopes thet it will be
quite useful and veluasble. The shipping interests are delighted,
they ars willing to invest a certain amount of equipment they may
need to receive the data snd we hope that this will be a step
forward in providing sll weather ice information. Thank you!

Chaiﬁg&g: Thank you very much. Questions to this paper? Any
comments to do?

Covenee)

G.S.Lykowski: Now we do have this informetion from satel-
lites. PFogIem 15 the cloud cover. And I have been sble to show
you the slides, I had a very cleer picture of all of Leke Erie.
And whet was unususl about it, that there was a clear picture
with no interference from clouds. But the problem is thst cloude
do cover the leskes and while we have the picture we have +to teke
them as they come.

Chsi : Any other comment? We will contimue with paper Bl4.
It is on ce Cutting Operations in River Ice Control" and will
be presented by Prof.Sokolov.

¥ I.N.Sokolov: Mr.Chairman! Ladies snd Gentlemen! I want to
glve Bome addition to peper Bl4, Ice Cutting Operatioms in River
Ice Control by Korenkov, Morosov and Aleinikov.

At individual reaches of rivers end reservoirs prevention of
ice Jjsmming and trouble-free passage of ice may be effectively
achieved by ice cutting combined with some other messures, such
ag blackening of ice cover surface or rapid drewdown of a reser-
voir.

Blsckening can be performed by the type LFM milling machine
used for ice cutting. For this purpose special removable 0.8 or
1.6 t hopper conteining coal dust is to be mounted on the machine.
Dust is scattered with the propeller located in the hopper. The
rate and trajectory of coal dust can be controlled. Theoreticelly
it seems possible both to combine ice cutting with surface black=-
ening and to alterste dusted strips with ice-cuiting routes. How-
ever, field observations are needed on the subject.

Experiments were carried out on ice cutting with subsequent
rapid drawdown of & reservoir gimed at ensuring en earlier break-
upe Under certein conditions a rsgid drawdown on the reservoir
with ice cover cut by slots was found to result in the displace-
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ment of ice fields. It is essential that ice-cutting operations
be performed as close as possible to the downstream edge of the
ice cover. An empirical relationship was established between the
flow velocity at which the ice fields start to move, the river
width within the reach treated by the ice cutting machine, the
thickness of the ice cover and its bending resistance.

It is epparent that further field end laboratory investiga-
tions are required. Thank you!

Chairman: Thank you very much! Any questions on this paper?
Or any comment? We will continue now with paper Bl5, "Use of
Acoustic Emission in Forecasting Ice Breakup and Ice Jams"by Prof.
Hanagud. I suppose he is not here. I only want to put & question
to the General Reporter, whether he is here or not? I also went
to know why this paper was not mentioned in the general report’
And also are there any comments on this paper?

.Szala When I took over my duty from Prof.EKozdk I had no
opportuniiy o revise his report. And it escaped my attention
that he has not mentioned this paper. So I have to excuse on his
behalf. Thank you.

Cheirman: Any comment on this paper?

Well, the last paper that we have this aftermoon is Bl7,
"Long Range Porecast of Ice-Effects on the Middle Currents of the
Denube River" by Professor Bdlint. Is he here? No?

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

I want to repeat again some of the questions that the Gene-
ral Reporter presented in his paper. In that way it will be
easier to discuss these.

First one: Are the recognized principles of river regulation
appliceble in all respects to winter ice conditions?

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

The fourth one: are the technical advantages of icebreaking
and blesting fully exploited? How can these be improved? I think
a lot of you can tell something about this.

Pive: are the physical processes of ice formation,the phys-
icel processes of pure ice and such containing chemicals comple-
tely explored?

Which are the rules of contamination?

Six: ere adequate observation data on ice available?Some of
you can tell us about the equipments used to obtain data.Some of
you are making this kind of work.

Seven: 1s sufficient information available on the rheologi-
cal durability behaviour of saturated reinforced concrete struct-
ures exposed to freezing in winter?

Eight: quite & lot of experiments are conducted in ice laborato-
ries. Some of you who work in ice laboratories could tell us what
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experiments are carried out there?

Nine: are there still "secrets", fundamental phenomena re-
1ated?to ice, what is the roughness on the underside of the ice
cover

Ten: How could discharge records be kept on & river flowing
under a solld ice cover?

Some of you have something to ask or to answer to all these?
Professor Kennedy, please!

J.F.Kennedy: Kennedy from the United States. First I have
two questions for the guthors of this aftermoon. Pirst, a point
that I heve missed in Dr.Dickins’ presentation concerning the
thickness measurements. As I understand these measurementis 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 distinct peaks? 2

D.F.Dickins: I am not directly involved in setting of the
actual electronics but as I know the system is presently designed
to use it for 100 feet. The tolerance allowed is + 20 feet. This
is quite reasonable for a pilot flying to mairntain this altitude.
The altitude i1s 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 actuslly from a
few cms to a thickness of several metres 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 series of 15 to 20 plots. And the error of + 1 cm is
quite ressonable.

J.F.Kennedy: I also have a question with Dr.Sokolov’s pre-
senta¥lon. Concerning this ice cutting device. I did not under-
stand from the paper exactly the type of the cutting device.Whst
is the cutting instrument? Is it & milling mechine in the clas-
sical type or a vertical cylinder? My idea with the milling ma~
chine, I do not know how it could be used for cutting? Or do we
have the wrong trarslation to be a "milling™ machine? Is this the
seme type that has been proposed for use in the States? George?
It has been a considersble interest in the use of these devices
in the States.,

GoS.Lykowski: I don’t know how to answer thet but in the
United §¥a¥es very much ennounces are in papers about various
forms of cutting devices exswined, primarily using the resultis
from mechanical experiments on what sort of cutting devices
should be used for ice? There are those with the vertical axes
that are simply wmilling going towards their goal and there are
what maybe termed wheel devices that cut very much as a saw with
the axes of rotation transverse to the direction of motiom.These
have various details regarding their teeth and what is efficient.
Their difficulty is with clearing the slot. The Soviet Union ac-
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cording to my knowledge has used various devices to wesken the
ice cover preyious to breakup. The impression I had by the p.gr
presented E: Sokolov was that it was a vertical device. To e
question, my impression was thet it wes one of the disk devices
the disk in the plain of the direction of the movement. So nﬂ.l]’.
I am very uncleer gnd I liked to throw the questiom out egsin.
And slso I er whether Larry Schultz can adding l.wﬂu.ng to
this. Since he is working with ARCTEC and they are presently de-
veloping s prototype ice-cutter for the Cosst-Guard.

L.A.Schultz: With regard tc ice cutting, ARCTEC, incorporat-
ed has been engaged by the B4D branch of the U.S. Coast Guard to
develop & Mechanical Ice Cutter for application in shallow we-
ters, such as rivers, where the Cosast Buard'- conventionasl ice-
breskers cannot operate because of draft iimitstions. The Mechs~
nical Ice Cutter (MIC) comsists of & shallow draft hull fitiec
with three arms extending forward. Each arm supports a ¢ircular
sew which rotstes at high speed ss the craft moves forward.
saws then cut two adjacent strips out of the ice cover. These are
subsequently deflected downward as they psss under the hull end
feil in bending, The hull is fitted with skegs designed to direct
the segmented ice sirips under the adjacent undisturbed ice covem
The MIC therefore leaves & completely clear opem water chennel
through the ice cover. In contrast, conventionsl ice breakers
leave the remeining broken ice pieces floa in the channel,re-
sulting in the expenditure of large amounts power from follow-
ing ships in order to push the brokem ice pieces along sheed of
the ship. The circular saws were developed thr ‘testing con-
ducted st the ARCTEC Ice Model Basin in Savage, end, USA.,
end scaled prototype testing was conducted in river ice !'u ARCTEC
personnel last winter. The results of these tesis were very en-
couraging, indiceting that in comparison to conventionsl ice
breagkers. The MIC could reelize = icant er savings in the
range of ice thickness and speed of interest for U.S, river ep~-
plications. We anticipate the initiation of the deteiled design
and construction of a full-sized proto MIC vessel in the near
future, and look forward to presenting er developments at
the next symposium.

Thank you.
Cheirman: Prof.Kennedy, you want to continue?

g_i;%m Our chairmen invited people to speak om the
subject of current active research in the labs. So with per=
wission I would like to give you a brief description of overw
view of the ice research currently under way at the University of
Iowa. And then I would -uig-o_st the chsirman to invite other people
likewise to describe the ice research that current persusd
in their o izations. The ice pr at the University of Iowa
ie now in sbout its fifth year. At the start of this progrem we

built e facility to study the hydraulic aspects of the ice, A re-
circulation refrigerated flume. Since that time we have also in-
stelled in our temperature controlled room en ice force facility.
Por investigation of various aspects of the strength of ice. An

the structural characteristics of ice. Finally we now are glso

involved in a felr emount of field work om ice on the Mississippi
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and Missouri Rivers. Turning over to epecific programs at this
moment I would emumerate the following:

The first is comcermed with the mechanics of formationm of
ice ripples. The firast paper on this subject from the Iows Re-
gearch Program was given in Reykjavik in 1970 and our interest in
the problem arouse largely from the publicetion of Dr.lLersen some
years before. It seems that water flowing under sm ice cover,
under certein conditions creates ripples in the interface between
the liquid water and the ice. These ripples are very similar to
the geometricael characteristics and the kinematical behaviour to
ripplea formed in gand on the boitom of a stream. The first the-
2is conducted on this subject in Iowe was Dr.dshton’s, who is
here, who succeeded in clarifying the physica that esre respons-
ible for the instability of each of the formation of ripples.Upon
his graduation another student, now Dr.Shu, undertock the analy-
sis and veryfying experiments for ramdom ice ripples.Dr.Ashion's
thesis was confined to simple sinue ripples but they are only
sinusoidel by some idealization so in Shu’s thesis the ripples
are created ss a random wave and characterized by the spectrum of
the displecement of the surface from the mean. Shu was able to
develop a theory which predicts surprisingly well the evolution
with time of the spectrum of the ripples. He was also able from
the developing spectra to defermine the phase shift between the
local heat transfer rate and the local boundary displacements.The
second project is one about which you hesr tomorrow sponsored by
the Corps of Engineers and is comcerned sbout the mechanics of
ice jams. We currently have one doctoral thesis nearing comple-
tion which is concermed with comstruction of anm overall mathemet-
ical model of an ice jam: I leave further description to this for
tomorrow. However, there arises in the mathemstical modeling of
ice jams a need to know the strength characteristics of flcating
fragmented ice. The shear strength and the normal strength.So we
have had other theses concermed with the termination of these
strengths. It turned out to be a very difficult problem. Because
strength is 3o very dependent on the velocity.

Yet another problem is concerned with he ice supression on
rivers by large discharges. This work was initiated by the Corps
of Engineers and is snow spomsored by the Cornwalls~-Ediason Co.
This ie a combination theoretical, leboratory and field project.
In the lesboretory Mr. (....) and his student have developed e
generalized mumerical predictor for the length of ice free re-
aches downstream from a power plant. I believe this can be viewed
as an extension or refinement of the earlier work published from
Erell (?) by Weeks (?) and co-workers. The undertaking got some
laboratory verification of this work in & control temperature
flume with particular intereast focussed on the stream edge of the
ice cover where some very interesting heat tramsfer phenomena oc-
curred. Finally they are seeking the verification of the model =~
es I told yesterday - on the Mississippi River downsiream from
the Quab City’s plant, this is a nuclear plant on the Mississip~
pi.

In the erea of ice strength most of the works are conducted
by Dz.Schwertz. This was also mentioned yesterday. He has ons
atudent, Mr. (ess...), he is just completing his doctoral thesls
on ice forces on vertical plles. The work 1s just now belng ini-
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tiated on inclined piles. This work is being done in our ice force
facility which is a tank which is some 3 feet wide 30 feet long
and about 3 feet deep. We freeze a stationary ice cover in this
tank and by means of crystal seeding or nuclear seeding 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 modulized carriage through a dynamometry which is inter-
faced directly with an electronic computer which gives us the
time history of the force variation. Thelr work has been concern=
ed with the generalized predictors for the forces exerted on ver=
tical piles in the case of freshwater ice. Concurrently with this
Dr.Wu f?) who works with Dr.Schwartz 1s pursuing an analytical in-
vestigation the goel of which is derivetion of fracture criteria
for ice. It seems that there is no generel agreement on what the
logicel fracture criterion is for such materials in general (con~-
crete may also be considered here). Dr.Wu's specielities in the
area of elasticity end plasticity is to verify the resulis that
Schwartz was getting.

I might mention one aspect of their results which I think is
particularly noteworthy end that is the following: when a verti-
cal pile moves into an ice sheet the first failure is invariably
only just ahead of the pile. The ice sheet forms a horizontal
crack that extends some distance ahead of the pile. In the case
of a thicker ice there will be two cracks. The first fallure is a
separation across the crystals and then after the ice fails in
fracture. And Dr.Schwartz working with people pursuing theoreti-
cal investigetions at CRREL has obgerved that this is also the
gsituation in their large scale tegt. So the compression loading,
the fallure is in tension in this relatively unconstrained verti-
cel direction. Our future activities in this direction = I think -
will go on also to higher veloclity loadings with the goal of con-
fine or examine the dynamic effects.

One more study I should mention is concermed with mnot dice
specificelly but with heeted plunge discharged into cold water.
For the Commonwealth Edison Co. in conjunction with thelir design-
ad plant on Lake Michigen we are conducting a study on heated
ploons released near the lske bottom during the winter. The plunge
is some 20 °F warmer than the receiving water, which is at the
freezing polnt. The heated plunge starts to rise being eluded
along its trajectory until its temperature reaches the 4 °C maxi-~
mum density point. And thereafter it sinks agein. And spreads ov=-
er the lake bottom forming a blanket of relatively warm water. In
this shallow shore region of Lake Michigan the lgke 1s 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.

Finally we have as & 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
guldelines to help people who design the models 1n the interpre=-
tation of model results. Thank you!

Cheirman: Someone wants to comment on this? On facilities in
ice laboratories?
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G.Ashton: My name is Ashton from the Cold Regions Research
end Englneering Laboratory and generally I sey that is CRREL and
in general I have to explain what it is.

Essentlally it is e laboratory which deals with nearly every
area of engineering that relates to the cold regioms. If our ad-
ministrators are looking for funds a cold region is then defined
as a place that is colder than 32 OF one day of the year. That
tekes care of almost the whole United States but we do have a
wide and diverse program that deals with everything from wastewa-
ter management through mobility of vehicles in snow and ice con-
ditions till whet we would classsify as civil works, in very loose
termg "ice hydraulics". This term describes fairly well my parti-
cular areea.

I would like to do now to simply run through a list which is
drawn up to show some of our activities at CRREL. The various
levels of activity I will describe very briefly and those who ere
intereated in any particular subject I would request them to gee
me end perhaps I can them put in better communication with the
particuler researcher that is involved.

We have had several discuassions on bubbler systems or as we
do refer to these in this part of the world "pneumatic installe=-
tiong". There are two subjects, two part of that problem attacked
in our laboratory. One 1s an experimental program by Dr.Chou-Yen
which is measuring the heat transfer coefficient st the top of a
axisymmetric or pointe-source bubbler system. That is not as yet
published but he has a rather comprehensive set of data on a rath-
er small scale, but 1t seems to be coneistent in 1tself over sev-
eral renges of the parameters.

Myself I have been angaged in trying to simplify the de-
signing procedure beginning with the pipe-sgize, discharge rate
end depth. With the hope thet analyticelly I would be able to
predict the extent of supression of ice by & given bubblser system
in a given thermo regime. I might add that there are s number of
uncertainties that have been uncovered; perhaps the most notable
one is the question of the recirculation imposed by the bubbler
system. As Prof.Kennedy pointed out, we discharge 4°C water in
zero degree water the Jet plunges. The question that comes up
then is if you are raising water via bubbler action and certainly
the point is here the bubble will raise it, so the bubbles escape
to the atmosphere, at that point the water is - if it is indeed
warmer than the ice that you hope it will be the case to accomp-
lish melting -~ it 1s more dense than the surrounding water and it
should have the tendency %o plunge. On the other hand, the common
temperatures that we deal with in bubbler systems are very close
to zero degree +t1ll we mey be at the verge where the inertial
effects of this jet may be more important than this tendency to
plunge. This is an area that needs investigetion. It has also be=-
come clear that in designing a bubbler syssem for a gliven instal-
lation one must look at the seasonal variation of ice production
or the changing of the environment. To determine reelistically
what you will accomplish with that, it is very difficult to pick
an average condition and then aspply a steady-state enalysis to
that.

Let me get away from my work and describe the work of oth-
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ers. There is conalderable work going on the Aretic pack-ice.The
work is not so much hydraulic in its character in the moment
though certainly the driving forces ars hydraulic or et least
they are dynamic and we are concerned with the movement,drift and
behaviour of the Arciic pack-ice. So far we have accomplished the
ability to provide a rather clesr piciure of ridge statistics.The
frequency of occurrence, the height distribution that you would
expect on a statistical basis and other features give us a rather
clearer picturs of the Arctic pack-ice we have had up till previ-
ous few years. This has been done as part of the Arctic Icy Dyna-
mics Joint Experiment. Dr.Hibblers (?g and Mr.Mark and Aply (?)
have been most active in this together with Dr.Weeks (?). 4s you
noticed Dr.Weeks’ name appeers a lot of times here. I may add
before I go on that Dr.Weeks 1s involved in all of these things
in the role as a chief scientist of the laboratory. We sometimes
complain that he is not involved in our individual subjects but
he is involved nearly in all of these subjects.

A8 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 the vicinity of the Antarctiic
ice shells to placea 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 in Chile or to the
deserts of Western Australia. There is a great deal of work that
has to be done in this field. Namely if once you deliver an ice
berg what do you do with it? But clearly the feasibility of the
delivery cost is we feel that has been well shown. Fresently we
are extending that particular work to determine the nonsteady
stress forces that result from the evolution of the shape of
the tabular bergs as they are towed. The problem is far from tri-
vial since you must tow them fest enough to overcome the existing
currents and winds, you muat overcome the Coriolis force diffi-
culties and finally hopefully you must show up with some 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 Cep. I
quit 8 lot of sea=-ice work. This is now directed increasingly to=-
wards river end lake ice. In this Dr.Tony (....) is working pri-
marily. It is interesting that on lake ice we get rather large
single crystals. Those people there are interested in using ice
not for its own sake but for the sake of understanding such
things as crystallography and metallography. For this single crys-
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.Samuel Coalback (?) 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 sppears 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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vermeable only at the begimnning of the melt and very quickly it
becomes transparent in a permesbility sense and lets the flow di-
rectly through. The next problem when you get to the bottom of
the snow pack is how will it flow out. This again a permeability
problem in porous media. And that he is also treating. He is also
working in the field both alone end Jointly with researchers from
the University of Washington and from Canadien groups.

We have for some time been engaged in a cooperative program
with the Danish primarily and with some others to do deep core
drilling in both Antarctic and Greenland. This 1s on a very fun-
demental nature, on a year-year basls, it seems rather unuseful
but on a long term basis 1%t gives a great deal of insight into
things that are such as our climate. The question for instance of
increasing particular pollution in the aixr in changing our cli-
nate can be examined in looking at past cases of many thousands
of years ago, the result of volcanic activity and see what hap-
pened to the climate after such a volcanic activity when things
are much more polluted over & period of years, compared to that
what we have achieved untll 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 ideas 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 disadvantages 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 directionm of Dr. («....) and Mr.Frankenstein
and it is continuing.

We shortly will do a very small investigation which will
concern on things that are now very popular in the States 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 blt 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 alsoc 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.

Pinally 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 drainage in see ice.
As most of you know the brine in sea ice follows a rather strange
way and behaves unlikely to freshwater lce. Understanding the
rate of this brine drainage is a very useful thing in the under-
standing of Arctic pack ice.

Theory goes shead nearly for ever, and I find in my own lgb-
oratory that I am never up-to-date in nearly everything that 1is
going on and it is quite an effort simply to keep up. I tried to
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simply ssmple those subjects which touch on the theme of this
symposium snd the disciplines involved here. If you have any par-
ticular question feel free to find me, contact me, ask me; often
8ll I cen do is to bear your name to the man that does the work
end who would then correspond with you. Thank you!

Cheirman: Dr.Larsem, would you like to comment on your work,
what you are doing in Sweden?

A.P.Larsen: Mr.Chairmen, Ladies end Gentlemen! I am not going
to report on laboratory work in Sweden but rather going to make
comments on point Nr.3 of Dr.Kozfk’s general lecture: "What is
the influence of geothermal radiation on the temperature of water
gtored?" In a pond &.g.

It is felt that heat trensfer between the pond or river bot-
tom and the water body is of considerable importance in affecting
ice formation and development. Date obtained in the framework of
the IHD program for a small lake in Sweden (lake Velen) show that
the heat budget of the bottom sediments amounts to about 30 % of
the heat budget of the body of water. Thus the amount of heat
stored in the sediments during the summer and released during the
winter is considerable.

It ie known that the temperature smplitude of sediments de-
creases with lake depth which is a consequence of deeper lakes
generally being more strongly stratified. However, since river
water 1s almost homothermal river sediments are exposed to higher
temperatures than lake sediments in a laske of similar depth. The-
refore heet storage under rivers could be of greater signifi-
canse, relatively speaking, than under lakes.

A very important aspect of the heat transfer process is the
ohase shift between heat transfer and temperature. Some Swedish
dats indicate a delay time of some 4 to 6 weeks.

Since heat available in the water is significant in terms of
ice cover development - including features affecting hydraulic
roughnese - it seems important that the mechanism of heat trans-
fer be further explored.

A source of heat supply which under certain conditions may
be of significance is the flow of groundwater into the river. It
gseems that this sspect has received very little attentionm.

Well, these were my comments to point No.3 and I want to
make or show you some slides, actually those slides to which Dr.
Kennedy referred to in his talk, showing the features of the un-
derside of a solid ice cover on two Swedish power canals. So,
could I have the first slide, please?

This is & power canal at the end of a river reach which 1is
about 18 km long. At the downstresm end the river is canalized
and the depth here is about 11 metres, the width is 65-75 metres.
In the early Jenuary of 1960 we cut off with a chain-saw some ice
floes about 3 m long and about 30-40 cm wide and turned them up~
side down. And we were very surprised to find that the cover was
rippened on the other eide. And this was perpendicular to the
flow.

This is a close-up, you see the bank is put on as a refer=-
ence; the amplitude of these roughnesses was mex. 5 cm.
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This glide shows a floe that was seswn out in the direction
perpendicular to the flow. And here we see that although the floe
is not smooth by any means this wavy pattern does not show up in
this direction.

This is & section of about 6 km long of the River Daldlven
in Sweden, & reach which has a power-stetion at the upsiresm end
and another at the downstream end. And this floe is cut close to
the downgtreem end. The depth here was about 4 m, The flow was
two dimensional, maximum velocities of 0.65 w/s and zer> velocity
in the nighttime. We see here that these rippels are formed and
the wavelength wes considerably shorter also the amplitude wes
gomewhat less.

Next slide! Yes, it likes very much like dunes. The common
feeture in the mechanism of development cen be discovered in
these things. Also I had btut I think it is not included here e
slide showing drifting snow where we see exactly the same type of
pattern. And we have seen that in some of the photographs shown
here today. '

Well, in order to find out something about the development
of the ripples, one floe that was completely smooth on the ex-
posed side was turned around and was exposed to the flow of the
cengl - I think it was 18 dasys -~ and then it was turmed around
egein. And this is what you see here. This floe was 3 weeks &go
completely flat and asfter about 3 woeks this pattern has devel-
oped. How this I would not say more about, because Prof.Kennedy
and Dr.Ashton have explored this aspects end came along on & long
way to understand this phenomenon.

Thenk you very much.

Chgirmsn: Yes, please!

L.,A.Schultz: I do not think any researcher can turn down the
opportunity to talk about his laboratory. So I may mention agein,
my neme 1g Laerry Schultz, sssociated with ARCTEC which is a pri-
vate company in the US, for those of you who are not femiliar
with our compaeny: it is a consulting engineering firm, specializ-
ed in cold region enginmeering and even architecture and we sre
engaged in theoretical work, modeling, simulations, model tests
snd full scale work. We have a model teat basin which has been in
operation now for three years end we conduct resistance tests of
ghifts in ice snd measuring of ice forces on offshore structures.
And we have a little brochure which describea our laboratory and
gome 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 area of theoretical and math models and sim-
ulations we have had in the past engeged in very practical ap-
plications of math models to power plants. In perticulsr power
plants for ice-breaking vessels. We have done a mathemetical sim-
ulation of the dynamic effect orn the entire power tremnd. Cur-
rently we are engaged with the St.Lawrence Seaway Corp. and we
are modeling the Seaway and looking for constrains in winter nav-
igaetion. And we are well along on this project sand perhaps ir.
w%lson - if you are interested - will brief you & little further
on that. Ultimately we hope to end up with a benefit~cost snaly~
gis for all of the constrains that would apply to the Seaway 8o
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that we can make sn outstanding quaslity evaluatiom of the various
constrains in this system. In the ares of ship model testing the
ice forces on structures and powering on such ships is fairly
well established because the laboratory procedures go on and this
is what we have here in this small brochure. In addition to this
we are just recently considering s program to develop design cri-
teria on structures mounted on ice near open water. In other
words, we have an ice sheet with open water end we want to build
a structure~ the question is how determine the levels in arder to
avoid damsges. This is a strictly applied project and we got some
good results on it. We have enother test program which we are
about to begin: one involving sn ARCTEC surface effect vehicle
which we are working on for the US Navy. We sre studying the speed
and power requirements of this vehicle ss it transverses ice.Some
of you may be familiar with the surface vehicle. When we look at
the speed curves, the power characteristic curves of the vehicle,
there is much problem how the power es the speed increases, the
power required increases up to a point and this is described =as
being the point at which the vesssl climbes up to the top of its
own bellway if you want to think about it in this way. As the
vessel moves along it generates a bellway in the water end at
some critical epeed you can get over that and you get s reduced
power requirement for en incresse in speed, The question is
whether this also happen when the vehicle moves on ice. We will
be starting that program within the next two months in our model
basin in Columbia, Maryland. Finslly, we have full scale teatis
on the Tenker of Manhattan and on the Coast Guard projects. Con-
currently we have several people on the Great Lakes who are wait-
ing for a full scale test for an sir-bubbler system. A4 system
mounted on & ship. They have been up on the Lakes for about two
weeks now and the test will be running through February. Initial
regponse just before I left was very promising. They were seem-
ingly somewhere in the neighbourhood of 5 to 15 % power reduce
tions when this air bubbler system waes in operation. As far as the
future is concermed, the company is concurrently comstructing new
laboratory facilities; our present model basin is 50 feet long by
8 feet wide and 5 feet deep. We have constructed a new model ba~
sin which is 100 ft long, 12 ft wide, and 6 ft deep. The basin
itself is completed but 1s not in operstion aa of now.

We hope to have it operational near the end of the summer.
Some time in August. Also in this laboratory we provided for a
160 £t long, 12 ft wide refrigerated circulating water flume and
we also hope get into some hydraulic modeling, we have an area in
the laboratery for that, which we will use not for saline ice but
for freshwater ice in the hydraulic area. The synthetic materdial
thaet has been developed by Professor Michel at the Laval Uni=-
versity in Quebec, Ontario, Canada. So if you would like some in=-
formetion on that I would be eager to supply to you that. Are
there any question?

Thank you!

Chairman: Are there any other comments? Well, before to fin-
ia?,!?.ﬂursf Is going to make some comments on the papers discus-
ged.
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C.K.Hurst: Mr.Chairman, Ladies and Gentlemen' I must apolo=~
gize Tor not being feirly prepared for this coument because I did
not read the papers before I arrived snd had reslly no chance to
read them in the deteil that they would have deserved.

The summary of the papers presented in section B, given by
Professor Mikldée Szalay provided a comprehensive analysis of the
various items covered under the leading "Interrelations Among
River Training, River Cansligation, Low Head Water Pcwer Develop-
ment end Navigation with Special Regard to Ice Control".

Discussion of this subject by the members of the symposium
covered many items but for the main part referred io three points.

1. The experience of the Soviet Union in use of Pneumatic
Instellation had been successful particularly where the differ-
ence in temperature between the lower and upper levels was in the
order of 1 degree centigrade. Ezpérience in Germany suggests that
bubbler systems can be effective even when there is no temperat-
ure differentisl. The possibility of using a pump to circulste
water instead of by bubbles was suggested. Most of thc experi-
ence has been for the protectiom of hydraulic structures however
there are sgeversl installatione in existeme and proposed in Cana-
da for the maintenance of navigation channels by use of bubbler
systems, existing installation is 2500 feet and its proposed in-
stsllation is 3 miles in length. Purther study appears to be re-
quired o determine whether bubbler systems can be effective
where there is no heat tranafer.

2. The possibility of transferring adverse effects of ice
formation from ome place %o emother by control sctivity was polnt-
ed out by Yugoslavia where the ice control activities related to
the canyon at the Irom Gate on the Demube in Rumania may adver-
gely effect low pleain areas in Yugoslavia. It was also menticned
that the ice boom placed across the outlet of the Lske Erie in
North America to reduce demage to shore property and power de-
velogments on the Hiasgara River was blemed for climatic changes
‘in the srea. This possibility of ice conirol activities must re-
ceive careful congiderstion. i

3. Discussion brought out new survey techniqucs. The Hunga~
rian method of determining size and velocity of ice formation by
photographic means utllizing one observation post at a high lev-
el. Canadian use of radar for determining ice thickness was con-

- 8ldered promissing. Ths United States use of side scanning radar
from high flying eircraft and possible use of satellite observe-
tions end photography provides up-to-date ice situation reports
to assist navigation in the Great Lakes of North Awmerica.

Other points considered were the conflicts that mey arise
in rivergused for multipurposes, power, navigation and flood con=-
trol, and the possibility of ice control for one purrose having
an adverse effect on others.

Use of water teken from various levels of a reservqir where
the heat content is higher to comtrol or eliminete ice downstream
was en interesting problem. In gome large reservoirs in the United
States water can be taken from various levels .to provide proper
temperature for fish development downstream. It was suggested
that this technology could also apply for ice control. Swedish
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experience indicates that up to 30 % of the heat budget of small
lakes is provided by teothermal radiation from lake bottome. This
phenomenon is worthy of further investigation. Discussion also
covered ice cutting techniques developed in the USSR and uase of
this type of operation in flood prevention on the Lideau Eiver
in Ottawa, Canada. Mention was also made of early work done by Dr.
Barnes on the lower St.Lawrence using the spreading of lampblack
on ice surfaces to speed ice melting and also thermite bombs for
ice elimination.

A recent study of the feasibility of construeting a marine
termingl at Herschel Island in the Canadian Arctic provides in-
teresting mathematical model study of ice management technigues
required for Arctlc conditions if a mavigation channel 1is to be
available all year around for supertankers. This gtudy cen be
obteined from the Department of Public Works of Canada in Ottawa.
Interesting films were ghown by Mr Ce.Lawrie of Canada on ice
breaking activities in the St.Lawrence, by Mr G.Lykowski,Col.Hays
of the United States on ice formation in the Saint Marie’s River.
Dr.Larsen of Sweden showed interesting pictures of the effect of
flow on the underside of an ice surface and the ripple pattern.

These were my comments, Mr.Chairman! Thank you very much.

Chairman: Thank you very muck for your co-operation! I have
an announcement for you! About the Theatre performance this even-
ing. Departure of coaches from Hotel Budapest will take place
at 7:30 p.m. About the study tour to Baja on January 18, the de-
parture of coaches from Hotel Budapest will take place at 7:00
a.m. The departure of the special train from rail ¥o.l in the
main hall of the Eastern Railway Station will teke place at 7:30
a.m. Approximately, at 8:00 peme we will arrive to Budapest.
Breakfast and dinner will be served on the train, snacks e&nd be-
verages instead of lunch will be served at the City Hall. Before
ending I want to thank the work of Professor Szaley, our general
reporter this morning end also of Professor Hurst for his com=
ments that he mades

And for a1l of you, thank you very much for your attention.
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SESSION OF SUBJECT ¢

Effects of Runoff Regulation
2:00 p.m. Jamuary 15, 1974

J.F.Kennedy, Chairman
Z2.G.Hanké, Co-Chairmen
I.MAtrai, Invited Speaker

J.F.Rennedy, Chairman: Good afternmoon, Gentlemen! And wel-
come To the TIES% Technical gsession of the Symposium on River and
Ice! This sesaion is entitled "Effects of Runoff Regulation".

My name is John Kennedy, and I am & Professor at the Univer-
sity of Iowa in the United States. My co-chsirman this aftermoon
for this technicel session is Mr.Hanks, seated on my right, who
is chief of the Department of Hydromechanics at the VITUKI Hy-
dreulic Laboratory here in Budapest, and also a member of the
Organizing Committee.

Before we turn to the technical subject of this afternoon’s
seggion I would like to call your attention to certain adminis-
trative matters which will help the smooth flow of the sessions
and of the discussions. In the briefcases which were given to you
gt registration you will find emong other things two types of
forms. One of these is entitled "Regilstretion for Discussion” and
if you want to discuss a paper you are asked to fill out this
form and give it to some member of the staff or member of the Or-
genizing Committee before the begilmning of the session. Then later
after the discussion you are asked to fill out the other type of
form giving your name, the paper which you discugsed and a short
abstract of your discussion. This is your opportunity to write
down what you wish you had said instead of what you have really
sald. I hope, however, that the use 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 symposie is for people to come together
and to exchange idees. So 1f you have something you want to say,
please do not refrgin 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 ig Professor I.Mdtrai, who is
Deputy=Director of the Investment Agency for Hydreulic Struct-
ures of the State Water Authority and also Professor in hydrau=-
lic engineering of the Technical University of Budapest. Profes-
gor Mdtrai will introduce theme C of this Symposium "Effects of
Runoff Regulation" by a genersl lecture of the same title.Il take
a great deal of pleagure in presenting to you Professor Mdtrai!

133 Subject C



I.Métrai: Mr.Cheirman! ledies and Gentlemen!™.......

I am at the end of my lecture. !hukmnr;moh for your
kind attention!

Thank you very much, Professor l‘ird. for your con=-
cise yet very couprohonlin overview of the atfccta of men’s in-
tervention on the regimen of rivers. I was particularly
ged by the skillful way in which
gathu- the presentations includ
ear later in this afternoom in your surwv

We are now ready to take the presentation of the indivi-
d:ul gcpm by the asuthors. I propose to take them not in
he order they have been listed on page 13 of the Bulletin
o ucom:dnt:l {lu sohognht:t some oi :t;.r 80;101 nol% 'iiI
-lsoin; o ¢ first for the presentation of pa 04 ver
Chennel ormation Downstream from Eyd g:'so te" by
Weksler, Donenberg and skladmv from the !.l.vdm" m—wﬂ
Bessirol Tastitnte: The papss will e mtod , Professor
Zvorykin also from the Vodnuv m . Institute on
of his collesgues. Now I would oa;l.l on ont.zvmhn.

%Ligugmllr-cm. Gentlemen! I have a short addi-
tion to the paper C3.

A number of additional aspects of the river chsmmel trans-
torntion. spart from those described in our paper, is discussed
gubluntim by Soviet sclentiste. One of gn is the decrease

etability of chennel bars due to diurmal release waves Iun-
ning across the river deposit zone. According to N.I.Mekkaveev,
I.R.Roz and V.A.Bazilevich, who ¢ vely studied this

on downstream from several dams is induced by en in-
eneified movement of send bars under unsteady flow conditions.
A8 a rule, to provide a na le waterway im such river chennels
it ie necessary to increase volume of dredging.

Some Soviet mnﬁifutm (®.A. 'ki N.I.Hakkaveev
Pyazoke, A.V.Serebryskov mggnt that rapi nm tion of Scr-

formed at the node of confluenc a regulated river end en un-
reguleted tributary is cansed b,y dolqnd and :lo'u-ad peak flood

in the principal river.

Steepening of the open surface slope obssrved within the
mouth mchdmtrihtmu-oemm by increase in flow
velocities and solid dischmu the tributery, nth solids de=-
positing on the bers within the node of confluence of
pal river with the tributary.

0f great interest are inn-ﬂ.ptim by A.V.Serebryskov of
the effect of changes in the thermal regime of a river due to
creation of a large reservoir not only on :I.tl 1“ regime but also
on sediment transportation. In particular, V.Serevryakov estab-
lished that at lower water temperatures fimomiog By scouring capscity of
the flow decreases while its carrying capacity increases.

L Prof .Métrai’s lecture has agpurod as a separate volume of
General Lecture on Subject C.
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lower temperstures of water registered downstream from large re-
servoirs Eas compared to unregulated rivers) during the spring
end summer periocds, l.e. during the periods of most intensive
channel modifications, contribute considerably to the total sta-
bility of bed forms. The phenomenon is more pronounced on rivers
flowing in chamnels composed of eand with large amount of part-
icles less than 0.6 mm. While predict river channel transfor-
mations dowmsiream from hydropower plants under design the above
considerations should be kept in wmind together with the data pre-
gented in the paper. Thank you!

%35359’¥ﬁ Are there any questioms on this psper? This whole
question on the effects of tewperature on bedforms is one of the
really intriguing aspects of sediment transport. The fact that
over certain ranges of temperature a change of only a few degrees
can cause the whole character of the riverbed to chenge from e
dune-covered one to a flat one end hence alter the entire sedi-
ment transporiing characteristic of the river is reelly ome of
the most difficult aspects of sedimemt transportation engineers.
It is interesting to see that thkis has been studied out of a
g;so gf temperature regulation by reservoirs. Are there any ques-~
ons

‘Well, you will have further opportunity during the general
discussion session. I propose now tﬁat we adjourm for our break
and resume agein on schedule after 30 minutes that would be sat
15:15 p.ms So that won't be exactly the schedule given on page

15 but let us have a 30 minute break end then reconvenme for the
consideration of the rest of the papers. How msy I ask you dur-
ing the break, please, to fill out these forms which I mentioned
to you st the beginning of the session. I slsc propose for the
balance of the afternoon session, that we will proceed in the
following way: After the presentation of each paper we will csll
for gquestions and discussion of that perticular peper and then
at the close of the afternoon session we will have a pericd for
renewed discussion for all of the papers end of the entire sub-
Jeet. It apgears from the information now available to me thst
not all of the authors are present this aftermoon, two are miss-
ing, that will give us some added time for discuesion of the in-
dividual papers as we proceed. So, if you would adjourm for our
break we could cenvene at say, 20 minutes after three. Thank you!

Chairman: Again with a small edministrative matter.

I have two announcementa. First of all comcerning the folk-
~dance performance to-morrow evening "Wedding Feast of ZEcser”
which is on your program. May I ask you to pick up your invita-
tions at the information desk. This was not included in your me=-
terial which you received at registration. Buft please, pick them
up at the information desk. Similarly, the written version of
Professor Dégen’s lecture what you heared this morning is availi-
able at the ormation desk. And you are invited to pick them
up, also.

Now, I trust that during the break you had the opportunity
to £ill out the often mentioned forms so if you will see that
they ere given to one of the young men standing around to bring
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them up to the podium.

Let us turn now to the continuation of the presentation of
the technical papers. It is my understanding that Mr.Kray, suthor
of paper Cl is not here. Is that correct? Or is he present? Or is
there someone who will present the pasper for him? Well, Mr. Kray
gets another item in his publication 1list but we do not get +to
hear him. Likewise, I understand Mr.Liby, author of paper C2, is
not here. Is that correct? Or is there someone to present the
paper for him? We heared paper C3 just before the break. And we
are now to go to paper C4. "Effect of Runoff Control on Ice Re-
glme of Rivers and Terms of Navigation". By K.J.Rossinsgky and
A.A.Kondratskaya. Now it is my understanding that neither of these
authors is present but that the paper will be presemnted by Dr.
Onipchenko. Dr.Onipchenko, would you come foreward please?

G.Onipchenko: Mr.Chairman! Ladies and Gentlemen!

Authors, Mr.Rossinsky K.I. and Kondratskaya A.A. suggested
the paper on the influence of run-off control on river ice regime.

Prom the analysis of ice regimes st dammed and natural riv-
ers the authors made the followlng conclusions:

Water storage reservoirs entalls conslderable changes in the
terms (time) of complete freezing and ice break-up. The reservoir
freezing comes later than on rivers freezing under natural condi-
tions, especially subjected to the action of winds.

In lasrge storages the ice usually melts on the sapot.

The terms of welting can be forecasted by the ice regime of
large lakes located nearby.

If the river flows from the South to the North the lag of
regervolr break-up can entall ice-jams in its headwaters 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 navigation is deterwined by the term of reservoir
break-up, therefore the asuthors suggest to use lcebreskers as the
moat effective means of prolongation of navigation.

In downstream pools of hydraulic power statioms & river
stretch free from ice (polynia) is formed, the lemgth of which
can be controlled by means of smooth change of water releases
from the upper reservoir.

The investigstion of thermal balance of water mass in down-
stream pools of hydroelectric projects makes it possible for au-
thors to suggest formmlas of determination of polymia 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
rivaer Angara for fighting egainst ice gorges in the area of con=-
struction. The polynis was maintained 350 km in length up to the
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spring by water relesses from the Bratek reservoir. This accele-
rated and facilitated the conditions of ice bresking in spring.

It is necessary to avold sharp change of the discharge which
leads to ice bresking snd winter ice drifting. Thank you.

Chairman: Are there any questions which you went to sddress
to Mr.Onipchenko? Concerning this paper? If not, let us continue
then %o paper C5, which is authored by two collesgues from e
neighbouring country, Mr.J.Szolgay end Mme A.Stanfikové, from the
Weter Imstitute of Bratislave. I belleve the paper will be pre-
sented in Hungsrian so those of you who do not understand Hungar-
ien should put on your tremslation head-phones.

Mrs.A.Stankikovd: Dear Colleegues, I try to tell you what we
have done concerning a new barrage just being designed on the
Czechoslovek section of the Demube. The designers asked the re-
seerchers what the ice conditions will be under the new circum-
stances. We have tried some calculation methods. First we calcu-
lated the appearance of the first ice on the basis of statistical
analysis. Then the thermic balance was applied, finally the syn-
optic situation forecast. The statistical method gives only =&
firet information. It hes not yet been possible to put every-
thing, climatological, hydrological and morphologicel deta, in=-
fluencing the ice conditions into the calculations. The synoptic
method has not yet been elaborated to such & degree that the cal-
culationg could be considered accurste. We liked most the thermi-
cal bslance method overtaken from a Soviet researcher,Shulyskova-
kiy. First of all we calculated the first sppearsnce of ice on
the Austrian Danube stretch, begun from 1927 when the Kachlet
Barrage was already in operation. The calculation embraced the
period to 1964, when the Danube had ice in 29 winters. These 29
winters are tsken as 100 per cent and in 84 per cent the ice ap~-
peaered at the barrage 1 to 40 days earlier. In 14 per cent the
first ice on the Denube appears Just on the same dey when et 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 dates of the first ice for the Czecho-
slovek Danube section at the barrage and informed the designers
about the expectable ice conditions. Thank you.

Chairmen: Questions? Comments? Now we will continue with the
pepers and leave the general discussion until all papers have
been presented. Our next presentetion comes from Canada. Dr.Ges
Teang is in the Hydraulic Divigion of the Canadian Center for In-
land Waters. His paper 1s entitled: "Ice Piling on Lakeshores;
with Specisl References to the Occurrences on Lake Simcoe in the
Spring of 1973". .

G.Tsang: Thank you, Mr.President! Ladies and Gentlemen!

The paper deals with ice piling. In fact, only the ice pil-
ing of lage 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 leke Simcoe snd so people mede a
lot of noise. Because people around the lake have built many cot-
teges. In Canada when people are so rich that they cen build cot-
teges they usually make a quite big noise. And so my boss =seaid,
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0.E. go out and make some study. So I went out and made a study
about it, and that is what I have found so far ss it iz reported
in the paper. I found that ice piling can cause gquite bit of
damage. Especially for houses close to the laskeshores, and the
main reason of ice piling is not by strong winds as many people
believe = by the same reasson as in icy regions in the arciic area
- but by the change of direction of the wind from the onghore di-
rection to the offshore direction, and the speed of the wind can
be quite low for one instance, and we found that ice piling may
occur under & wind of less than 6.75 m/e. This decimal number
comes from converting the units because as you know we use Brit=-
ish units so now we are supposed to convert to the metric unite,
and so this is roughly sbout 12 or 16 miles/hour.

And I had an ice piling about 30 feet or 9 metres. And that
was the highest. And we also found that won't occur if temperat-
ure is about O °C because at that time the ice sticks together
snd the friction becoumes high end so they won't pile. Bamed on
this observation, I have made some numerical anslysis om it and
come out with a couple of formulae to predict the heights of an
ice pile, the size of the ice floe and the base angle end =also
predict the time required for an ice pile to occur and also the
width of the water gap that has to be available for ice to pile.
The findings were confirmed by a few observations, at least by
the date we have. On continuing this project this yesr in the
coming spring contimued observation will be done on a weather
station that has been nmewly established at the lake-shore at one
locstion where last year we had a big ice pile, and we also plen
to put some current meters close to the shore ss soom az I go
back from this meeting in Canada and we also try to teke the
soundings and so this probably will answer the question of Prof.
Hanké on the slope effects of the bottom om ice piling. And also
to have & survey of the shape of the ice that is what affects the
shape and the size of the ice floes. We are going to put, to draw
big signs with a dye on the floes and on the ice cover and then
we take up with an seroplene and take plctures before and after
the ice pile and so take a measurement to see how plling occurs
and hopefully we will have some more date to come out which may
lead to further improvement of the analytical treatment of the
problem. In fact, I after reading my paper on the plane with
which I came over, I have read snother paper by a Hungarian sci-
entist, Mr.GySrke, end it seems we have had the same problem. And
80 I am quite haeppy to see that the scientists all over the world
gee water problems in the same way. Thank you!

irman: Thank you Dr.Tsang! Are there any question +to the
addressed concerning this paper? Yes, Dr.Ashton of the United
States. I think to be translated you have to come to the micro-
phone.

G.Ashton: The observation of the author that overriding oc-
cured s nigh percentage of the occurrences and that undersliding
occurred in but a small per cent of the cases observed is most
intriguing, particularly since piling was not observed to prog-
ress in the latter cese. This gives rise to two questioms. Pirst,
what behavior resulted after initial undersliding, and second,
would it be reasonable to utilize some form of protective struct-
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ure to encourage undersliding as & means of local protection
against ice piling?

G.Tsanz: The question may be answered in this way: Now when
you heve itwo pieces of ice the upwind piece will ride under end
when this hits the first plece of ice it can only go down and
camnot come up. And if it 1s going down -~ because in that area
usually is & quite low tempersture - so likely it will stop there
and therefore the mnext one to come, it has to slide for a much
longer distance. So it has not sufficient momentum then go up.
This is how I have seen it. There is another phenomenon "rafting"
which really is a buckling. And to the problem that you have more
overrunning then underrunning it is due to the wave form.The wave
usually gradually increases and you have an abrupt coming down
and so I think you will have a better chance of coming on the top
of 1t. And I think really if you can come up with some mathod how
undersliding occurs 1t would be a good idea. You cam it try out.
And in fact for the method, for one of the methods I proposed, it
would be nice to try out.

Chairman: Any questions? Dr.Starosolszky?

8.Starosolszky: Thank you Mr.Chesirman! May I rise the ques-
tion concerning e forces erected by the piling of the ice. Are
you intending to measure the forces and if yes what type of in-
strumentation do you want to use? And simultaensously may I have
a slight comment concerning the piling of the ice on Lake Bala-
ton? As you kmow Leke Balaton is the largest lake in Central-
-Furope located in the middle of Tresnsdanubia in Hungary. Its
length 1s about 77 km and the width sbout 8-10 km. On this lake
Prof.Cholnoky at the end of the last century has measured ice
pllings on the shores. The raesults of hls messurements have been
published in a book sbout the beginning of this century.And these
results are supporting the results which have been discussed by
you. And on Lske Balaton we have quite a big problem with the di~
latation of the ice cover. This dglatation 1s caused by the tem-
perature veriations of the ice cover especially in the days when
we have quite heavy changes of temperature. E.g. in the morning
or in the night. And the main troubles = according to our opinion
~ are caused by this dilatation and not only becsuse of the wind.
Thank you very much!

G.Tgsang: To enswer the first question concerning the measu-
rement of fﬁe forces my answer 1s, I em efraid, no. The reason is
because simply we ln Canada do not have many people and support
to do the job. In fact, many times I have found I am doing things
singlehanded and this is quite difficult. And I am glad to know
that I have some support from observations from this lake in Hun-
gary. Which seems to me a little smaller than lske Simcoe 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 & Canadian by the name 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 siress
in there. And if you have a stress comcentration now you need =&
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1ittle wind to make mome wave underneath and that would probably
the mein ceunse I think for bresking the ice. Pirat you have s
wind enmergy and that goes into the wave and water and then you
have a wave change and thim energy goes in the ice cover from
the fluctuation, from the vibretion, the kinetic e of wave
[ 8 has to go somewhere and it goes into bresking the ice cov=
er. This is the way I see it.

%ﬂﬁ Other questions? I may raise & question in connec-
tion e ml{uh with the introduction of e friction coef=-
ficient. A constan rriet:lun coefficient. Do you know that much
work has been done to measure the frictiom ccefficient im stuck
ice under dynamic conditions?

g_% I tried to find some material end I could noi, be-
cause nobody so far has gone out to measure the frictiom of ice
under natural conditions. And by the way, some has come up
to my mind. In my paper I used a numericsl method to integrate
this distance and then I found out this which can be done also
enalytically.

%ﬁ% I think thet in due time it likely will be found
thst ction coefficient is very velocity dependent. And
this is what we ere finding more commonly in shear strengths and
compressive st tha 2.....) fragmenting ice. It is really very
velocity dependent that makes the problem even more difficult.
One other comment. I have concerns to temperature distribution
in ice floes. The taz centimetres being ected I think this is
a very loose generalization thet one cannot bank om too much, be-
ceause it certainly will depend first of sll on the rate of tem-
perature change end of course also on the magnitude of it. There
was some more published in the United States in the past yesr by
two investigators in which they integrate non-steady heat flow
equation for ice~floes tn]dng to account the temperature de
snce of the thermesl diffusiv that is the conductivity of the
ice and slso the effects of s ity. So it is now time to mske
a generalized graph to take predictions about the temperature
veriations within the ice. Other questions? Comments? Thank gou
very much, Dr.Teang. The seventh pa and the lest one listed or
acheduled for today is a contribution from VITUKI by Mr.O.GySrke
under the title: "Ice Problems in Lakes and in Headwater
Reservoirs on Canalized Rivers™. And this paper follows properly
after the lesst one. Mr.GydSrke, please!

0.0y8rke: Mr.Chaeirman! Ladies end Gentlemen!

I am duling in my paper with ice problems in lekes end in
large impoundment reservoirs in canslized rivers. In periods with
strong winds and et locations where the width of the exposed wa=-
ter surface attains or exceeds a certain extent wind generated
waves and currents will occur in the water body. If there ere, 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 resultant of currente due to grave
ity end wind action further by the movement imparted to the ice
floes by wind. Where the ice frea fetch is long, the wind-gener-
ated currents and wind imperted movement of the ice floes govern
fundamentally the direction of movement and the velocity o
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floating ice floes. If the flow strikes en obataclsz, solid ice or
structures they accumulate and the resuliing i:n remainas station-
ary or continues to move. This jam formation always accompa-
nied by energy trensformstion. Thie phenomenon occurs regularly
in Hungary on Lake Balaton end to & much lesser extent on the
Degnube elso, at locations where the flood bed in the direction
of the wind is wide enough. In the wide bsckwater impoundmenta

of canelized rivers and in storage reservoiras wind generated ice
movement and jJamming must always be anticipated. The conditions
for the occurrence of this ﬁuounaa and the possibilities for
averting the damege cen be investigated by e dynamic analysis of
the ice movement.

I tried here to put into equation the forces ecting in this
phenomenon, see Eq.l. in my paper, end to evaluaste the kinetic
energy cerried by the moving ice. See Eq.2.

But for using these two equations, in computations some
quantities, which are also enumerated in my paper, must be deter-
wined. At the time, when we did not have velusble dats for theses
terms I estimete that for practicel purposes the critical extreme
values sre probaebly of interest. Reasonable estimates play an
importent role here. To assist in these estimates attention 1is
called to certain frends.

a) The size and the destructive power of the forming jem are
gnntronad eventually by the mass and velocity of the s
CEe
b) The dimensions snd destructive gmx- of the ice Jjam sre
ater if e coherent floes strike the obstacle. The large
loes tend to become pushed over each other at the obstacle, but
break up mostly near the top.

¢) The destructive effect of inning can be reduced m
loﬁg. th:n gguibinty of deformation work taking place d

ieces.
In order to vent and avert damages due to jamming, furth-
er to promote winier operationm of reservoira the following con-
siderations should be Temembered:

1. Before designing the bank tections and structures,
further before selecting the locstions for harbours and ice
sluices the following information 1is to be collacted for s part=-
icular area:

- Periods with running ice.

= The direction of strong winde likely to occur during this

od .
- Sﬁﬁu basis of the foregoing, the shore sections exposed
to ice jamming should be selected.

2. Harbours should be situeted wherever possible along the
windward shore.

3. Ice release sluices are effective along the lee shores
where the broken floes sre accumulated.

4, Damages to the shores due to ice gﬂm; can be averted
by heving the jam be formed farther “.{1 m the shore, or by
preventing its formation at all. The following sltermatives
should be considered here: )
- if it is compatible with reservoir operstion, the level
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should be lowered, causing the ice to stop and Jam before
the bank slope, as in Hungsry,

- at constant water level interception and jamming should be
promoted by structures situated before the banks and de=
flecting the ice upwerd,

- causing the ice in the vicinity 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!

Chairmen: Thank you Mr.Gydrke! There is at least one pre-
pared discussion of this paper that of Mr. Brachtl of Czechoslo-
vaxia. Please Mr.Brachtl would you please come to the floor?

I.Brachtl: Mr.Chairman! Ladles and Gentlemen!

Mr.GySrke spoke about the damages due to ice jamming in Hun~
gary. I would like to inform you about the possibility to grevent
such damages used at some smaller rivers in Czechoslovekia™......

Thank you!

Chairman: Thank you very much to Dr.Brachtl this very in=-
teresting presentation and deacription of an intruiging mesns of
ice control. It is slways a good idea to keep the ice where it
makes the least damage. Now, are there sny further questions on
or of the discussion on paper C7? Are there questions?

¥ould anybody 1like to address any questions to Dr.Brachtl
concerning the ice control structures he just described? Tsang?

G.Tseng: In Canada and in the United States ice comntrol is
often achlieved by using ice booms. And as I noticed from Dr.
Brachtl’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 North-America.

Chairmen: Mr.Brachtl, would you like to reply this?

I.Brachtl; It 1s quite difficult to reply because my English
is not on the level that I could speak fluently but we have no
experience with ice booms which are used 1in Canasda, I kmow some
experiences obteined from St.Lawrence River snd around Niagara
Palls but in this cese 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 cases 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 not quite sure that we will have
time enough to put the swimming booms away. And in the lower re-
gion there is a bridge.The piles of the bridge are not far enough
and there was a danger that the swimming booms will clog the
bridge profile and will cause a great damage in 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 end
the amount 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: Purther observations on ice control structures,
Mr.Hurst?

Ch.K.Hurst: Concerning the difference between the ice boom
which~we have 1u the North-American practice and the ice struct-
ure which was here discussed - the ice boom which is used c¢lose
to the Niasgara Falls is to encourage the formation of ice in the
beginning of the year. So, you maintain 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.

Chairmgn: Dr.Starosolszky?

0.Starosolszky: Thank you Mr.Chairmen! Let me address a
questIon %o Dr.Brachtl. I would be interested about the design
method of this piling. Did you take into consideration some spe-
cial loadings erected from the ice. That means, I would be in-
terested about designing of the opening between the front piles
and simultaneously the loads but you have to take into considera-
tion when designing the stebility of the apecial form of the
piles. Thank you!

I.Brachtl:'In dimensioning of the structurs we took the ba-
gic hydrologlc data about the water level in winter period, it
means lowest and the highest. In the last case in a section where
peaking occured twice a day. Or three times & day. And therefore,
the top of the ice comtirol structure is & little beneath of the
water level of the peaking. The opening between the structure is
chogen 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 piles will form a
crystallization of ice forming end that also ice will grow from
these piles on the sides. And the coming floes will clog. We do
not like to clog ell the structure end in the period of peaking
the ice cover moves upwards. And in this time it i1s necessary to
have enough place between the ice cover and the bed in the pro-
file for the discharge of the water to flow. And during peaking
go the ice cover forms and forms upwards, straight upwerds, so
the river is protected from heat losa. And during winter, the
whole quantity of ice 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 imow 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 that other ice that will come will flow over
the structure. It will be pushed over the structure.

Chseirmen: May I ask how thst inclination was determined?

i.;!nahtlx To tell you the truth, it was determined only by
8 feeling or guess. We observed several bridges, severasl bank
formations snd afterwards we have chosen the inclinmstiom and it
geems to be gll right in this case. It is working.

Q%f-&l'“ Are there other gquestions or contributions on this
subjec "

Ch.K.Hurst (7): It seems to me that this kind of structure
and the ice boom both have been in many respects & common func-
tion. Now the queation is which could be used on & section which
is navigeble and must ha. moved in some ways.

Chgirman: There is one mors comtribution which is not listed
in your progrem. The paper wes included es & separate in the ma-
terial ch you received at registration.

Thet is the paper from Dr.Simmler on some espects of ice
formetion in river reservoirs. Is Dr.Simmler here? Or is & vre-
presentative of him here? To resd the paper?

.If not, I would open the floor to the general discussion of
all of the papers and of the subject as a whole. Dr.Starosolszky?

8.starosolazky: Thenk you Mr.Cheirmen! If you do mot find
too funny thst I went to discuss with my distinguished colleage
Prof.Mdtrai on this floor, I way rise the question concerning the
problem of the model tests of the ice runs. Prof.Mdtrai has =a
stetement in his general lecture on p.7 in Sectiom 3 in the
second sentence: "The model tests commonly edopted for estimating
flow conditions yield little informetion on ice-run conditions."
This is the question very frequently discussed among engineers
who ere devoted to the practical problems while working in prac-
tice snd among researchers work in laboratories. According to
our opinion it would be very difficult to meke model tests, real
model teats concerning the ice formetion on the rivers. Because
in this case we need special thermal labs which are very rare sll
around in the world. But when we are dealing with ice run condi=-
tions, according to our opinion, there are phenomens which may be -
modelled, which may be teated quite wll. Let me emphasize that
when we have a real sheet-flow and in the case of ice-run we have
e real twodimensional problem on the surface of the river and
when we are not too much interested in three-dimensional flow in
the river itself we can prepare s model-test where the similari-
ty may be ensured. Teking into consideration only the surface=-
-pattern. And in this csse when we sre interested only in the
ice-run conditions end not interested in the stoppage of ice-jam-
ming the model tests may be used. Of course, if Prof.Mdtrai will
not nsre;l-uh we mey I ask him to discuss with me. Thank you
very muc

I.Métrai: I like to give wy ides sbout this model-test. It
wou

er in Hungerian becsuse my English is not perfect
but I will try. My idea was that the perfect model testing is
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always & problem. But my ideas was first of all that when the ice
is moving, this two-dimensional motion can find a good meterial
to make the ice floes - {ou cen calculete the weight of the float-
ing possibilities - and I think this is correct. But 1if the ice
ie moving in resl life this has e strength of 22-2C kg/cm® and
when ice is breeking this is even greater end this is the resl
problem. When the ice is moving and breaking we cannot do it in
model tests and first of ell when ice is jemmed we cannot do 1%
in model tests. That wes my idea for the perfectionm a little of
this problem but I do not know how to do it. Thank you.

Chairmen: Yes, please. Mr.GySrke!

%L As for the model tests. To model anything with
erfec arity is impossible. We sre modelling in our prob-
ems phenomena in which there are different processes, some of
them interesting for us. The ice problem is ome of them. There
are different processes:

- the {,ronsa of ice formation is a thermal ess. It can be
modelled but the modeling is very complicated it is not easy to
follow the floating ice plece as a solid on the weter.

When the ice is treated es a solid matter, floating on water
and is not necessery fo take into account the inner force, the
rigidity of the ice, it csn be modelled in & fluviel model only
as & matter which is flosting and the similarity depends only
on current velocities and the mass of floating pieces.

But if the phenomena depend on the idity of the ice mlso,
- the ice jem is an example - where etic energy comversion
tekes place then the modelling process is other, one must take
into consideration the inner properties of the ice materiel.
Any modeling method hes its rules end it must be decided always
what process ig decisive in thie phenomenon, snd model this
process. Thank you!

' : Thenk you,Dr.GySrke! I would ask if there 1s a

reply%o problauy:u;:e modeling?

;,ﬁgﬁ} : Thank you for the possibility of replying!I think
you have underlined n; opinion nng there are lots of problems to
solve in this field. you very muchl!

g?;,%y_ Thank you, Prof.Métrai! I would tend to support
this view also. At the laboratory where I work we sre dirscting
continuous attention to the question of modeling ice phenomens.
Pirat of all the question of modeling ice forces on structures.
This work has been conducted by my collesgue Dr.Schwertz, who is
a visitor from Hennover. He has found that he can give quite good
wmodel-prototype correspondence in the case of ice forces on ver=
tical structures. If he uses fresh water ice, provided sufficient
attention is given making the ice crysteals small enough and pro-
vided further that one uses en appropriate reference strength.
That is sey, the compressive strength under closed conditions.Or
under eimple compression tests. However, in the cese of forces
on inclined structures where bending becomes important, them it
is necessary slso to use reduced strength ice, say =alt water
ice. Now in the questions concerning the kinematice and dynamics
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of ice, such as the formation of ice-jams I think if you are in-
terssted in just the kinematic aspects of the ice movement then
one can get pretty good or at least useful information using some
form of artificisl ice - we are asll eware of the various types
that have been tried. However, if one was going to try to model
the dynamical espects also that is to say the thickness and rate
of accumulation in an ice-jam then - I believe - one is 1likely
going to have to use some actual ice or at least some ressonable
reproduction of ice because the limited datas available indicating
the strength, the compressing strength of the fragmented ice en-
gemble and the shear strength, are so dependent on the rate of
deformation, it seems to me that it is going to be very difficult
to find an ertificial material that would model this. Of course,
we have thess modeling limitations end there are meny other prob-
lems too in the case of all but the simplest problems and I sus-
pect that in the case for modeling sediment transport problems,
modeling ice problems continue to be at least partiaslly am art
for some years to come. Are there other questions or commentas
from the perticipants? If not, you ellow me to attempt to sum-
marize shortly and perhaps in an oversimplified way my view of
the afternoon’s proceedings and after I sm finished I will sask
once mpgein if people would like to disegree of what I would say
or smplify what I say or make some other gquestions.

It seems to me that the problems that have been discussed
this afternoon cen be reduced at least to four gemeral catego-
riea. Firat of all is the continuing question of ice productionm,
or the thermsl balance of stresms. It is interesting to speculate
sbout what the future might bring on this subject. 4nd I am re-
minded by a Joke I heard at the first ice symposium in Reykjevik
some in 1970 = I am sorry I cannot recall who told the Joke =
but it had to do with ice control in general and it said that.the
best ways to handle ice problems was to just avold ice and 1in
this regard we should lesrn the lesson from the Volkswagen, with
its eir-cooled motor. By simply eliminating water from the cool-
ing system and using air they have avoided the freezing problem.
So, in a Volkswagen the motor does not freeze only the people
freeze. And certeinly this is a good thing to avold a certain
problem. I think that if the emvironmental standards are more re-
ssonebly interpreted we might be in the position on major rivers
of the world to avoid many ice problems and preventing ice forma-
tion. In the United States = if I may allowed to recount one ex-
perience ~ we now have a gecond year opergtion of a large thermal
diffugor-pipe on the Mississippi River. Just west of Chicago. At
the point was the average discharge of the river about 30 000 cfs.
4 1600 MW powerplant discharges 2270 cfs of water into the river,
practically in ldeal 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 and so far
this winter the ice for some distance downstream from the diffu-
sor-pipe has been in effect eliminated. There is still the prob-
lem of ice coming from upstream eapeciaslly when there is a wind
from North to South. But the problem of large scale ice sccum-
lation from this reach have been eliminated. And what 1s perhaps
more important end interesting is the fact that the bilologists
who are conducting intenslive studies on this resch of the Missis-
gippi River report no measurable effects at all on the fish popu-
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lation, on fish siges, not only the fish but the whole structure
of life in the river seems to be unaffected. So, one can look
foreward perhaps to the day on large riverways where we would do
a geries of nuclear plants which would use the river water for
cooling during winter and thereby supress the ice and during the
suzmer we would likely use other cooflng methods such as cooling=
-towers. So, perhaps one of our ice roblems will go away but
there will continnously be here the proglem of ice production and
this is the firgt category of problems that I digcuas today, that
is the thermal regimes of river, the problems of estimating the
heat transfer from the floes +to the atmosphere. The techniques
that we presently use in the United States in general take ac-
count at least in an approximate way of the various components of
the heat transfer: radiation, conduction, etc. And then put these
together in a generally linearized and somewhat synthesized rfor-
mulas, e.g. there is the ......) equation that expresses that
heat tranafer in terms of the difference of the water temperature
and the equilibrium temperature. And recently Macagno put forth
another lineariged method. These tend to be quite good provided
that the meteorologic data are good, so we are more and more de~
pendent on weather forecasting.

The second general problem concerns stresg, strain,strength
relations.

In any problem, when we have to manage ice once it is for-
med, we found strength relations. And in any problem connected
with ice once it has been formed, we need knowledge about the
strength of ice and I refer not only to ice sheets or uninrmpted
or I should say integral ice covers bat g:rhapa equally important
fragmented ice.I think this is going to a very difficult prob-
lem, during many years to come.Because the solid mechanics people
who are working on guestions of strengths of the simplest case
you can imagine ~ that is to say on simple ice under one dimen-
gional compression = are finding very difficult problems arising
in attempting to formulate critera. It is diffioult (eeee...

This company was suthorized to put his plant into operation only
after ggreed to operate the diffusor-pipes for 40 wmonths. During
these 40 months they are conatructing a spray-canal system, which
would be a canel 2 1/2 miles long 700 feet wide end equ1p¥ed with
1200 nozgles to spray the water in the air for cooling. his is
what we call a back-feeding Job. The cooling system is put in
after the plant is built. And, of course, it is hard to get the
best match or agreement between the cooling system and the rest
of the plant. Only the 1ife of the project, the cost of the cool-
ing system plus the cost of the power it takes to operate this
alternate cooling system, which makes 5 % of the power generated
by the plant plus the reduced power output because of lower effi-
ciency = that is higher back-pressure = will cost to the power
company between 80-100 million dollars on a power plant that only
cost 200 million dollars to build. That was the last case that
they would obliged to build it. Now, we have the power crisis,
and there im some question whether we would operate it at all.
Because the roughly 60 MW that takes to run the cooling system isa
in. very great demand now elsewhere in the system. So you can see
the swings of preference and how explicit they have been 1in the
United States. The swings caused by the environmentalists even if
you present data to show that you are not Hurting the environment.
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Igs this an answer to your question? Are there other ques-
tions?
Observations, Discussions?

If there are no further questions, I will conclude as.I be-
gan on some adminlstrative detalls.

Pirst 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 visltors knowwhere 1s the Hotel Budapest, so 1t will be very
convenient for you. I algo would like to direct your attention to
pp-16-17 to the alternate morning programs that are available
tomorrow on Wednesday and on Thursday, 1f 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
at the information desk.

Well, I would like to thank you very much, Ladies snd Gent=-
lemen, for your attention this afternoon, thanks to the suthors
that presented papers and to our genersl lecturer, Professor Mdt-
ral, for his excellent presentation. Finally I like to thank my
co-chairman Dr.Z.Hanké for participating on the podinm ané I
declare this session to be ended. Thank you!

As addition to the material of Subject C, on the following
pages Dr.Brachtl’s paper is printed.
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ABSTRACT

.

Ice and frazil accumulation during ice run or due to peaxing
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 region is
to construct ice control structures. The ice control structures
make possible to retain the moving ice and frazil on the chosen
site, where no greater economic damage can arise.
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During the frost period ice and frazil forwmation occur on
Slovakx rivers. In the course of thawing or temporary flow increase
the ice wass sets out to nove and freezes up again in some of the
lower river reaches., Thus the ice jaus may be formed Jeopard1z1ng
the adjacent areas with floods.

After the cowpletion of a water scheme or a whole cascade of
water scheLes & basic alteration of winter river regime is induced.
This chanze can be seen most expressively within the area of the
bacxwater end and in the section downstream of the water scheme.
Zspecially during the peaking operation the discharge wave entrains
the drift ice, border ice and frazil, deposited in the empty river
channel. After the teruination of the peaking this ice mass will
deposit either in favourable sites of the river chamnnel or at the
backwater end of the next water scheme. There it freezes-up for-
cing & solid barrier and causinga considerable water stage increase,
often with resulting ice-flood.

iie have been facing similar problem already in the course of the
construction of the water scheiie, when for the diverting of water
tnere is only availeble a reduced channel or the structure dimen-
sioned for the diversion of the normal discharge in the respective
period of construction. The jamming of this structure or of the
reduced channel would cause the flooding of the construction site,
dazages on the structures under construction and deley in completion
of the water schete.

One of the way how to prevent the abovementioned difficulties
is to trap the advancing ice and frazil in a location where the
prospective occurence of an ice jam and inundation will have no
sconoiiic effects or - in an extreme case - smaller effects than
vithout any external intervention.

The advencing ice and frazil can be held back by the so.called
ice cortrol structure. For this purpose we use in our country simple
wooden 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 surmer floods. Ice
control structure operates more efficiently when installed in a
section having a swaller river channel slope, or at the downstream
end of this section.

Within the period of the construction of the DomaSa water sche-
e on the Ondava River the water was discharged through two tunnels.
If one of them would be clogzed with ice floes during ice run or
with timber during spring floods the construction site would be
flooded and the earth dam under construction would be damaged. There=
fore, the protection of the construction site by means of ice control
structures was recoumended, These were made as simple driven wooden
piles, plecea close to the bridge profile, about two kilometres up-
siream of the construction site. This profile has been chosen for a
wide leftside inundation confined in the lower part by a high road
enbankment leading to the bridge. The designed system of ice control
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structures has been adopted since 1964 and proved to be Buccess-
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 Horndd
River has changed substantially also the winter reziwme of the
Hrilec River, flowing into the reservoir. As to protect the
village Jaklovce - situated at the entrance of the Enilec River
into the reservoir - from annuaelly occuring ice jams, we have
designed its protection using the ice control structure. The
heignt of the respective elements of the structure and their
spacing within the cross-section were desigmed So as to allow
the water to run off through the central pert over the ice con=-
trol structure on one hand, and round the ice jam on the other
hand, if this would be too high /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 be efficient
during the 7-year operation.

A part of the town filine is situated at the backwater end
of the reservoir Hrifov, The winter regime of the VAah River in
the reach between the hydraulic power plant Lipovec and the Hri-
ov reservoir is influenced by the peaking operation of the ay-
dropower plant Lipovec. During the oreaks between peaking sowe
reaches of the stream freeze-up and in the reaches with a zgreater
slope frazil occurs. In the course of peaking this ice and frazil
are transported towards the backwater end of tne Hricdov reservoir
where they deposit and clog the channel. Thus the adjacent part
of Zilina is endangered by ice jamming.

A8 to protect the town from flood the ice control structure
was proposed to be constructed in the reach of the Vdn River up-
gteam of the town. The ice control structure congists of 61 steel
piles sunk in holes @ 200 mm, filled with concrete /Fig.2/. The
height of the ice control structure was chosen so, that in case
of the clogging of the whole profile with ice and frazil in the
winter period or with timber in the summer the inundation profile
would be adequate for conveying the flood wave /Fig. 3/. The ice
control structure nas 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 intend to reconmena and
design them also for the protection of other jeopardized sections
of Slovak rivers.
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CLOSING SESSION

16:30 p.m. January 17, 1974

.Vandervelden, Chairman

Dégen, G.Fekete, T.Hayashi, Members

g.Bogérdi and
S

H
I
J
H.J.Schoemaker, Invited Speakers

H.Vandervelden, Chairman: His Excellency Prof.Dégen, Ladies
and Gentlemen! N

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.John Bogdrdi, chairman of the Scientific Committes of
the symposium who will summarize for you the gained results and
conclusions and formulate some propossls which arose out of the
discussions.

J.L. Bogdrdi: Mr.Chsirman, Ladies and Gentlemen!®......

Chairman: Thank you very much, Prof.Bogdrdi, 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 summary gives us not only an actuel
gituation of the resesrch work as indicated in the preprints of
the pepers but conteins at the same time a program of the work
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 available in the next future. In the "Journal
of Hydreulic Research " end in the PIANC Bulletin our associg=
tions will inform you and their members where they can obtain
these volumes.

Now, I would like to introduce to you Mr.Ashton who repre-
gents the Organizing Committee of the next symposium on ice and
I give him the floor.

® The text of Professor Bogdrdi’s lecture follows on pp.153-lod.
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G.Ashton: Thank you, Mr.Chairman. On behalf of the Organiz=-
ing Committee of the International Associstion for Hydraullc Re=-
search, International Symposium on Ice Problems I wish to invite
the gttendees of this symposium to attend a symposium on ice
problems at Hannover, New Hampehire, in the USA from 18 to 21 Au-
gust 1975. The symposium will be eponsored by the Cold Regilons
Engineering Research Laborstory and the meetings will be held on
the campus of Dartmund College. The theme of this symposium will
include extended season navigation of inland watsrweys, ice-jam
control, effects of sea~ice on marine structures. Shortly, there
will be a second circular distributed. Many of you should have
received the circular wmuch like this one which I have a few co-
pies left. There is not any here I have it down at the desk, you
may write there if you have not received omne. Also, I have
the wembership attendance of this symposium and will be sble to
send out the circulars to those addresses. There also will be &
gtudy-tour after the symposium. It definitely will include the
St.Lawrsnce Seaway, of which we have heard quite a lot here to-
day. And, of course, there will be a Ladies' Program for the ac=-
companying wives. Thank you.

Chairmen: Thank you very much, Mr.Ashton. Ladies and Gentle-
men, in my opening eddress to the symposium I paid tribute to
Frof.Schoemaker, the devoted secretary of the IAHR as & fervent
promoter of the collaborsiion between water-oriented intermation-
el non-governmental orgenizations, who would strengthen theirco-
-operation in problems deriving from the use of water. As this
problem bescomes more and more urgent Prof.Schoemaker has been
asked to speak us about his opinion concernming this subject end
it wes titled: "Past Experiences with Future Horizoms for Co-
~operation between International Orgenizations Dealing with Wa=
ter." Prof.Schoamaker!

H.J.Schoemaker: Mr.Chsirman, Your Excellency, Ladies and
Gentlemen®e.cuvues

Chairman: Ladies and Gentlemen! Let me allow to congrafulate
Prof.Schoemaker for his most remarkable views concerning co-opera=-
tion between internmstional associations. This aim is certainlynot
easy to reasch but I am convinced together with Prof.Schoemaker
that within a few years this collaboration will be a necessity if
the associations want to keep their functions safe. Contects be-
tween the different governing bodies of international associa-
tions certainly make this co~operation possible. Maybe this sym-
posium was a first step in the good direction.

His Excellency Prof.Dégen, Prof.Bogérdi, Ladies and Gentle-
men!

On the behalf of the Intermational Association of Hydreulic
Research and of PIANC and on behalf of all participants of this
symposium I would like to congratulete His Excellency Prof.Dégen,

® The text of Prof.Schoemaker’s lecture is printed on pp.1l65-169
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chairman of the symposium and Prof.Dr.Bogdrdi representative of
the Hungerisn Academy of Sciences, %o the Sponsoring Committes,
to the Scientific Committee and the Organizing Committee for the
complete success of this intermational event. This certainly de-
monstrates how valuable was to grant sponsorship for this gether-
ing of experts on ice and rivers. The discussions in which many
experts and engineers took part in the spirit of mutual under-
standing have brought to light much valuable information. This is
yet another proof of the great value and fruitful resulte of an
-exchange of ideas on intermational level. Lastly, I would like to
pay tribute to the traditional hospitality of our Hungsrian hosts,
expresged by the most heartly reception Thursdesy night given by
His Excellency Minister Ceanddi and the moet enjoyable theatre
show of yesterday night and would ask you to join me in giving a
warm applause to our hosts.

And this must close our Symposium on River and Ice.
Thank you very much!
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At the end of the "River and Ice™ Symposium, which - and it
is my firm conviction - has been a very succeesful one and con-
tributed much to our knowledge on fluvial ice problems, - let me
add a few remarks about the present status and future tremdes of
ice research.

At first, concluding from the presentation of the general
lectures, papers and the discussions, it can be stated that the
41 pepers presented on the Symposium cover a wide field of flu-
vial ice research and reflects very well the modern tremnds of it.
Grouping the papers rather arbitrarily, we can see that 8 of {them
are dealing with the hydraulics of ice jams and ice covers, 5 pa-
pers analyze the interrelations between river=bed morphology and
ice jam formation, 12 authors presemt experiences regarding ice
effects on various hydreulic sgtructures end reservoirs, 3 papers
are dealing with the natural, respectively with the artificially
influenced thermal balance of water courses, 7 pspers with the
forecasting of ice phenomena, 2 papers with defemsive measures
sgainat ice, 1 paper with the problem of bridge openings and plers
built on rivers with ice floes, 2 papers with ice proteciion of
lake shores, finelly, 1 paper is surveying the general trends in
river ice research.

Undoubtedly, this grouping of papers is not without short-
comings, especially because several of them are connected and,
what is more, overlapping each other to some extent. In spite of
this, 1t cen be seen, that the hydraulice of ice jems and ice cov-
ore ge well as the ice effects on hydraulic structures and reser-
voirs are especislly tempting for the researchers.

Both research fislds sre reaslly very importent from practi-
cal point of view snd the related ice phkenomena can be observed
relatively easily, or in the absence of field data, laboretory
experiments can be cerried out.

Unfortunately, only the appearemce of ige, the formation of
border ice, ice covers and jams, the accumulation of ice sheets,
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the break~up of the covers and the disappearence of ice are the
most easily and reliably observable ice phenomens and only the
water end air temperatures, as well as the ice thickness are 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 s 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 observations are required. ’

Measurement of temperature, flow velocity and suspended sed-
iment concentration, especially their distribution in & cross=-=
-gection of the river is hindered or even made impossible by in-
creesing intensity of ice floe. Such measurements can be safely
carried out but through a standing ice cover, i.e.durlng & speci-
fied part of the ice regime only. However, intensive 1ice trans-
port under the ice cover can prevent us from meassuring 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 1ice cover or
hanging dam and that of its variation in time cen be made also on
suitable standing ice covers. Detailed field investigations on
heat transfer 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 appeares the demand
for collecting more detalled and reliable 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 countries. 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
started in Hungsry on various selected experimental river re-
aches, mainly for improving river training methods and techniques.
I think in countries under climates with regular fluvial 1ice re-
gimes, it would be suitable to select river reaches known of their
permenent 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 the ice~free seasons, detalled 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 1n order to obtain a reliasble rating curve corresponding
to the ice-free regime.

Provided the necessary instruments will be developed, the
permanent staff on such experimental stations could carry out ob-
servetions on slush ice formation and movement, om bottom ice
formation, on the correlation between suspended sediment concent~
ration of the flow end frazil ice formation, determination of
winter rating-curves by flow measurements under ice cover made by
traditional or tracer injection methods, etc. Regular observa-
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tions with a limited scope had slready begun in Hungary five

yeers ego et the River Training Experimental Station on the Réba

river. Here delly water and alr temperature measurements are car-
ried out and the thickmesa of ice cover is determined repsatedly.
However, this river is not navigable and no ice~jam is formed on

the experimentel river reach.There is no winter observation prog-
ram at all on our other experimental river reaches, mainly be-

cause they are situated in remote unpopulated areas.

Partly to overcome this difficultiy, partly to deepen our
knowledge about ice effects comnected with river cenalization,the
headquarters of ice experimental stations suitably can be chosen
in the vicinity of river barrages. In this case, observations not
only on the river, but also on the reservoir and on steel and re-
inforced comcrete structures exposed to ice sctlion can be made.
The waln problems for this kind of investigation are included in
the Gemeral Lecture om subject B, thus, it is not necessary to
repeat them here.

We have to admit, however, that evem a well staffed and
equipped lce experimental station cannot mccomplish all research
tesk demanded by the solution of theoreticsl and practical prob-
lems. A broad field of research is opem %o speculative work, %o
the analysis of field data end to laboratory experiments.

There are not too many ice laboratories im the world. I went
to mention here only the Soviet amnd the Norwegisn laboratories
and the open-air experiments of Canadian resserchers. From the
contributions to our present Symposium we have learned about the
American fleld observetions, flume tests made with ice and about
Canadien flume experiments where the ice cover has been simulated
byrilaetic sheets. Lgboratory flume tests are, therefors, not re-
gtricted %o speciel cooled environments end this might increase
the number of such experiments in the future.

Here I would like to mention that during the recent decade,
ice floe experiments had successfully been carried out on two rive
er barrage models end on the model of a cooling water outlet chan-
nel of a thermel power plent in Hungsry. In one case the artific-
igl ice sheets have been made of plastic foam sheets loaded by a
cement layer, in the other of gauze pieces soaked in melted par=-
affin, then hardened. The formatlion of ice jams by piling up of
the floating sheets could be very well simulated by the latter
material.

As for the laboratory flume tests, I would suggest to con=-
tinue the riverbed ercsion studies around bridge piers and spur
dykes under simulated ice cover. Another desirable investigation
would be to clear up the effect of ice cover on the threshold of
bed-load movement. Such experiments would help solving some prob-
lems of river training, since a solid ice cover can result in un-
expected bed deformations even in cross-sections correctly dimen~
gloned for flow and sediment conveyance, but disregarding ice.

Regular river=bed surveys and bed-morphology studies before
and gfter erecting training works on streiches with frequent ice-
-jam formation are necessary for eveluation of effectiveness of
engineering measures. Therefore, 1t 1s advisable to use the se=-
lected ice experimentsl river reaches as river tralning experi-
mental reasches, too. Here has to be emphasized 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 widths 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 mein role is to prevent the dangerously
large-scale constriction of the composite cross-section available
for passing ice floods.

Equally 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 economicel and technical viewpoints, worked out as de-
tailed as poesible. It seems advisable to carry out such calcula-
tione also for the combined application of bed-morphological im-
provements and active protection measures.

Since both the very interesting ice-cutting and the tradi-
tional 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 reservoirs.In the case
of non-ceanalized rivers, the role of hydrometeorological forecast-
ing is very important, because the start of ice cutting/bresking
panoeuvres often can be correctly set only based on reliable
fiood forecasting.

I think we should continue research in order to improve our
knowledge and experience in both mentioned fields, i.e. influenc-
ing the natural break-up of ice covers by artificial flood-wave
generation in cenalized rivers and imroving the present forecast-
ing methods by simultasneously involving thermel and flow regime
data in the mathematical stetistical calculations. We have ageen
during the Symposium interesting results of speculative and field
research on freezing-in and break-up of rivers. These papers are
encouraging 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 great
lakes, especially when the river is an intermational navigation
route, as the St.Lawrence River. Here the thermal budget studies
combined with up-to-date airborme remote sensing of ice thickness
seen very promising to predict break-up time.

The effect of waste heat from power stations and industrial
plants is getting increasing significence especially in highly
industrislized countries. With the careful selection of sites for
new plants, surprisingly long river reaches can be kept ice=free
for the navigation, or at least the navigation period cen be re=-
markably extended. The presented Canadian and Soviet examples
demonstrate that the research has already advanced beyond the
first steps in this field. With the progress of industrialization
and with the increasing number of nuclear power plants, even the
smaller countries might soon use these experiences and add their
own contributions to it.

No pepers have been presented on the Symposium about the
measurement of ice pressures on bridge plers or on hydraulic
structures. A couple of publications on the initial results,col=-
lected for example by Gamayunov in the Soviet Union and by Sanden
and Feill in Caneda, show that the first efforts have already
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been made in this important but rather difficult field of practi-
cal research, At the Soviet experiments, a steel shield was
strapped to the ocutside of a railwey bridge pier nose. The forces
exerted on the shield by flowing ice blocks were taken up by hy-
draulic cells connected to a manometer. During an ice-run when
ice of 30=40 cm thickness passed through the bridge at s velocity
of 1 m/sec, the meximum force indicated was found 9,500 kp per
1l m width of the pier, corresponding to a pressure of 2.7 kp/cmz.
In Canada, the suthors have meassured the ice pressure right after
bresk-up by a mgre complicated method and observed a peak pres-
7ure of 7 kp/cm=, The forces were found oscillating by 5=6 cyles/
sec.

The oscillating nature of ice forces is not significent in
the case of & stiff bridge pler, however, can be important at hy-
draulic steel structures, therefore similar measurements in the
future would be desirsble. Besides, the above mentioned field ex=-
periments can be regerded as first steps only end much more data
would be required %o draw such comclusions which could be used
for the possible slterztions of present design code requirements
concerning ice preesure on struc 28,

Another practical ice problem on which some research have al-
ready been made and some experience gailned is the acceleration of
ice melting by spraying the surface with dark greins. About 15
years ego, laborstory and field methodélogical studies have been
conducted also in Bungary, testing different materials for this
purpose. The main conclusion of the experiment was that the mix-
ture of soot and sand gave the best results, because the soot
remarkably decreased the albedo of the ice surface and the sand
accelerated the breaking-up process by submerging more and more
deeper into the freshly molten tiny holes of the ice body. I heve
%o mention that no large=-scele application of artificial ice
melting has been carried out inm ary. The fact that no peaper
has been presented here disclosing wore recent results gained by
this method or criticizing it, seems to indicate that no research
or application is under wey nowsdays in this field. -

Hoping that also this aspect of shortening ice cover periods
will not be neglected in the future, I want to mention that new
materials and technologies in river training slso might require
new research methods. Por example, application of wire net boxes
end mattresses filled with crushed rocks for benk protection is
getting increasingly popular because they are economical and meake
mechanization of work possible. It will be the task of the near
future, to investigate the counteractions between ice and this
form of bank protection with speclal regard to its resistance
against frost and mechanical actions of ice blocks drifting along
the bank.

Papers dealing with piling-up of ice on lake shores are re-
markable, mainly because they asrise the interest of researchers
inclined to disregard this phenomenon while tackling river ice
problems. Stability of flood protecting dykes, bordering wide
flood plains as well as man-made reservoirs, however, show very
similar ice jem situations as lakes. Therefore, there 1s an un=-
disputable necessity for increassing our reseerch activity in the
future in this field, too. Along the shore of the Kiskire reser-
voir on the Tisza River <for example, as soon a8 the plasnned wa=-

163 Bogdrdi



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 Hungsrisn leskes can be used,e.g. milder levee slopes
and the application of protective reed strips,however,systematic

field observaticns end studies will be needed to the optimum sol-
ution of local ice jamming problems.

Investigations on control of ice drift and on the piling=p
proceas cen also suitably be included into the program of an ex-
perimental river reach provided it is properly selected for ob=-
eerving various ice phenomena. The organized work at such experi=-
mental stations is, without doubt, a team task.The tendency, that
even before establishing such highly specified ice-experimental
stations, research on ice problems 1is calling more and more for
the combined effort of gpecialists of different fields, 1is re-
flected by the <fact that 17 of the total 41 papers presented on
thie Symposium have two or more authors. Furthermore, the profes-
sions of the authors show that experts from meteorology to acous-
tics and from fluvial hydrology to photogrammetry take part in
ice research, This wide co~operation is not only necessary and
fortunate, but algso inevitable in order to solve the various very
complex problems connected with ice.

Ladies and Gentlemen!

In the foregoing I tried to review briefly the fields of ice
regearch which were mostly represented in our Symposium and to
poin%t to the problems which have not been dealt with at all or
not in a number commensurate with their importence.Obviously, not
all the ice problems are equally importaent in the home countries
of the participants of the Symposium. The main emphasis, however
bes been lald on improving navigation conditions in rivers by
shortening the periods with stsnding ice cover and by avolding
the possible demages due to ice floes, jams and generally to
freezing. Nevertheleas, it does not mean that ice-flood protec=
tion can not be equally or even more important in given cases.

Organized research, based on teams working at experimental
stations and laboratories unquestionably promises guicker solu=-
tions of most urgent ice problems which have been clearly shown
in the papers, general lectures and discussions. Besides, the
close co-operation of scientists from different special fields
and the application of up~to-date technical achievements in the
investigations is encouraging in respect of getting better under-
stending of the basic physical processes involved. This scienti-
Zic co~operstion wust not remein within the borders of any
country, it must be international, not only in the presentation
of results on international congresses but also in the practicel
resesrch work. The TAHR through its Section for and Committee
on Ice Problems could ﬁelp in various forms to fulfil this re=-
quirement.

Finally, I would like to acknowledge the excellent work of
all the authors who presented here the results of their investi-
gations of the participants of the discussions, as well as of
the members of the locsl sponsoring, scientific and organizi
committees of this Symposium. I am especially thankful to 1¥§e
General Lecturers and to the secreta of the Organizing Com-
?iitee for their efforts to make thisrgymposium a really success=-

ul one.

Now I should like to wish you a very good time for the rest
of your stay in Hungary and a useful and %nteresting study tour
on the Danube River to-morrow.
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I. The subject of the final talk of this interesting sympo-
s8lum has been announced to you as the title above.

This subject has not been chosen to say simply good-bye to
you, to wish you a happy return to your home and your work.I will
try to say more, to invite you to think with me about the role we
pley 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-
soclations; that is more than enough for the time being.

My attempt to be philosophical is not due to a relatively
advanced age, but 1t 1s based on real past experiences and 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 IAHR are most heppy that we have found our parents
in PTAKC willing to undertake this symposium with us as a joint
venture made possible thanks to the efforts of our respective
Hungarian members.

The subject 1s one of advenced specializations; there are
not many scientists interested in ice, as 1t appears in our water
environment; giving meny engineering problems, this time focussed
on river navigation, and flood protectiomn. It is simply logicai
that the engineers and researchers in navigation, river dynamics
and physice of ice come together. In our two associatlions we did
find the components for this interesting synthesis appearing in
this symposium.

I must confess that this systhesis was an experiment and
ghowed & by myself unforeseen incompleteness: our friends of the
hydrological sciences, in particular those occvcying themsslves
with ice could have perhaps participated. On the other hend, the
symposium was perhaps too much engineering to be of great wutual
interest. This gymposium is the second experiment; a year ago we
hed one in Bangkok, that time together with tae hydrologists on
morphology of rivers.
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I confess that the two experiments made me optimistic for
the future in co-operation beiween specialists in water.

What I like to submit you starting out from the results of
our second experiment, we are closing today, 1s an outlook on the
future, beginning in the past, based on the needs of the human
community end the duties of our profession.

_ II. The past I shall not review beginning in the remote his~
tory of our R:wdecauou who left their treces in remarkable
works: nor shall I occupy myself with the scilence of water in our
part of the world for example Heron of Alexendrie or Archimedes
of Syracuse.

The resson, why I nevertheless mention h:l.ltorg that we can
learn frowm it the human behaviour of scientists and engineers, We
see, that science and technique (we heve at our dispossl today)
has been.created by men of great diversity in background and ap-
proach of problems. We see mathematicisns fascinated by the me-
chanics of continua and engineers attracted by the art of mathe=-
matical abstraction on one side and practicel people with creat-
ive imagination sometimes with hardly eny theoretical background,
on the other side.

Nowadaye it is not otherwise; what is new and in full devel-
opment is that we have now a communicstion between the resear-
egora of grest diversity in character and attitude.

Prom the history of the nineteenth century we see that two
sxtremes did little lmow of each other, or at least did not un=-
derstand each other. Mathematicians creating nice descriptions of
flow of idealized fluids which did not exist snd engineers facing
problems for which no mathematics was designed.

At the end of the nineteenth century hesitatingly a bridge
was erected between the two. Aerodynamics, stimulated by the be-
ginning of aseronsutics, immediately started from the shore of
theory; hydraulic engineering atarted building the bridge from
the shore of practice with long tradition, a tradition which was
based on experience and with hampering, sclerotic elements in it.

The need for more intensive communication, that betiween the
very top scientists by correspondence lead to the creation of in-
ternational organizatioms.

A nice example is PIANC from the e eers’ side, facing wa-
ter trsmsport problems, which was established in 1885. In those
days, transport wes the main problem in the strongly expanding
industrial world.

On the side of apgnod methematics and mechanics we know
IUTAM, eatablished in 1924.

In these two organizatioms you are still in two completely
different worlds in spite of the fact that both were established
as forums of applied sciences.

The comstruction of the bridge continued and it 1s interest-
ing to motice that the traditionally bounded hydrasulic engineers
made various attempts.

In 1925 PIANC had its first well shaped water child, the
ICOLD at first in the parental house and now in its own exist-
ence and maeking its own career.
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Ten years later the second water child was borm. As happens
more in families, this child was adventurous and sought its own
ways, sbandoning the traditions of ite parental house.It has left
the house imeediastely after its birth, 1t was the IAHR im 1935.
Quite independently and more or less provoked by circumatances
far outeide of the Western world a fourth engineering water-ori-
:Etegcgzganization was established; the youngeet in the family,

L] -

The historicel review is not complete for hydraulic engi-
neering. We are working in an environment which was traditiomally
an object of research of geologistas and the object of fascinat-
ing descriptions by geographers and geodeticisns or geometrists
(in the true sense of the name). Also those scientists wanted
their own society and the IUGG was established. I do not lnow
when this was, I know only that this association has s remarksble
past and & long tradition.

Whether it is in the character of pure science or not, I do
not know, but this family has a great number of children, all
still closely connected to their psrental house, all keeping the
respectable family traditions and the regular family reunioms, =
in our language "congresses" - which usuaslly are colourful evenis.
Volcanologists, deep-sea oceanographers, arctic explorers, mete-
orologists then tell you sbout their asdventures, fascinating and
exciting for us engineers.

This family cpens for us the world in which we, as engineers,
went to find places where we can live in safety; but as engineers,
who have the task to create liveable circumstances, the observa-
tions of these discoverers are only introducticne; we wust always
complete these with our own methods.

III. Up t11l now I gave only an impressionistic review of
some of the distinguished and oldest families of interest for the
hydraulic engineer. There are, however, many more, younger thean
we are, and the present circumstances are very fertile for the
establishment of new families - in our lenguage "essocilations".
Our growing interest for our environment leads scientists and
engineers to form centres of research and assocliations devoted
to special sspecis in the sciences related to the details of
this environment. Moreover, the existing old groups create aspace
in their traditional approsch for the environment-oriented pre-
sentation of their work.

In addition, the intermstional governmentel organizstions are
creating branches for tackling the environmental problems too.
Here I come to the present situation and I confine myself to the
water environment = we are interested in - for living, working,
recreation, for asctivities of transport, miseing ss resource for
our ever growing demand end ss an origin for danger against which
we must protect ourselves.

We see two extremes in our considerstion of the problems.
One is traditionally the deepening of our knmowledge of dynamics
and processes we observe, the other has ite roots in the past but
is only recently recognized as acientifical tool in its own merit.
It is presented under many different nemes not very lucid in the
significance. The consideration of water circulatiom in nature as
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a totality; en integrated view of it by meens of all eorfs of mo=-
dels of systems, models which should reproduce what is actually
happening, with sll seemingly random variations.

This scilentific tool is mainly a mathematicel discipline and
none of the many families I mentioned cen claim it as a special
piece of inheritence. This tool came into development in manage=-
went, in which jobs and positions are many times occupied by en-
gineers too. In general, I dare to say, that engineers have a
good background as wanagers, or planners, just because they are,
by education, familiar with the tools and with the components,
which are to be integrated in coherent units.

Let we to complete the picture. One of the great advantages
in being eble to think in systems or environments is that we are
aware where we stend and that we see the function, goals and the
effects of our research.

In our association we see meny members devoted to their work
and fascinated by the problems they have to solve. The new look
on systems and menagement, on concerted action is felt as intru-
sion in privacy, as a disagreeable and objectionable constraint
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 caused 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
asks about reasons why the efforts are required gaining skill in
scientific research; they want motivation.

Let us go in legss deteil, let us consider the groupinge of
scientists and engineers - the associations. -

We notice eyerywhere the consciousness of our responsibility
for the environment. The responsibility we have in our position
as scientists, experts, practical engineers. We see more and more
our role in the context of a totality, we want to manage proper-
ly.

¥ith evolution in knowledge, in our consciousness as back=
ground we see an evolution in the policy of the international as-
sociations in the cholce of the themes of discussions and in the
racommended scientific coneiderationa. This happens, of course,
with the respective specialities as a starting point end always
eims this speciality in a wider context.

And here begins the concern for co-operation between many
gcientific disciplines. In water management a great diversity of
physical, mathematical, mechanical disciplines come together. It
is unsvoidable that in this evolution everybody has the look at
disciplines at the borders of his own, has a general knowledge
about the role his speciality plays; a role as component of a
gystem.

It is unavoideble that systems of these components are an
object of research. It is unavoldeble that we, as engineers, ex=
perts, scientists, playing with these systems, 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 about their functiom and the
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human community, in the govermmentsl suthorities an attention for
management in ineressing size of units of water resources,in many
cases beyond the national frontiers.

We 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 Courcils on the necessity
of integration in science. We are aware that the many specialities
camnot exist for their own sake.

What is needed now is communication between the associations.
¥e should promote that in the different groupinge real speciali-
zation on items developed elsewhere is available when needed,that
achievements of research is accessible for practical engineering
and in the reverse way, that problems arising could be directed
to the places where they can be solved.

Now I come to the future. I am not a fortune teller so that
I cen express only my hope that we expand the co-operation of
which this symposium is an exsmple. There sre a few facts which
must be taken into account for developing our policy. These facts
are the following:

Bach association has its tradition and its own style of com~
wunication. Each association has definitely a well established
reason of existence.

Both facts we have to respect mutually.

The third fact is that every discipline hss two aspects, the
basic scientific background, theory, methods and meens on one
gide and its function and goals on the other side.

From this starting point an agreement for co-operation has
been recently achieved as first between IAHS, ICID and IAHR. Then
ICOLD joined and de facto PIANC joined too during this symposium.
Pormal aceeptance of this agreement will undoubtedly come scon.

Now the future and here ends my written note for this talk I
wanted to give to you. I do not dare to write it down, but what
can we expect from the future?

Let me give some speculation, we hope that the aegreewent
which has been achieved in Istanbul will help us to establish The
International Council for Water-Oriented Associations ( ICWA).That
we can have directly from this Council a system of communication
between the individual ssociations and perhaps in the somewhat
remote future also to harmonize the items, the subjects for the
different congregses and to develop what we have started now es
an experiment, the holding of symposia on limited number of sci=-
entists coming together, because congress in general has s great
attendance, many members coming together but it is more or less
a forum for exchange. When you want to have a real deepening of
a high specialized subject, smaller groups should be formed;that
we should promote in the future. Possibly a Presidential Council
can also be formed by this agreement which we have is mind. Let
me thenk for our Hungearian hosts for this highly interesting ex-
periment, a successful experiment, which ends today.

169 Schoemaker












IAHR/PIANC IAHR/PIANC

International Association for Hydraulic Research
SECTIONS FOR FLUYIAL HYDRAULICS AND FOR ICE PROBLEMS
Permanent International Association of Navigation Congresses
SECTION OF INLAND NAVIGATION
INTERNATIONAL SYMPOSIUM ON RIVER AND ICE
Budapest 1974 Hungary

FORMAL ADDRESS

WATER MANAGEMENT ASPECTS OF FLOOD
AND ICE CONTROL IN HUNGARY

PROF. I. DEGEN

Secretar}; of State,
President, Hungarian National Water Authority

Mr 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 flood 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.



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, Professor
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 0,89, of the territory reaches higher than 500 m and only
320/, 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 430 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 artificial 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.



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 alike.

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 objectives. 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 water 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 industrial and agri-
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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 raised, 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 zoning is also
taken into consideration.

It is 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-



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
tributaries 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
dangerous 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, ie., 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 wave. 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



described, especially in the range of great floods, by the flood proba-
bilities 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
interrelations.

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 treated 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 fact, 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 flcod 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 were 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



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 to 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 during ice jam floods are frequently such to cause the ex-
ternal crust of the levees to thaw. The combination of flood explosure
and thawing was found to cause levees of granular soils to slump,
while those of cohesive material to become liquid. These phenomenfi
can also. be explained in terms of the colloidal soil properties. The water
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
and 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 freezing 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 substaniially affected by the season of
the year 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 without 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 resistance can be attained at lowest cost. A wide
array of methods is now available to the engineer to improve the re-
sistance of levees to the desired extent. Adherence to a standard 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 wells may all prove ef-
fgctive, 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 drains, 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 formation of ice jams and the develop-
ment of extreme flood stages can be avoided.

3. RIVER REGULATION

The total length of rivers in Hungary is 2820 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 normal 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 wvessels 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 km.

Regulation of rivers in Hungary and the principles of regulation
have evolved by a long process to their present standard. Early, sporadic
regulation attempts were followed already 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 were evolved, prompted
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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 cannot be prevented by tlood
levees alone. Pal Vasarhelyi, the eminent Hungarian hydraulic engineer
was the first to study 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 P4l 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 that river regulation is indeed a multi-purpose 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 advisable 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 side of the Danube, especially of
the capital, 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 were very modern at their time
and the fundamentals thereof have retained their validity to our days.
Advances in water management have presented, however, new require-
ments for river regulation. The idea of river canalization was raised
at the beginning of this century already. Canalization 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 warranted 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 accordance with the needs of water
management, but even under the new conditions 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.
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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 regulation 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 hydrographic monographs
provide the basic data for the morphological studies. In the course there-
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 river regulation plans.

Information on the morphological parameters has offered the pos-
sibility of determining relations between the ice regime and the
morphological characteristics. Mathematical relations are now available
for describing the interrelations between river slope, the characleristic
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 interest, 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 controlled 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 disappearance 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 Mohacs on the Danube and for
Szeged 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 relatively 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
appear 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 strike 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. Mild 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 edge
of the solid ice cover, the ice there is usually weak, readily lifted and
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 critical height.

Ice-jam floods are especially dangerous, since they are impossible
to predict, there are no known methods for estimating stages, so that
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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 409, 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
{low 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 country, 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 floods 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 averting 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 periods. 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.
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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., altogether 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 wusual 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 several 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 regulated 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 contributing 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. ' : i

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
initial arching resistance of 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 Tiszalok and Kiskére 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
length of the ice period on the Danube, in winters of greater than
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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 several
potential 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 exploited in ice control 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

1 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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AB3TRACT

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 hydraulics are
emphasiged. The problems of which a better understanding is con-
sidered desirable are listed and finally the papers received are
grouped accordingly.

SOMMAIRE

Le rapport donne un apergu des proces fondamentaux du re-
froidissement, de la formatioh et du mouvement de glace, de la
formation de couche de glace et de la débacle, en traitant les
théories importantes et les progrés récents des recherches aussi.
Les interrelations étroites entre 1’hydraulique fluviale et
1’hydraulique glaciale sont mises en évidence. Des problémes dont
une raisonnable compréhension est désirable sont enumerés puis
les études presentées sont groupées en conséquence.
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River ice 1is a phenomenon of Nature which must be reckoned
with over large areas of the Earth,over periods of varying length
each year. As far as lce formation is concerned, the watercourses
may be classified as follows:

- rivers with ice runs, or covered with solid ice for short
periods, or in some years only,

- rivers with ice runs and covered with solid ice for short
periods, but regularly each winter,

~ rivers covered each winter with solid ice for extended
periods, and

- rivers permanently covered with ice.

The importance of the phenomena to be considered varies con-
sequently from river to river, the economic significance of the
problem and thus the intellectual-material resources devoted to
the relevant engineering solutions are controlled fundamentally
by the number of ice-run days, 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 virtually
uniform interest by the professionals dealing with ice.

These problems may 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 phenomeng associateda with icecover formation,
- the breakup of the ice-cover and the start of ice runs,

- the inte lations between the flow carrying the ice and
the 1ce itself (velocity distribution, energy losses, etce

In some countries all these phenomena are intimately related
to diverse human activities so that owing to these interferences
it is virtually impossible to arrive at conclusions on the natu-
ral conditionse. 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, especially where the problem
is to predict the effect of a particular activity on future ice
conditions.

l, The cooling process

Ice is likely to form whenever the temperature of water in a
stream drops to below the freezing point.Under natural conditions
this is preceded by the cooling of the atmosphere resulting in
intensive heat losses across the water surface. In the majority
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of watercourses this process extends to the entire cross section-
al area, that is the entire water mass is affected by the heat
exchange. The process is influenced, obviously,by the flow condi-
tions in the air- and water space, the intensity of heat exchange
being governed by these.

The micro phenomena involved in the process are not fully
understood, owing to technical problems of measurement. Between
the flowing water and the moving (or stationary) air masses dy-
namic- and temperature boundary layers exist.

The intensity of heat exchange is controlled by the gradi-
ents prevailing in the boundary layers, in that heat exchange is
very intensive at high gradients while gquite moderate at low gra-
dient values. In a stationary air layer a moving boundary layer
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 layer in direct contact
with water is high and thus its heat conducting properties will
differ from those of the air layers overlying it. These are the
boundary layer problems which make the determination of the heat
transfer coefficient, and consequently the positive description
of the cooling process rather difficult.

The cooling process occurs usually under atmospheric condi-
tions that are far from constant so that the temperature- and oc~
casionally kinetic conditions within the air space must be con-
sidered variable during the cooling periode. Accordingly the cool-
ing process must be considered variable with time. Since the riv-
er bed itself is variagble, its heat dissipation properties are
similarly variable, as a consequence of which the -ensuing process
is variable along the watercourse. The problem may be rendered
even more difficult if differences in atmospheric conditions pre-
vall over longer river sections even at the same instant, It will
be appreciated from the foregoing that the cooling process is an
unsteady, variable phenomenon into which a certain periodicity is
introduced by diurnal periodic fluctuations of the atmosphere.
Higher temperature during the day and cold nights cause thus di-
urnal, secondary, periodic variations in the cooling +trend line.
The combinations of several factors controls the typical cooling
record (Fig.1l).

The highly complex phenomenon must be drastically simplified
in the interest of formulating a computation model, The simplify-
ing assumptions introduced are usually as follows:

- over a certain period of time and river section a constant
value 1s assumed for the rate of change in temperature,

~ the influence of diurnal changes in atmospheric tempera-
ture is eliminated by introducing the daily mean temperature intc
the computations,

-~ the three-dimensional phenomenon is reduced to a two-di-
mensional one at the water surface, or evemn to a single- dimen~
sional one.
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An attempt has been made in Fige2 to illustrate actual con-
ditions while in Fige,3 the more common simplifying assumptions.

It should be realised that the combination of a sgimilarly
great number of simplifications may under adverse conditions re-
sult in misleading conclusions. For this reason it would be very
important to examine both theoretically and by practical applica-
tions the accuracy of the approximating methods, which are still
rather complicated to apply in practice. Such studies should yield
actual data on the validity of diverse simplifying assumptions.

The process of cooling may be strongly influenced by human
interferences, primarily discharges, and especially those of co-
oling water. These are extremely difficult to take into consider-
ation numericelly, particularly over the section where mixing is
incomplete, the process year being necessarily a three-~dimension-
al onees Even the length over which complete mixing takes place is
very 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 necessity to formulate a sep=-
arate cooling model for the river section affected.

Heat losses across the surface play invariably a fundamental
role in any model of the cooling processe. In practical computa=-
tions this heat loss is taken proportionate to the difference of
air and water temperatures, the factor of proportionality being
assumed to equal the heat transfer coefficient which 12 turn de-
pends on the hydrological- meteorological characteristics prevail-
ing at the water surface. In view of the fundamental importance
of the heat transfer coefficient in the cooling process it 1is
deplorable, that no exact method is available for its determina-
tion, Unfortunately, the data and results published thus far ap-
ply mostly 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
usually the case in standing bodies of water so that surface ice
beging to form along the banks where the velocity is negligible
and where, owing to laminar conditions, the water 1s not exposed
to turbulent heat exchange.

The rate at which the thickness of this riparian ice in-
creases is controlled by 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 boundary layer. At air tem-

reratures below the freezing point a boundary layer must develop
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in the to water layer whenever the water temperature has ap-
proached for atta:Lned) the freezing point.The temperature in this
boundary layer depends on the ambient air temperature but is in-
variably below the freezing point. Owing to turbulence the water

particles travel in this overcooled layer for periods of varying
length and become thus overcooled. Hereafter they are carried

again by turbulence to different points of the cross section, as
a consequence of which the entire water volume becomes overcool-

ede It is logidal to assume that within this overcooled water

volume the temperature of all water molecules 1s not uniform,
nevertheless the mean temperature as a resultant temperature of
all molecules is lower than the freezing point. A typical time-
record of overcooling has been demonstrated by T.Carstens, 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 intensity of turbulence are generally 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 accordingly re~
garded proportionate to the air temperature. This experience 1is
supported by 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

-_—=1l=e A
QO

where AT/ At 1s the rate of cooling, A depends on the type of
heat transfer and Q, is the rate of frazile ice formation without
cooling (i.e. pertagning to steady temperature conditions). Al-
though scattered data on frazil ice formation are available for
some major streams, the importance of the problem would warrant
more detalled 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 eventually small ice floes. Together with the
ice separating from the banks and rising from the bottom they
freeze into floating ice floes the magnitude and area of which
are typical for the ice conditions on a particular watercourse.

3¢ The movement of frazile ice in the watercourse

Frazil ice appears in a variety of forms and shapes in the
watercourse, but its specific weight is always lower +than that
of water, It is thus subject to a buoyant force so that is rises

shortly after its formation to the surface, or would remain there
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if formed at the surface.

As to any finely dispersed substance in turbulent flow, the
relationships of turbulent diffusion are likely to apply also to
frazil ice. It is not clear however, how far the loose masses or
clouds may be regarded as finely dispersed, discrete masses,more-
over rather little is known about the dimensions and shape of
frazil ice particles. Consequently, although the theory of sus-
rended 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 any 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 velocity of frazil ice,

- the similarity of movement of isolated particles and ag~-
glomerationse.

In analogy to the theory of suspended sediment transport the
percentages proportion of floating frazil ice depends basically
on the parameter

Cc w

014\/—5 v ’

where C is the velocity coefficient of Chégy, w 1is the rising
velocity and v is the velocity of flow in the stream. If z— o
the phenomenon may be regarded laminar, whereas for z— 0 +the
phenomenon departs increasingly from laminar conditions indicat-
ing a reduced settling tendency of the frazile ice.

No quantitative relationships of general character ars avail-
able on other forms of appearence of frazile ice, e.g.bottom ice
and no such relations are expected in the near future, It is thus
felt necessary to concentrate efforts on theoretical statements
of general validitye

4. The movement of ice on the surface

The ice floes, or the ice cover composed of floes, move to-
gether with the stream, The velocity of movement is influenced by
the proportion of the surface covered by ice, which varies as a
function of channel width. In contractions the ice is concen-
trated and the velocity of movement is reducedes As a consequence
thereof even a standing ice cover may develops On the other hand,
igolated ice~floes are carried depending also on the direction
and velocity of wind, mestly at a velocity more or less identical
with the surface velocity of water.
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The movement of ice-floes at the surface is described by the
gimplified continuity equation and is characterised in simple
cages by the percentage area covered. Beyond the condition of
"free movement" the kinetic energy transmitted to the ice from
water is dissipated by friction along the banks and between the
individual floes and then the dynamic equation of ice movement
must also be introduced into the relation.

5. Formation of the ice cover

The hydraulics of ice cover formation (Tagble I) have been
formulated in Canada, where a fundamental distinction has been
made, as will be recalled, between wide and narrow streams.

This approach is characterized by the effort +towards exact
hydraulic description of the phenomenon., Nevertheless, the un-
avoudable simplifying assumptions may entail certain inaccuraciee
and the methods cannot be applied, unless specific parameters of
the ice cover are known. In many ingtances these characteristics
are impossible to determine. The assumption of numerical values
for these may introduce errors exceeding in magnitude even those
due to the simplifying assumptionse.

The method has been derived for straight, prizmatic channels
of uniform slope and roughness in which the rate of streamflow is
constant. Accordingly the expressions derived appear applicable
to regular wide canals rather then to alluvial channels. Actually
the running ice is arrested at contractions, in bends and at is~
lands, moreover the forces exerted on the banks are extremely
difficult to estimate.

There is ample experimental evidence for the assumption that
the critical velocity of the front of the ice cover at the sur-
face is described by an expression of the form

Vip = k 2g g

This would imply 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 secondary

factors which are neglected in the formula.

Congsiderable importance is attributed by Michel also to the
porosity of the ice cover.

Pariset 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 applicability of their method is limited by the cir-
cumstance that some of the parameters must be derived from the
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field observations. These parameters include the cohesion of ice
to the banks and the coefficient of ice friction. Whereas the
friction of ice on ice may 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 safety.

The main advantage of the exact hydraulic methods is that
they can be applied even in the absence of observation data, pro-
vided we succeed in estimating fairly closely 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 the only way for developing a method
which is indeed generally applicable.

Observations on wide gtreams seem to support the conclusions
which may be termed qualitative and which can be arrived at from
the expressions deriveds

One of the fundamental cases of ice cover development,namely
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 carrying capacity is inadequate.

The ice transporting capacity is usually derived by analogy
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, Meyer-Peter
and Ning~Chien are applied. The fundamental difficulty in this
method i1s that the shape of the bed load particles 1is poorly
compargble to that of the ice floes and consequently the relation

=f uf) derived theoretically and verified experimentally for
bed load is applicable to ice floes with crude approximation only.

The application of the method presumes further the knowledge
of the velocity coefficient as well, or of the slope of the ener-
gy line, Difficulties are encountered 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 Trecent
times by several investigators, are subject to changes with time,
go that the velocity coefficient itself is liable to vary con=-
siderably. An increased number of observation data on this phe-
nomenon would improve materially the reliability of assumed val-
uesSe

6. Flow under the ice cover

It has been pointed out repeatedly in the foregoing that the
ice cover acts to reduce the conveying capacity of the river bed.
Rating curves observed in winter with ice on the surface, were
found in several countries to differ considerably 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 radicael changes. Any rough estimate
should suffice to reveal that even if the loss in the flow cross-
-gection is ignored, the frictiorn taking place at the interface
of the water and the ice will cause alone a 20 to 30 % reduction
in the streamflow rate. This ie visualized best by imagining the
distorted velocity profile in the cross-section, the development
of a double boundaery 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 locel 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 basis of regular field 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 1in ice hydraulics raise
& number of problems in fluvial hydraulics as well. 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 informetion available
on the megnitude 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 end thus also the temperature condi-
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tions in streams is thus generally desirasble 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 relisble data
are, however, required on the magnitude of this influence.

- Heat exchange across the water surface in etreams 1is af=
fected by the temperature boundary layer, which in turn, i1ie 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 seme time, no accurate data are available on the influence of
bottom ice, end 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 & process in which energy is normally consumed. The collisions
between ice floes 1s one of the causes of energy consumption.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 movement of solid ice under the ice cover cannot be
described, unless parameters representing the shape of ice floes
and the possibility for more accurately estimating the 1ice con-
veying capacity 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
sccurately 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. cen be estimated more exactly.
(These problems are dealt with more in detail under Subjects 2
end 3 of the symposium.)
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8. 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 & common framework is deemed desirable for them.

General problems are discussed in two papers (Al, AS5), one
paper is on colling phenomena (AlC), while artificial thermal ef-
fects are considered in one (Al2). Two papers are devoted to flow
and water conveyance under the ice cover (A7, Al0). In three in-
teresting papers (A2, A6, All) the problems of ice cover- and ice
Jjam formation are approached. The phenomenon of breakup is dis-
cussed the paper Al3. The dimensioning of bridge spans caussing
no ice jamming is enalysed in the paper A8. Thus the mnumber of
papers dealing with ice problems is 11l.

In two papers the problems of ice hydraulics are not men-
tioned directly, one being devoted to bottom chenges along the
stream (A4), the other to hydraulic problems at the crossing of
rivers and navigable cenals. Both problems are of fundemental 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 fileld
all over 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 conditlons in rivers. It was this economic necessity
which prompted the inhabitants of these countries to devote scien-
tific and engineering attention to the phenomene related to ice.
The knowledge afforded om ice by the natural sciences and the en-
gineering-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.

Whereas simple observations and the statistical processing
of the datae 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 cennot be expected unless

- fundemental relations of natural science are adopted as astart-
ing basis,

- local observatlons are extended to the simulteneous measurement
of all relevant factors involved,

- model studies are performed on the basis of the fundamental re-
lationg and under conditions corresponding to local observa-
tions,

- the physicel- mathematical models formulated carn be solved un=-=
der various initial and boundary counditions, and

- the validity of the relationships assumed, is verifled by field
observations.

To comply with the above conditlona organized-coordinated
regearch activity is required 1n which earlier observation date
are ugsed in combinatlion 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 relatlonship 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 cheracteristics of the bed affecting the movement of ice
and the formation of a solid ice cover, in the Iinterest of pre-
dicting the formation of ice jams end of adopting the most appro-
prieste preventive measures.

Studies on the effectiveness of measures almed at preventing
the formaetion of ice Jjams, and improvement of the effectiveness
of ice jesm control.

Rivers under cold and moderate climates are covered by solid
or floating ice over a considerable part of the winter perlod.
Aversion of the damages potentially caused by river ice is large~
ly the responsibility of fluvial snd 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. Cf the vaeriety of potential preventive wmeasures avail-
able, the most appropriate one can be selected on the basis of
engineering and economic considerations, 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 conditions pre-
vailing at the surface of water courses. Studles 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 a men-
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 once 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 conditiomns of
turbulent diffusion in the river - will necesgsarily affect the
forecasts onr ice conditions which are of great interest concern-
ing both the formation and break-up of the ice cover over short
and long time ranges 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 gpecific laws of hydraulice. The presence of
ice 1s of considerable influence on stages, on the distributicn
of velocities and on the discharge in rivers. Thorough knowledge
on this flow retzrding effect is important, on the one hend con-
cerning discherge statistics in winter, on the other hand for de-
termining the design flood stages. A clear understsnding of the
physical conditions controlling the stability of the ice cover is
degirable in order to decide on the method by which it cen be
controlled most effectively. The formation of ice Jjams depends on
gpecific physicael conditions, the understending of which permits
measures to be taken to reduce the hazard of ice jam floods. The
break-up of ice jams is also induced by e change in the hydrsulic
parameters and a more detalled exploration of the releveant Tac-
tors is expected to promote the artificial breek-up of dangerous
jams. The banks, as well as the structures situasted in the bed or
on the banks are exposed to pressures of considerable magnitude
due to the moving and stending ice cover, the exact determination
of which 1s of great interest to the designers.

The detalled analysis of the work performed by 1ice bresker
vessels applied for averting the hazard of ice jam formation mey
lead to conclusions resulting in higher efficiency. The potential
methods of destroying ice jams include the breaking, the btlasting
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 eadvisable 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 formation have been cleared
as mentioned before the corresponding control structures must be
evolved and the preventive measures determined for various river
sectlons.
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From the research objectives and their justification the
complexity of the problem will be readily appreciated. Successful
research in this broad field becomes thus extremely difficult es-—
pecially in smell countries, although the practical application
of such results would be of peramount significance. For this re-
agon organized or spontaneous intomtimal cooperation and the
as fast as possible exchenge of experiences would be essential.
In view of the intellectual and mtorial gtinancial) capacities
available & certain international allocation of tasks is also
considered desirable, the beginnings of which have been obgerv-
able during the past years in this field as well.

The main achievments arrived at in Hungery thus far, may be
summarized as follows:

In Hungarisn hydraulic engineering practice, ice conditions
primarily on the Danube and to a lesser extent on the Tisza-river
were of major interest. The fundemental work of data collection,
analysis and description hes been performed first of all by
W.Laszldffy [1] and S.Horvdth [2], whose publications in the in-
ternational professiocnal literature have disseminated the Hungar—
ian results on the hydrology of ice. In the course of this anali=-
tical work they have srrived at a number of important conclusions
end heve determined relationships with metearological conditions
of great practical interest. More recently J.Csoma [3] and I.
Zsuffe have consgidered similar problems by applying advanced math-
ematical statistics to them.

Experiences concerning ice cover formation durinf
years have been collected primarily for the Danube .Inézy

The work performed by the ice breaker vessels has bcen a.nalyaed
by Gy.Bogndr [5]. Ice phenomena in the vicinity of structures and
the necessary preventive measures have been studied by I.Somody
[6] and S.Beka [7].

The thrust and other effects exerted by ice, have been dealt
with in detail by L.Tordk [8].

The relevant professional foreign literature has been review—
ed in a comprehensive paper by O.Starosolazky [9] in which the
thermal budget of water courses, the hydraulics of ice movement,
ice pressure as well as the protection of structures from ice ef-
fects have been discussed. An interesting contribution to the
knowledge on the behaviour of the ice cover and on the influence
of structures hss been mady by E.Zsildk [10].

Practical information available on ice control has been sum-
merized by several suthors, whose work was coordinated and edited
by B.Sipos in a comprehensive manual [11].

In order to disseminate u{uto-date informstion to engineers
enfaged with the ice problems practice, the text of lectures

ivered at a training course in winter 1972/73 was published by
the lational Water Authority.
In response to preciical rcquirementa and considering <first
of ell the conditions prevailing in Hungary the following research
gubjects may be suggested:
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l. Studies on the formation of river ice

1.1 The thermal budget of water courses in the range of freez-
ing and the formation of a solid ice cover

1.2 Determination of temperature changes in water courses

1.3 The quantitative description of slush ice formation

1.4 Effect of the ice cover on temperature changes

1.5 Forecasting problems relsted to ice

Studies on the movement of river ice end on the formation of
an _ice cover

1 Laws governing the movement of slush ice

2 Laws governing the movement of ice floes

3 The effect of ice run and of the ice cover on
locity distribution and discharge

g Stability criteria of the ice cover

o

7

gtages, ve-

5 Criteria of 1ce jam formation
Criteria governing the break-up of ice jams

Estimation of the megnitude of ice thrust on hydrotechni-
cal structures

3. Control gnd sversion of denger situations due to ice

3.1 Evaluation of the performence of ice bresker wvessels in
preventing ice jam formation
3.2 Improvement of methods for promoting the break up of ice
jems: Ice breaking
Jce blasting
Ice melting
3.3 Engineering measures for river sections where ice jams are
ligble to form (general guide lines)
3«4 Program for organizational, equipment development, etc.
measures for asverting icedamsges
3.5 Technico-economic compsrison of ice breaking =and preven-
tive river regulation measures

Methods of research

In some of the subjects it is considered advisable to Treview
the present state of knowledge in a preliminary paper founded om
aveilable experience and on the relevant literature (3.3).

In the case of some subjects it 1s not considered desirsble
to go into greater detail (2.7).

gsome problems field observations are beleived necessary
(1l.1), (1 2), (1.4), (2.1), (2.3) and in the future the collec=-
tion of experiences es well as the procesging of daete should be
made institutional (3.1), (3.2).

Finally, a third group of subjects appears to require beyond
field observations. iuvestigatious either in the field (3.2)cr in
the laboratory (2.2, 2.4, 2.5, 2.6), the results of which would
permit conclusions to be drawn for perticular locations (3.3).

The manifold character of the subjects listed in the fore-
going suggests logically the idea to conduct research work on
these on the basis of organized internatiomal cooperation, organ-
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ized primarily by the IAHR Committee on Ice Problems.This is con=
gldered 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 formuleted for a two-dimensional jam of
fragmented ice on a stream flowing in & uniform channel. Predictions of
thickness of ice accumulation, streamwise normal stress, lateral normal stress,
and shear stress are made. The governing differential equation is derived on
the basis of the force equilibrium of an elemental control volume teken from a
fragmented ice cover. Hypotheses are introduced concerning the nature of the
force interaction between ice fragments and the resulting differentiasl equation
is integrated under two different assumptions concerning the nature of shear
stress applied to the bottom of the cover by the stream flow. Finally, some
laboratory data on the mechanical strength properties of fragmented floating
ice covers are summarized. )

SOMMATIRE

Un cadre analytique a ét¢ formulé afin de preédire les distributions
d'épaisseurs d'accumulation, la force normale et la tension dans le sens du
courant, la tension normale latérale et la tension tranchante, dans un blocage
bi-dimentionnel de glace fragmentée sur un courant s'dcoulant dans un canal
uniforme, L'équation différentielle qui régit le phénomene a €té dérivée en
analysent 1'équilibre des forces agissant sur un volume de contr8le é&lémentaire
pris sur la couche de glace fragmentée. Des hypoth&ses ont €té introduites
concernant le nature de la force d'interaction entre les fragments de glace
puis 1'équation différentielle résultante a €té intégrée sous deux suppositions
différentes concernant la nature de la tension tranchente appliquée & la partie
inférieure de la couche par le courant. Finalement, le sommaire de quelques
données de laboratoire sur leg propriétés de la résistance mécenique des couches
de glace flottante fragmentée a &té€ présenté.
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I. Introduction

This paper is concerned with the development of an analytical model
of a two-dimensional Jam of fragmented ice on a stream flowing in & uniform
channel. Predictions for the thickness of ice accumulation, streamwise normsl
strezs, lateral normal stress, and shear stress are made. The governing dif-
ferential equation is based on the streamwise force equilibrium of an elemental
control volume taken from the fragmented cover. After introductioa of hypo-
theses concerning the nasture of the force interaction between ice fragments,
the differential equation is integrated under two different assumptions concern—
ing the nature of the shear stress epplied to thebcttom of the cover by the
stream flow,

II. Force Eguilibrium of an Ice Cover

Consider a rectangular plan-form control volume as depicted in
Tiz. 1, including the full thickness, t, cf a fargmented ice cover. The ex-
ternal streamwise (x-direction) forces acting on the coatrol volume may be
summarized as follows:

a. The shear force, FSl’ applied to the bettom of the element by the
flowing water: o
T.o= ot dx gy (1)

b. The shear force, due to the gradient across the stream (in

"s2°
the y-direction) of the shear stress L

hd
= op o
Fop = © 37 dx dy (2)

Note that t is treated as constant across tae chanpel (i.e., independent of y).

c. The normesl force, F , resulting from the gradient of o_ in
X 5 n x
the streamwise direction:
da
F o=~ 35 (o,8) dx dy ; (3)
It should be noted that v and o, ere the average values of the stresses over
the thickness, t. 4 °

d. The component of the weight of the control volume in the x-
direction is:

F_ = [t(1-p)(o'/p) + t(o'/p)p] o'¢ sind ax dy )

where p is the porosity of the cover, p and o' are the densities of the solid
and liquid phases, respectively, g is gravitational acceleration, and 8 is the
slope of the stream. It has teen assumed thet the ice cover is supported at
the level of hydrostatic equilibrium. For conditions of static equilibrium,
the sum of the forces given by Egqs. (1), (2), (3), and (4) must be zero, which
results in: :

E__ 3__ = = +alg
o (axt) =% ™ Txy T, = t's sin® (5)

III. FEffective-stress Relations for Fragmented ILce Covers

The fragmented ice cover will be treated as a continuum, and certain
pripciples of noncohesive soil mechanics will be assumed to be applicable. In
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particular the fa 3 of o a and T will be assumed to Vv
F % %y x5 ary

linearly with ue of the normal stress in the z-direction, gz,

which is produced by the weight of the fragments and is given by
o, = (1/2)t (1-p'/p) (1-p) p'g cos 6 =y ¢ (6)
where
Y, = (1/2) (1-p'/0) (1-p) p'g cos® (7)

is an equivalent unit weight of the cover. The linear relations between the

g_, o and T can be written as
x* Ty z

o=k —c; (8)
and

o =k o 9)
Y y 2z (
The stress ratios kx and k_ can vary between two limits known as the Rankine

active and passive velues. On the basis of Mohr-Coulomb failure law, the shear
stress at failure, (TW)M’ may be written :

(Txy)m =C, + ay tang (10)

i
where Ci is the cohesion intercept and ¢ is the friction angle and is related

to the passive stress coefficient by
k= (1+sin¢)/(1-sing) (11)

Finelly it should be pointed out that in the case of & straight prismatic
channel, in which T is distributed uniformly aecross the stream, 1xy varles
linearly in the y direction:

Ty = ~(/B) (v, )y ; (12)
where B is the channel width and (7 )M is the maximum shear stress, at the
bvanks, and is given by Eg. (10).

Substitution of Eq. 6) into Eqs. (8) and (9) yields the normal
stresses expressed in terms of the ice thickness. Combining Egs. (10), (i2),
and (9), a similar expression for shear stress is obtained. Substitution of the
stresses into the equiltbrium equation, Eq. (5), and normalizing by setting
x, = X/H and to = t/H ylelds

dto 2 ]
tO —d—i =a + bto + Cto (13)
where
a = TO/(QkXYeH) (1k)
b = (Y'ESO-ECi/B)/(-?kae) (15)
and
c = —(ky/kx)(H/B) tang (16)
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IV. Calculation of Ice Thickness Profiles

The presence of an ice cover on & stream increases the resistance
to flow by lengthening the wetted perimeter of the flow section. As & 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 1ce cover 1s not a straightforward
matter, and requires consideration of the hydrodynemic roughness of the ice
cover, channel geometry, overbank topography, etc. For continuation of the
present analysis, two limiting caeses will be considered: constant discharge,
and constant energy gradient. ’

A. Constant Discharge Model. Here it is assumed that the discharge
under the ice cover 1s constant along the channel. In terms of the Darcy-
Weisbach friction factor, the shear stress exerted on the cover is

T, = (£/8) oV2 an

where Vu is the mean velocity at any station. The velocity Vu mey be related

to the velocity upstream from the cover, V, by the continuity relation, with
the result

v, = 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) imto
Eq. (14) yields

&= F22y/(16k Y V(1 - (p'/p)t )" (19)

where F = V//g_h is the Froude number of approach free surface flow and

Y = pg. Equation 13 with the quentity a given by Eq. (19) is a first-order
non-linear ordinary differential equation and can be solved by using fourth-
order Runge-Kutte method with the leading edge condition to =0 at X, = 0. A

typlcel 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 conteined between any two planes normal to the stream axis,
the shear forces exerted by the banks on the ice are adequate to balance the
streamwise component of the weight of the cover and the shear drag exerted on

at
it by the flow. In this case go_ is zero in Eq. (13), which then reduces to a
o

fourth-order polynomisl in to. This equation can be solved numerically, to
obtain the equilibrium thickness, te, for known velues of IF, H, B, kx and ky'

B. Constant Energy Gradient Model. If the hydraulic gradient of
the flow, rather than the dimscharge remeins constant and if it is assumed
that the channel is wide and the shear stress is equelly divided between the
channel bed and the underside of the ice cover, then the hydraulic radius, R,
of the flow section is

R =h/2 = [E-(p'/p)t]/2 (20)

The expression for the shear stress then may be written

T, = 08 R sin 8 = (1/2) pg[H - (p'/p)t] sin ® (21)
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A procedure suggested by Cerey [1] can also be used to calculate the
hydraulic radius of the portion of the flow section for which the streamwise
garvity force 1s balanced by the shear stress on the cover, and therefrom 1

Introducing Eq. (21) into Eq. (1) leads to °

dto
todx—= a' +b'to+ c"to2 (22)
o
where [
: y'S 2C, k
1l _y sion 8 1 [e] i Y H
- Ll VG e fm—— . ) ! = o~
a & 5 b 2ky(2 B),c w-f ten ® (23)
e X x'e X

Integrating Eq. (22) with the boundary conditions t, = 0at x =0 yields

x =-l—2n(

a' + bt + 't B! (2¢'t  + b' - v=q) ' + /) -
o Z2c'

) = n

a' 20./_—01' (2°'to + b+ /—_q') (p' - /__(1' )

where q = ba'c' - b'2, which is alweys negative. Profiles calculated from
Eq. (24) ere shown in Fig. 3. The equilibrium value of t,» denoted by t_, is

obtained by deleting the derivative term from Eq. (22) and solving the resulting
quadratic eugation; this ylelds

t = (-b' - ¥o'Z = ha'c')/2c’ (25)

e
V. Experimental Determination of Mechanical Properties of Floating Ice.

For the quantification of the stress coefficlents, kx and ky’ defined
by Egqs. (8) and (9), two types of experiments were conducted in the Institute's
Ice Force Facility (see Fig. L4), and one-foot wide glass-walled flume.

The tests for kx were rua in the Ice Force Facility by compressing

a fregmented lce cover,with a rigid plate mounted on the motor driven carriage
through a dynamometer equipped with & strain-gege force transducer {Fig. b).
The force applied to the plate by the ice cover was recorded by the dynograph
while the carriege was in motion. In these tests it was observed that the
force epplied to the cover increased gradually until feilure was reached. The
failure point was utilized in the calculations to determine kx. Considerable

variation in the results was observed between nominally identical experiments,
presumably due to variations in the ice-fragment contacts which in turn were
due to 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 = 9 tc w (26)
where O is the streamwise stress as defined by Eq. (8), W is the width of
the tank, and tc and p are the thickness and porosity, respectively, of the
fragmented cover. Substituting Eqs. (8) and (6) into Eq. (26) and solving for
k_yields

X
k =TF/0.5"'g (1 - »o'/o)(1 ~ p)t:w (27)
The results of the experiments are presented in Fig. 5, where de is
glven by
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=

+3

- 28
( > ) (28)
where d and b are, respectively, the average of the longest plan dimension and
the one perpendiculer to it. The symbols in Fig. 4 are summarized in Table 1.

a =
e

Ao

Block Size

i = —_
el P symbol - B d

*e % (in)

10 0.485 O 0.75 Lt 6.28

20 0.485 e 0.75 4. k7 6.28

30 0.485 [ 0.75 k.47 6.28

20 0.478 v 1.00 5.88 8.10

30 0.478 v 1.00 5.88 8.10

4o 0.478 b 1.00 5.88 8.10

For determination of the lateral stress ccefficient, ky‘ shear

experiments similar to the direct shear tests used in soil mechanics were con-
ducted in the one-foot wide glass wall flume, except that they were made with
floating materials (with specific gravities close to that of ice ) contefned
between & horizontally moving shear apparatus. The force required to shear a
fragmented cover, with the cohesion intercept 01 = C, can be written

= Yy t. Ly (29)

where Ty is the shear stress as defimed by Eq. (10), L_ is the length of cover,
aod t and p ere the thickness and the porosity of the material, respectively.

Substituting Eqs. (6) and (9) into Eg. (10) end then into Eq. (29) and dividing
by wg yields

T

t
3 sl : s N LR T
F W= ky tané [2 (1 5 ) {1-p)] (W) (30)
where WB is the width of the flume. Letting

X e g k'
n =k teny, and t_ = [3 (l-ﬁ-—)(l—p)] FE (31)

in Eq. (30) results in
B = tsz (32)

The results of the experiments and the best fit parabolas to the
data points are presented in Fig. 6.

VI. Concluding Remarks

The research program which produced the results reported herein still
is in progress at the time (1973) of this writing, and it remains to be seen
if the principal results, notably the relations for the strength of the ice
cover in compression and in shear, Egs. (2T) and (32), and the predictions of
the streamwise distribution of ice thickness, typicael examples of which are
given in Figs. 2 and 3, prove to be relisble. If these results are verified
for uniform channels, the next logical step would appear to be application of
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this type of analysis to meandering channels.

A complete analysis of an ice Jam in a river must include con-
sideration of the whole flow-ice-river channel system. Specifically, for a
fixed quantity of ice coming to rest in & channel to form e Jam, ome should
calculate the added resistance it will offer to the flow, the corresponding
rise in the water surface and the overbank flow this produces, the thickness
distribution of the ice, and the interaction among these. This would involve,
no doubt, calculation of the evaluation of the ice jam with time using a com-
puter based simulation of the jamming process. The analysis developed herein
would eppear to provide ome of the key camponents of such a simuletion.
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Figure 2. Normelized ice thickness profiles for
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Profiles normalizés dépaisseurs de
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Figure 3.

Normalized ice thickness profiles for
constant energy gradient case

Profiles normalizés dépaisseurs de glace
pour le cas de gradient dénergie constant
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ABSTRACT

Presented are experimental and theoretical research findings on the
kinematics of flow under the ice cover. Formulae are derived to determine
flow velocities, discharge, the position of the maximum wvelocity plane, and
eddy diffusivity of momentum. The kinemalic 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 carlier.

SOMMAIRE

Le rapport traite les resultais des recherches experimentales et théo-
riques sur le régime cinematique des écoulements sous la couveriure de
glace . Sont donndes les formules de calcul des vitesses d'ecoulement, du
débit, de la position du plan de la vitesse maximale, ainsi que des coeffici-
ents d'échange turbulente. On souligne que les caractéristiques cinématiques
des écoulements sous glace dépendent des valeurs absoclues de la rugosité
de la couverture de glace et du fond, et non pas de leur relation, comme on
a supposé auparavant,
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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 wetted perimeter. Besides, the presence of the ice
cover creates closed surface conditions. Similar flow conditions occur in
pipes and flumes with roughness varying along the perimeter.

The vertical velocity profile is asymmetrical { Fig. 1). In case an autumn
ice run precedes the formation of the ice cover, the roughness of the under-
side of the ice cover exceeds that of the bottom, and the plane of maximum
velocities { 2, ) is shifted downward from the cenire of the vertical. Provided
no ice run takes place before the final freeze-up, the underside of the ice
cover is relatively smooth, then the wvelocity maximum moves into the upper
portion of the flow. With the ice thickness increasing, the ice cover roughness
diminishes, hence fL/ is liable to move upwards during the winter.

0 4 2 4 6 8 1w 12V e
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Fig. 1. Diagram of flow velocities Fig, 2. Experimental profile of flow
distribution under the ice cover velocities (/2 = 7.6 cm; J = 1.54;
/t, = 0.0117; 72, = 0.0181)

NN. Paviovsky [1931] was 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 evaluate
the average velocities and the flow rate. Paviovsky suggested Chezy's well-
known equation for use in routine computations in engineering practice after
incorporating into it the average roughness coefficient (7 ) dependent on
the ratio between the ice cover and bottom roughness

A similar approach to the problem of flow under the ice cover is to be
found in the work of G.K. Lotter [1938, 1941}, A.A. Sabaneev [1948] ,

I.D. Denisenko [1963] , V.B Dul'nev [1962] et al.

In the above studies the water body is assumed to be divided vertically
into two zones. There appears to be a marked difference of opinion as to the
proper location of the boundary between them. Some authors, viz. Paviovsky,
Lotter, Dul'nev et al. consider that the cross-section should be divided
proportionally to the parts of the welted perimeter, others, namely, P.N. Belo-.
kon' [ 1940], LM. Konovalov [1952] , U.S. Ros' [1965] assert that it
should coincide with the plane of maximum wvelocities. Hydraulic calculations
of each zone are based on Chezy's equalion which was originally derived
for the case of a uniform free surface flow obeying the quadratic law

11. Levi [ 1948 ] and K.V, Grishanin - F.A. Spetsov [1968] applied the
well -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.MZhidkikh et al.



velocities was found to conform 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 wall region and the main stream. A velo-
city profile may be plotted on the basis of the expression for linear distribution
across the depth of shearing stresses due to friction, the eddy diffusivity of
momentum being assumed to vary linearly in the wall regions, while that in the
main stream was taken to be constant.

Without analysing in detail the relationships employed in the calculations
one should emphasize that in many cases they yield markedly discrepant
results, Common to all the studies listed above is the division of the flow
under the ice cover into two independent zones whose kinematic conditions
are affected only by the surface adjacent to them. In other words, when the
absolute values of ice cover and bottom roughness differ, but the ratio between
them is the same, the flow wvelocities and the other kinematic parameters should
be equal. However this conclusion is not borm out by the data from a special
laboratory test program outlined below.

The experimental rig consists of a wind flume 400 cm long, 43.5 cm wide,
and 8 cm high with bottom and roof made of glass and wooden walls. The
air supplied to the contraction is ejected by a fan after passing through the
flumaen The contraction and the first 50 cm of the flume are eqQuipped with
deflectors ensuring a uniform wvelocity distribution across the width of the flume
The effect of the flume walls was noticeable up to no more than 3 cm from
each wall, Flow wvelocities were measured by a Pitot -slatic airspeed tube;
piezometers were mounted in the walls of the flume to obtain the piezometric
slope line.

Tests were conducted at 6 different roughness values for the upper and
lower glass surfaces, as well as for surfaces formed of sand and gravel with
grain diameters of 0.5, 1.5, 3.5, 5.5, and 14 mm. 30 tests were run with various
surface linings and 6 with identical ones.

The latter permitted to evaluate the boundary roughness coeflicients: for
glass 1 is 0,0089, for grain sizes of 0,5 mm, 1.5 mm, 3.5 mm, 5.5 mm and
14 mm sz 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 roughness and the depth of the @ow.

‘There appears to be a wide divergence in the opinions of individual
invedigators concerning the problem. Thus according to M.M. Ovchinnikov
[1965] the average height of the roughness elements on the bottom, 4 , is
0.645d,vxhere d is the mean grain diameter, after A.N. Rakhmanov 1968 4
is 0,672 d ; V.N. Goncharov 1962 and S.Ya. Muchnik 19 accepted

A= (05 #07) .

In our calculations A is equal 0,5 . In determining the plane of
reference for depth {the so-called hydraulic bottom) one should bear in mind
that with a flow passing over a rough bottom, vortex zones are formed between
the roughness elements where the motion of water becomes mainly rotational.
Hence the plain of reference should be located somewhat lower thon the peaks
of the roughness elements. Some researchers selected a plane of reference
(0,05 + 0,12) d below the peaks of the roughness elements. The problem stands
in need of further elucidation. It should be noted, however, that calculation of
flow in rough channels remains valid irrespective of the position of the plane
of reference, when chosen within reasonavle limits, relative to the peaks of
the roughness elements. Afterwards all the hydraulic flow parameters are to be
referred to the chosen depth reference plane. Herein in reducing the experi-
mental data the position of the reference plane was assumed to be 0.25 174
below the peaks of the roushness elements. The tests indicated that the dis-
crepancy between the roughness coefficients evaluated with the depth reference
plane either at 0.26 & or at 0.05 @ below the peaks of the roughness elements
amounted only to 4.5% for gravel with grain size of 14 mm, while for grains

19 V.MZhidkikh et al.
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with & = 5.5 mm it is, practically, absent. Hence the depth of the flow was
determined during the tests as:

h=H+o05(2,+72,) C (1)
where H is the spacing between the roughness elements;

¢,and ¢, are radii of the roughness elements at the roof and at
bottom, respectively,

h-h, 5

2 ]
N
Q65 < W\ \ \
\ N
O
0}0‘0 20 \ A\ 0\2:
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Fig. 3. Position of maximum velocity point Fig. 4. Relation 1:):6. =/(/;“/zz)

Vertical velocity profiles for two test runs are shown in Fig. 2 and the
point of maximum velocity in Fig. 3. The kinematic parameters of flow between
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 contradicting the results obtained by
other researchers the conclusion is far from being unexpected. A slmilar
effect of boundary condiions on the regime within certain systems has been
recorded in a number of flelds of science. E.g. the theory of heat transfer
recognizes tha the thermal regime of a body is govemed by the absolute
values of surface hea transfer coefficients, but not by their ratio.

Let us pass on to the analysis of the ‘kinematics of flows under the ice
cover. Let the origin of coordinates be placed on the ice cover surface
and the normal ¥ -axis is directed dowrmard. Assuming the motion to be
uniform and steady, the eouations for the upper ( Z _4/5,(), and lower (2 >4 )
zones of the flow may be wrltieg as ’

d 2
AT gpy -0 (2)
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Here ( is 1 and 2 (the values with subscript 1 referring to the upper fow
zone, and those with subscript 2 to the lower one);

is mean velocity;

is the eddy diffusivity of momentum ( viscosity) ;

is the slope;

is gravity accelemation;

is density of water.

e solid boundary conditions may be described by

ERON ‘i?*s

adv,
V, =0 L,dz E-a’ (3)
av,
- a
" Ldz bd 2-4 (4)
The Li, are glven as
J=ah,  and  L,ca,(h-k,). (5

where @, is an empirical value defined below from experimental data.
In the z =4,, plane the following conditions must be satisiad

av _ av, ;
az| Tz'_zL\ ik (&)
Z+k, 2=/,
v z=/z,= Pe z<k, (7

\/g» in Eq( ”) represents the mean value of the L’urbulen! exchariie
coefficient within each rec)xon, i.e.

A= T/ﬂ,/?/a’z arnd A, *"}g‘/ﬂ (2)dz. { &)

The Prandtl-Karman formula which is extensively used lor the solubon of
various problems of fluld-mechanics is applied to determine
i 13
L/g_ddy/‘“'.) ) (o
(\a&? =% )? "
It should be pointed out that a similar approach can be found in the
work of V.M. Makkaveev [ 1940] , ALV, Karaushev [1961].
However the results obtained stand in need of further refinement on the
ground that the # coefficient was assumed _constant across the depth and
was computed from the expression ﬂ: i

derived for free surface flow where ™~ is th’e specific weight of water; ¢
the weter discharge; (, is the Chezy coefficient for the bottom; 4

m = 223 m99sec. Beésides, the values of ( were established by Basiine!
empirical formula for vertical velocity distribution in free surface Oows,

By integrating Eq.(2) including the conditions of Eqs (3) -(7) as well
as (8) and (9) affer some transformations the following relationships can be
obtained for flow velocities, the position of maximum velocity and coeficients
of turbulent exchange:

%—[z(ﬁl-%_)“h['f/zf] ' (10)

J 3
V| 1O IR 2 S Bl PR

2
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me L) 2V Ly rwlh- L)% (1-m)xh (B +2L,) -
1-K

JZ‘,=Q4:/77¢/L, I’;J/z, ; (13)
A, =04px(k-h,) 19X (h-1,) (14)

_./h_ 3/2
K 7, /z /L) (15)
Introducing the symbols y
1% prE e gTE Ayl ()
then
V., TR {7(270 7)720,7; Lag)
jfﬁuo.m?/%; (18)

K(/_o )”/2 (19)

7’: /--—yﬂand 7 =7 —%—’ must be substxhxted in Eqs (17) and ( 18)

for and 7, when computing |, and ﬂ
From a Simultaneous solution to Egs (12) and (15) the position of the
maximum velocity is

/
o377 (20)
in which
2a,17
=261 2a,+1 (21)

The water d.lschaxge rgllahon is 4

va’Z/Va’Z [%— ,#i-?—r) (22)

The laboratory ﬁnd.mgs demnbed above may be used to estimate the &,
value incorporated into Eqs ( 17) —{( 22). @, velues are obtained by Eq (17)
in which all the terms exceg @, and (, ‘are found experimentally. In the
calculation results presented ( Fig. 4) the roughness coefficient of the
boundary adjacent to the layer is designated by fz , while 77 ashands for the
roughness coefficient of the opposite boundary. The data plotted in Fig. 4 are
approximaed by

g

2, . [870170-/&?(%) -/_52] ' (23)
Substituting AL. for zzt we have o0
_ -0312 y Ay )-0255 d
a, [958, (——Aw) ] , (24)
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In Fig. 5 the (Z£ values obtained are represented as a function of the
Ve /umxretio, in which Vg is the dynamic velocity of the upper ard
lower ﬁow layers, respectively. The same figure shows the calculated values of
@; based on F.A. Spetsov's field observations. Experimental and feld data
appear to be in very good agreement. The relationship represented in Fig. 5
is described by
Vei 3
2,005y ) . ( 25)
On condition that the values of %Z; ard A are known, Egs (23) and
(24) yield the values of Q, . In case 71, ard A, are unknown, ¢ . can be
evaluated by Eq (25) provided /, and’ y,  afe predetermined. The ratio
Ve /V may be defined as
nax
Vei
VMI
based on the outlined experimertal findings. Given the 72, ard ”z values,
72 may be calculated, for instance, from Paviovsky's formula.
The formulae (17) -(23) given above together with the relationships
(23) -(25) permit to obtain a full solution to the problem of calculating the
kinematics of flow under the ice cover.

a.

L

’ 1

- 31571 0.9

|

4 : 6 8 B/ Yei . 1p?
y”lal

Fig. 5. Relation ai=;ﬂ(—y’f—"—) ; (1 - experimental dala; 2 - field data)
& Ymax
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AN APPROACH TO EVALUATING THE INSTABILITY OF

LONGITUDINAL RIVER-BED VARIATIONS
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ABSTRACT

A procedure is presented for evaluating the instability of
longitudinal river-bed variatioms. The rate of river-bed wvari-
ation is obtained from the equation of continuity for sediment
transport and a sediment transport formula. A numerical
example is presented to illustrate the computation procedure and
an evaluation of the instability of longitudinal river-bed vari-
ations.

SOMMAIRE
Une méthode est proposée pour l'évaluation de l'instabilité
des variations du lit de riviére longitudinales. Le taux de
variation du lit de riviére est obtenu par l'équation de conti-
nuité pour le sédiment et par une formule du sédiment. Ln

exemplaire numérique est presenté pour illustrer la méthode de
computation et 1'évaluation de 1'instabilité des variations du
lit de riviére longitudinales.
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INTRODUCTION

Longitudinal river-bed variations are usually induced by runoff regulatioms
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 VARTATION

By taking the x-axis in the downstream direction along the river-bed, and
letting Z be the river-bed elevation measured from a datum surface, then for the
rectangular cross section of width B, the equation of comtinuity for sediment

transport is
9z, 1 3o B, 94 W
at B(1 - X) Ix - B

in which t = time, A = the porosity of the bed material, 9 = the rate of sedi-

gent transport including suspended sediment in volume of material per unit time
and unit width, and Qo = 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, 0Z/3dt, can be expressed as

- 3q q 3Q
3z 1 T T 3B +_1 _"Mo @

3t (L -N @8x  B(L-XN @ax ~ B ax

in which Qio = the total sediment inflow per unit time or total sediment outflow
. T—

per unit time, and BQio/ox a," b
As to the equation of sediment transport, the Sato-Kikkawa-Ashida formula
is used: .

2

F T U

AR
x d [(a/p) - 1)1 g d

T (3a)

in which qg = 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 = the acceleration of gravity; 0 and p = the densities of
sediment particles and water, respectively; T _ and Tc = the shear stress and

o
critical shear stress, respectively; F(tO/rc) = g function of roltc 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(400) 2% for n < 0.025 (4b)

From Eq. 3a, the rate of sediment transport is
3
$(n) F(TO/TC) v,

9% " "G/ - 118 (3h)
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In this paper, the rate of sediment tranmsport, > is used instead of ar
(1. e. the suspended sediment is not included in the analysis of river-bed vari-
atiouns) .

APPLICATION TO AN EXISTING RIVER

Description of River.— As a numerical example, the lower Tenryu River 1s used.
The Tenryu River flows through Hamamatsu City, Shizuoka Prefecture, Japan, and
flows into the Pacific Ocean. This river has a drainage area of 5095 square
kilometers, and the length of the river is 213.7 kilometers. Mean river-tad
slope in the lower Tenryu River 1is about 0.00l. Fig. 2 shows the plan view of
a study reach in the lower Tenryu River. Longitudinal river-bed profiles and
the longitudinal variation of water surface width are shown 1in Figs. 3 and 4,
respectively. Fig. 5 indicates the longitudinal distribution of mean grain
size of the bed material.

Computed Results and Evaluation.— Taking Ax = 200 meters, and using Eqs. 2,
3b, 4a and 4b, the values of AZ/At at each section were computed for ¢ = 4500
w®/sec, 7000 m’/sec, and 11130 m®/sec. Figs. 6, 7, and 8 show the longitudinal
variations of AqB/Ax for Q = 4500 m’/sec, 7000 m’/sec, and 11130 m’/sec, respec-
tively. The longitudinal variation of AB/Ax is also shown in Fig. 9. Final
results on the longitudinal variations of AZ/At for Q = 4500 m’/sec, 7000 m'/sec
and 11130 m’/sec are shown in Figs. 10, 11, and 12, respectively. For compari-
son purpose, the longltudinal variations of the observed minimum river-bed ele-
vation are shown in Fig. 13. Observations for the minimum river-bed elevation
were conducted in 1960, 1962, 1964, 1966, and 1968 by the Hamamatsu Office of
Construction Works, the Ministry of Construction, Japan. In Fig. 13, the ref-
erence year was taken in 1958. This figure was reproduced from the reference
2. From Figs. 10, 1ll, and 12, it can be seen that the longitudinal variation
of AZ/At in a reach of 19 through 24 kilometers is very high. Accordingly,
the river-bed in this reach(1l9 v 24 kilometers from the river mouth) is consi-
dered to be unstable. By comparing Figs. 10 through 12 with Fig. 13, it was
found that tendencies of aggradation-degradation are very similar. Therefore,
the instability of longitudinal river-bed variations can be inferred from cthe
figure of AZ/At.

CONCLUSIONS

The conclusions obtained from this investigation are as follcws:

(1) The instability of longitudinal river-bed variations, and aggradation-degra-
dation tendencies can be inferred from the figures on the longitudinal vari-
atlons of AZ/At.

(2) For a reach which has a very high fluctuation of AZ/At,the fluctuation range

of AZ/At should be narrowed by river-course rectification works. Follew-
ing this direction, a stable river-bed for river navigation wculd be cbrain-
ed.
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It presents the author's observations on ice and zlacier “orzz-
tion, co-existence of icz with water, ice floatatiocn, loes—coyer
developmsnt and its effects, viscous flow oI ics and -lacier
under stress, kinstic drifting of ice blocks ané iceberss, thai-
stability and jamming, Zeeping ice free at obeiructionz, znf
treaking ice for navigation,

SOMMALRE

On présente des observations au sujet de la formation de la zlace
et des glaciers, de la co-existence de la glace avec leau, de
Vémission de la glace, de la développement de 1abri de glace et
ses effects, du flux visqueux de la glace et des glaciers sous la
pression, de la portée cinétique des blocs de la glace et des
icebergs, de leur stabilité 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 2 new
ice age coming, as climate experts so auticipate, the timely impor-
tance of this Symposium can never be overemphasized. Even though
another ice a2ge may never come, an Internmational Symposium on River
and Ice has its significance particularly for hydraulic engineers
perennially working in the cold climate, in the higher altitudes,
and in the higher latitudes.

History has revealed that man first migrated from temperate
zones to the tropics. As mineral resources become depleted in the
lower latitudes, man is reversing its migration toward the poles
for exploitation, encountering new problems different in degree and
extent from those existing in the more-inhabited regions only cold
in the winter. This adds to the justification of this Symposium.

As a nydraulician born, raised, educated, and practised in the
cold climate, the writer has seen so much of river ice from 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 techneclogical facets and noteworithy relationships.
Because of space limitation, this paper can only deal with a few
observations of the effects of flow conditions on ice formation,
drift, cover developments, jamming, ard brezk-up. These effects
are, in turn, affected by man's efforts in improvement works for
multipurpose river training and navigation.

OESERVATIONS ON ICE AND GLACIER FORMATION

Ice Formation from Liquid Water

This section refers only to ice formed by the freezing of na-
tural bodies of liquid water at temperatures below 0° Celsius (32°
Fahrenheit) as in the lakes, rivers, canals, estuaries, and seas.
The formation of ice in the form of snowflaxes 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 form of frost at
ground level by the freezing of water vapour, and the formation of
ice by the freezing of liquid water as hail, or as 1ce made through
refrigeration, though the latter two cousist of a compact aggregate
of many crystals as ice in rivers in the cold climate.

The fact that ice formed in the natural bediss of water con-
sists of a compact aggregate of many crystals is not ordinarily
apparent, because ice crystals grown from liquid water de not de-
velop crystal faces. The individuwal crystals can, however, be re-
vealed by allowing the ice to begin to 5
As the individual crystal grains are wmuch more stable than their
boundaries, the latter melt first, leaving the many crystals as
separate pieces of ice.




It is also expedient to reveal the crycstalline structure of
ice by focusging the sun's rays inside a crystal., This causes the
ice to melt internelly, and a snmowflake-—shaped figure known 2as
Tyndall (1820-1893) flower, filled with liquid water, is formed in-
side the crystal, The figure reveals the same hexagon symmetry as
frost formed at ground level and snowflakes formed in the ciouds.

Typical ice specimens have crystals about orly 1 t¢ 20 mm in
size, When the crystals have grown larger by long-continued re-
crystallization, they may reach half a meter in diameter as in old
glacier ice.

nation from Water Vapour as the Pre-State of Glacier

Snow is the pre-state of glacier, in the solid form of water.
It is fermed 2t temperatures below O° Celsius (32° Fahrenheit) by
the free; W

ter vapour., It shows clearly the crystalline
nagure.

Ezch snowflake is a single crystal of ice, anéd its hexag-
¢ reveals the symmetry of the crystal. The shapes of
s and also frost crystals, while conforming to hexazonal
syumetiry, show great variety such as needles, prisms, hollow col-
urms, plates, simple stars, intricately branching stars, and com-
binaticns of all these. The crystal shape is dependent on tem-
perature, and a change of only a few degrees can greatly alter ths
chape of an ice crystal growing from the vapour,

s

Glacier Tce Formzation by Comsolidation of Snow

Glacier ice forms by the comsolidation of smow under the
weight of successive laysrs, accumwlating ysar after year. The
snow cryatals first transform into small round=d zrains of ice &by
brealkage of their delicate arms and evaporation of their sharp
tips, forming a porous granular aggregate called firn,

By subsegquent compaction and recrystallizaticn, firm vecomes
glacier ice. The transition occurs when the pores, containing air
trapped with the original snow, become sealed off from one anoihen
Because the pores stronsly reflect and scatter light, snow and
glacier ice appear wnite, in contrast to pure, pore-free ice,
which is transparent and colourless.

CO-EXISTENCE OF ICE AND FREEZING WATZAR

The latent heat of fusion Tfor water is high compared to those
of most substances, It requires 79.8 calories of heat to melt omne
gram of ice., HMelting ice remains at a comstent temperature of 0°C.
In fact, the 0° on the Celsius scale is defined as the tezgerature
of an "ice-wvater mixture” under air at aimoaspheric pressure. It
is this phenomenon of co—-existence that makes ice drift possible
in rivers. It is the consumption of heat for ice to melt that
makes ice a natural refrigeratinz 2zent or neat sint in the atmos~
pheric environment in the spring, On the other hand, it is the
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liveration of large latent heat and the maintenance of 0° C in the
early winter that makes the freezing water an effective buffer
against severe cold.

FLOATATION OF ICE

-3 For equal mass at o’ C, while water hasza density of 0.9988 g
cm “, ice has a density of only 0.917 g em “. Therefore a mass of
ice occupies 9% more volume than an equal mass of water. Not only
ig this responsible for the bursting of water 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, dut in-
gtead become protected from further freezing by the ice floating an
top as an insulating layer.

As a result of the increase in volume on freezing, the melting
noint 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 the melting
and consequent lubrication that occurs where the sliding object
presses against the ice. The same 1is 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 ths section on
"Ice and Glacier Flow."

OBSEZRVATIONS ON ICE COVER DEVELOPMENT AND ITS EFFECTS

The condition of low-=water flow through rivers in the winter
season with slack current causing streams sluggish, coupled with
low inflow due to snow precipitation and accumulation of smow in
shaded areas, and frozen tributaries, contribute te the favorable
factors for ice formation even in the main streams in the northern
climate, In natural regimens with occasional shallow expanses of
water, the almost non-=flowing shallower portioms will freeze first,

In the previous section, it was stated that natural bodies of
flowing water do not freeze solidly from top to bottom, but become
protected from further freezing by the ice floating on top as an
insulating layer. This insulating top layer is commonly kmown as
an ice cover., Once ice beginning to form, unless perturbed, con-
tinued cold temperatures below 0° C will first develop a thin
cover, and this thin cover will grow thicker and thicker until a
thermal equilibrium is reached and maintained at the underside of
the cover.

Under the severe cold climate of northern Manchuria of China
where the liberation of heat upon additicmal Ir ing is quickly
lost through conduction, there are abundant cases in which the ice
cover has continually grown to such great thickness and strength
fhat railroad trains can be diverted to run on tracks laid over
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ice cover crossings while the bridges are subjected ito repair,

The formatior of ice cover over flowing water will be followed
by the 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 mmch
slower, 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 Undersgside 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, freeze-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 between the local heat transfer
rates by conduction through the ice and turbulent transfer from
the flow to the ice, The local heat flux to the interface from
the flow may be expressed as a small perturbation expansion in
terms of the stespness of the monochromatic interfacial wave, as-
suming the local heat flux to be shifted relative to the interface
wave, Further analysis can yield a stability criterion and ex-
pressions for the amplification rate and celerity of the ripples.

Hydraulic Rou egs of Ice Covers

’

In cold regions where rivers and canals are covered with ice,
not only the ripple-like reliefs are developed on the underside
but also the ice depth near the banks are several times thicker
than that over the mumch swifter main stream part of the waterway.
Their combined effects cause an inerease in surface roughness co-
efficient and hydraulic roughness and consequently an increase in
head losses considerably higher than those of smooth boundaries.

These features are caused by heat transferred from the hottom
of the stream and heat loss by thermal conductivity through the
ice cover. Observed ratios of wave height to wave length of the
ripples do not exceed aporoximately 1/8 which is the approximate
upper limit of wave index number of separation free flow over sin-
usoidal waviness. The overall hydraulic roughness will consist of
a composite roughness coefficient as a function of ice-underside
and channel-bed coefficients,

VERY VISCOUS FIOW OF ICE AND GLACIER UNDER STHESS

Despite being brittle and shattering like glass when stiruck
with a hammer or pick, ice flows plastically under low stresses of
long duration, or under high stresses when fracture is inhibited by
pressure as at depth in very thick ice or glaciers.

37 Shu=t’ien L1



The hezagonal layers of the ice crystal can glide past one
another, much like pieces of paver sliding over ome ancther. Such
gliding occurs with the movem=nt of crystal dislocations, It is in
this manner 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 altvitudes.

Since the different crystals, gliding in different directions,
tend to interfere with one another, they impede the flow and force
the crystals to bend. However, the bending does not become severe,
because a process of recrystallization causes new, fresh crystals
to grow continuously at the expense of old, deformed ones.

The flow of ice in bulk resembles somewhat like the fiow of a
very viscous liguid., With a viscosity for ice oI about 10 4poise,
the viscosgity coefficient is not as constaent as in liguids, but
decreases rapidly with the increase of stress, This explains why
the flow rate increases much more rapidly than in simple propor-
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.

KINETIC DRIFTING OF ICE BLOCEKS AND ICEBERGS

Ice pieces, blocks, and flats drift downstream in rivers.
Icebergs drift in seas, Their difference only lies in the magni-
tude of the floating mass. At the upstream reach of large streams
in higher latitudes or at higher altitudes, the fleow of ice resem—
bles that of a glacier. -

In the spring, temperature rise coupled with warm rains and
accentuated by torrential ice-and-snow-melt flows, the ice cover
will partially melt, break up, and drift downstream, A floating
mass of ice broken from 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 currents, 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 outward
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, Many ice-
bergs are overturned, or tilted, as they set sail, as the result of
the wave cutting and melting which disturd their equilibriuvm,

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, especlally those of glacier origin, usually carry a
load of debris which they gradually strew upon the sea floor. Gla-
cilal material found in dredgings shows that icebergs occasionally
transport their load for a conslderable distance,

STABILITY OF FLOATING ICE BLOCKS AND THEIR JAMMING

There are two obvious circumstances that may affect the stab-
ility of floating ice blocks: (a) when the bumoyant blocks on a
flowing stream are swept under a downstream floating cover; and (b)
when flcating vlocks hit a natural bend or ledge, or a spur dike or
groin, or bridge piers.

The critical condition of stability at which buoyant blocks
are swept under a downstream floating cover can be inferred from a
one~dimsnsional hydrodynamic analysis of the flow passing beneath
the upstream end of a floating cover, and the force and monment
equilibrium of the block, The corndition of incipient submergence
is reached when the bleck sinks and rotates until the stagnation
water surface elevation equals that of the top upstream edge of tke
block,

foen blocks of ice drift downstream, they will hit natural
b2nd or ledge, or artificial spur dike or groin, or bridge piers.
TUpor impinzing impact, they are rotated or brckern irnto smaller
pieces, Someulmes, large vlocks of ice canmot flow throuz!
*oxl” gpaced bridge openings., Even tne elongatpc ice blocks
tnough may be much narrower than a bridze opening, upon lmoact on
a bridge pier, are rotated and hence cannot drift through.

Thus, ice jamming may oecur at much narrower sections ol a
river or at the upstream side of narrowly spaced briage openings.
The jamming wlll start with big floating ice blocks, and then fur-
ther aggravated by the accumulation of smeller ice blocks, riling
up on the upstream side.

EBEPING ICE JAMS FREE AT BRIDGE OPENINGE

In cases of jamming on the upstream side of bridge piers, tn2
piling up ¢of ice can exert tremendous pressure on the substruc=-
tures. Narrowly spaced high pile trestles carrying narrow road-
.;ys are especially prome to such jamming and its conseguence of

erturning, There were cases in which pile trestle bridge:z &
given many years of satisfactory services were completely damag
to destruction.

Tn such instances, it is imperative to kxeepn the uvstvedd SLQG
always free of ice acckmulatlon by having attendants to bre
ice, working from a boat, The same precautlon can be advan
1y ‘Eplied to the upstiream gide of dams to relieve the added lat-
eral pressure due to ice expansion upon freezing.
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ICE BREAKING AND ICEBREAKERS

To keep navigation open during the winter in seas, lakes, and
large rivers in the cold regions, ice brezking operations have been
resorted to for nearly a century by the use of icebreakers. They
are especially designed vessels equipped to clear a path through
ice in navigzble waters, Generally, they have been designed to
adapt their use to particular ice environment, such as the Arctic,
the Baltic Sea, the Great Lakes, and the North China Seaports.

In order to perform their functions efficiently, the design of

icebreakers usually requires to incorporate several features:

l. A high beam-to-length ratio to permit the icebreaker to
cut a channel wide esnough for a conventionally built ship
to follow in the waters under consideration;

2. A high horsepower-displacement ratio to permit the ice-~
breaker to make sustained progress in ice of varying
thicknesses;

3. Using flare-shaped transverse sections to permit the ice=
breaker to 1ift when under ice pressure during operation,
and to take advantage of the heavy rolling action (up to
40° to 50°, resulting from the use of flared sectioms) for
ice breaking and for helping the vessel to free itself
should it become stuck;

4., Heavy plating of the underwater body, combined with rug-
ged framing to resist the crushing effects of ice breaking;

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-
mun power from a standing start; and

7. Providing large fuel capacities for icebreakers operating
in polar or other regions where refueling facilities are
lacking, or using nuclear-powered icebreakers.

CONCLUDING REMARKS

The above have been observed in the cold climate on sea lanes,
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 1s easier to keep deeper seaways (whether nat-—
ural or dredgeds, 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 formation and development of ice cover. A48 & 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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ABSTRACT

Part of the problems concerning winter-time operation of low head
barrases are related to ice motions- covering a large water surface
and are termed saturated motions. In this paper permanent, linear,
uniform types of ice motions are being discussed in the f'rst
place., The results obtained point out a few features of ice motion
and permit the examination of ice-run procduced thrously backwater
effect, as well as determining the pressure inside the flowing

body of ice.

SOMMAIRE

41 A b



varyin~ ice motion

3sturatec ica2 notion is a passage of ice with hardly any free

surface of water between the individual ice blocks, so thet the
w.a2ter is moving along with the ice, Between blocis, running ice
and the banksides a powerful interaction is being developed.

Jriting down Fewton’s law for the ice runmning across a prism of
an averaze width of 3, thicimess d and length dx, the following

dlfferential equation can be agbtained:

%(def,- dx )( g:‘ i+ %)'Mzﬁidx t sgn(v,-v,)ﬁB(v,-vz)Z dx -

~prdx —8d 45 axz 8B, v} cos§dx L.

W

Jesignations:

d/ a/ Thickness of ice

7 /; 3'2/ Acceleration of sravity

i Grade

o Suip 272/ Thrust

t/ s/ Time

7,/ a s™1 /  ¥ean section velocity of water

v2/ a s_l /  iean section velocity of ice

v/ & el Yelocity of wind

B/ m/ Average width of river

P /¥p 2™/ Resisting force for a unit lerngth

IB /ip szm-4/ Velocity coefficient for friction between water
and ice

/3 _/‘;.Ip 324 Velocity coefficient for friction between ice and
wind

i/Mp a~°/ Gravizetric demsity of ice
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of wind
The direction of ice-run is the positive direciion znd for forces
acting between the ice blocks thrust is to be considered positive,
Entrainment between the blocks may be neglected,
From the aspect of dynamics consolidated ice motions can be diviced
into two groups. In the case73§-= 0, the ice motion is referred to
as a motion free from congestion, if this is not the case, ac
Jjemmed ice motion.
The law of the conservation of energy comes here to the foreground
"as a precondition of continuity which can be exgressed, with density

and thickness oY ice being constant, by the following differential

equation:
an n 48 d vz an
(ot B ax )t Tax T a5 "0 2.
Designation: - n surface covers : 5

2. Permanent, uniform and linear ice motion

. [Z N . e .
In this case an =0 andSi—L = 0. Upcn the precondition (I con3oli-

dé ’ dx

dation, however, - 0. Thus Equ, 2 will be reduced to the siample

torm ofylaﬂ :,%(L = 0, from which follows that B = const.

2:1 Ice motions free from congestion

A resisting force will result from percussions and frictilon occurrirg
Hoth irside the bocy of the ice and alcngside the riverbenks. Zotz
types of resistance may be brought into connection with the velocity
of ice. Consequently, the resisting force for a unit length is
described by a function Pr =a, + f/v2/ to vhich e suitable ag;roxi-
mation exists through the quadratic polynoms for ice velocity:

B =8, + agv, + ayv3

From differential equation 1 the following relation mey be cecuced,
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with consideration of the polynome mentioned above:

L 2 M TR 4 (1)1 22 )
=, Z2(1-=) %,

wnere - ar . . ar . .00 _ d¥ * Buw ,2
B0 B " EE T4 3 vwco.s'f
further on ya 1 .
u I+ = e

Vi
I% can be proved that the function z = f/vl/ has no extreme value

within the range of positive ice velocities, which means, that the
relative retardation of ice diminishes with the increase of water
velocity.

The value of o< can reasornably be approximated tarough relation 4.
Z.5., 1n the case of 'l = 0,95 o = 0,0025, and in the cese of

7} = 0,80 & = 0,0625. The approach foro<y is a similar one, in thet
cags it is suitable to proceed from the c:m:uiitiov:m(2 = 0, resulting
ina, ¥ '—%*—Z-l-z)n;.r'or example, for 7; = 2,0 and Z = 0,5 the; = 0,10,

Scee functions ‘Z =7 /vl/ are shown in Fig 1.

o = 0,05
oty = 0,00
o, ~0./0
o =025
oty = 0,80
=7 '0_0"

2 : -
034 Fig ! The function 7 (v) for a uniform
' and ugyammed flow
012 T T T —
s Lo ) 20 vy mfs
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2,2 Jommed ice motion

For this motion resistance mey be brought into connection with
thrust appearing between ice blocks, through ihe reletion

Pr =a, r f/aop’vz/p which can, in first epproximstion, be treated
as a linear function of thrust. In that case differentisl ecuation

1 may be brought to the following form:

_%E(L’rf—fgﬂ-(ﬁ-ﬂlp(x) <Ao(x)+ V2 Ar(X)+ Vg Ay (X) .
where A /x/ ... etc, are functions which can be written on the basis
of water velocity and river bed chaeracteristics. Sutstituting

w /x v2/ for[Laa'gB%)'—le anc for the ceses x = 0, p = 0, it wiil

Pk

(5) ( f X ’ )
fw md[f Ao( .()t:fLu )0 dffvlfA,(j)c.fw(“l)dcf:'§+

+v‘f'A,(§)c .f‘””'")‘”du

For the casew /x1 / = const, it will be
f) -w(x-f)

-w(x-§ o
P- fA,,f dffhf,h(_{)c d§+v,fA,§ ~df
with ceswnet_or;s/‘a(f)'leAy(I)f Vz Ay (§) =F(fH va)
P=F(xvy)x 9%
At the end of the Jjammed stretch /x = L/ the tarust is zero. In il
caSe relatlon 6 w1ll lead to the follow;nU equat on:
w(Ll-x w(L-x ~w(L-x)

_fA,(x)C dx+szA1(x)G dX+Vz fAl(X) ax 7
As the forces which are being transferred from the water cn to the
ice or from the ice tc the weter are not incerencent of the sign of
the difference existing between the velocities, the coefficients tc
v cannot be calculeted unless \Z is ¥nown., Ir any perticular cese
ar edditional equation can be written between vy and V.. The Zgu. 7
can be transforzed in a way that v, can be defined, Such a probler

usually leads to a transcendental equation to be sclved,
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2.3 Ice motion developin: within the reach in the case of s linear

variation of water velocity

-2 model i3 shown in Fig 2.

Yy :
921
imm fy B AL 9
/ﬁ\% ekt G (L)
i 2 ‘s
i
L

Fig.2 A made/ for examining bhe 1c¢ madian
dereloping wibhin the reach

Througa the solution ¢f Equ. 7 t,ne following transcendental equ.ation
) )

2 ' -
211 e obtuinsd:—fz"—w* by (14 G—t")+26 b _ b=20

-~

: 3 2 O

Berepapre Bty e1) - &—{517"—1 _§‘1 +%’5 rektes g B -{(H»mfz.s‘)]
Jzzisnations:
st gy The Chezy velocity factor
2 3asi3 of natural logarythm
< Ratic of entrance to exist water velocity within

the reach
1,/ m / Length of the river stretch upstreaa of the reach

12, 12, 12/:1/ Stretches typical for the reach

1y / o/ Average water depth

3 = % Auxiliary value for calculations
Sy W 1: Auxiliary value for calculations
toFw 1’2' Auxiliary value for calculations

~ z - % . % 5 5
w-—zﬂé—— /a l/ A characteristic copstant for jamzed ice motions

z - Proportionality factor betuween tangential
stress and thrust;

/L - Quotient of longitudinal and lateral thrust
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The quentities of Zgu, & are non—dimensionzl, The ecuation is
7alid on the followinz ccnditicns:

- ~wly - ~wl %
_e wL_eUJ/ieW/I;«cwzand obviously ¢ wL(< €

1]

_ -wl,

- for cetermining the head only the fricticn betweern water and
river ted shculd be involvead,

- the relation snoulc not inclucde the thirc member of the resisting
force, an examination of the role of thrust being the objective,
Otherwise, the expression for D will be supzlemented, when the
constant member of the resisting force is being cousicered, by
a member '———z_—a°

Bgustion & was solved applyinsg the Yewton method and using z=n

IB¥ 1130 computer. The results are shown, in grephical perfcrwance,

in Fig 3

74~

o]\

28NN,

ZIN e —— A AL
o4 M——;::::;M{gf ——4-09
22 A=000 4.0

0 ; N .;'.g;gj-
o o 20 g0 40
Fig. J. Jnéerrelation between g and wl,

3a Summary., Conclusions

The relations described ebove draw the attention, regsrdless thst
they concern a relatively narrow range of ice wotion, to & few
considerations of practical importance, namely:

- it is conspicucus from »hat was said in chapter 2.3 that the

conditions of low head barrages a permanent operation woulc be
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inadeguate to produce an ice=-run under backwater effect. Over
stretecnas with a2 higher water welocity the propellent force to
be tranaferred to the ice will in greater part bte used up by the
“riction orizinating from the presesure within the body of the
ice. In order to produce an efficient ice-run a non-permanent -
operation should be carried out in which the ice is made to pass
tarouzh with the water level being changed and the discharge
oeing increased;

- for the caseuﬂz< 10 the effect of the dimensions of the reach are
strongly felt. The effect of these dimensions greatly decreases
over the range of 10%5(w/,£20 end, ifwl)20, this effect will be
a function of k;

- with an ice flow free from congestion the relative retardation
of ice will decrease with the increase of water flow velocity,
the rats of decrease not being generally directly proportional

to the increase of water velocity.
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ABSTRACT

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 MANNING formula. Simple relationships
between the cross-section characteristics and the reduction

of discharge are the result evaluated in a FORTRAN IV program
running on a CD 6400, subroutines have been checked on a

WANG 720 C.

SOMMAIRE

Si le profil d'un cours d'eau est formé par une couche de glace,

le débit diminue. Dans ce cas la rugosité 4 la base est variable

et differente de la rugosité de la couche de glace, gui elle-méme
peut varier le long du profil.

A l'aide de formules comme pour les rugosités composées et
l'application de la formule de MANNING, on trouve des relations
entre les valeurs de rugosité rendues sans dimensions et la
diminution du débit. On obtient de cette maniére une relation
simple entre les données du profil et la diminution du débit.
La relation est &valuée d l'aide d'un programme en FORTRAN IV
sur ordinateur CD 6400 . Des parties du programme ont &té
vérifiées sur ordinateur WANG 720 C .
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Introduction

Not much information has been given so far about the hydraulic
losses and the reduced discharge capacity of a so-called open
channel flow with ice-cover, Some efforts have been made in
Sweden (3) to find a relation between the hydraulic losses and
the ice-cover. The computations seem to have been based on the
assumption that both, the roughness coefficients for the channel
bottom as well as for the ice-cover, are equal.

This problem leads to a more general problem of relationship
between fluvial and ice-hydraulics, namely to calculate the mean
roughness or composite roughness for a cross-section in which
the partial roughness varies from section to section around the
wetted perimeter.

Many equations are known, but those cited in (1) as well as (2)
are connected with different constraints,

Discussion of formulae

The discharge is calculated by the MANNING-formula. The influence
of the variation of variocus members like slope, shape of cross-
section, change of roughness along the wetted perimeter on the
discharge is checked.

The composite roughness is determined according to (1} with the
simplifications mentioned therein:

Horton, i (Pini’s) 2/3 5/3
Einstein: n = EL_T?—_—_ , Lotter: n = —s7/3
& P.R
;P gt 2
» A N 2,]1/2 =)
avlovskii, Mihlhofer, E(Pini) i=1 i
Einstein, Banks: n = HP—
For particular flat % Pidi/zln(ni)
cross~sections (2) finds: In n ='5L————377——————
P.d;
it
The same author recommends for % P.1ln(n.)
wide shallow cross-sections: Inn = E——ig———i-

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 roughnesé n, . Any
shape of crdss-section 1is describéd by the x,, y, coordinates.
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 nli of the channel, roughness
nZi of the ice-cover, waterdepth d{, thickness of the ice-cover

ti .
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The composite roughness is calculated with the help of the men-
tioned formulae using the roughness of the channel and the ice-
cover. The total discharge Q, of a cross-section without cover
and the total discharge Q under the ice-cover are computed intro-
ducing the composite roughness-coefficients calculated from those
different formulae. Apart from these computations the partial
discharge of the N-parts of a cross-section is calculated and
summed up resulting in Q. Depending on the formula used a larger

or smaller difference be%ween 01 and QVL and Q and QN is found.

The difference depends on the assumed partial roughness of bottom
and cover. The difference between the mean calculation of the
discharge Q and the sum of the partial discharges Q, is a result
of the assumptions necessary during the derivation He the formula
for the composite roughness. Only the expression of LOTTER deli~-
vers equal results.

But there is another difficulty if the LOTTER expression and
formula (2) are used. The corresponding water depth in a cross-
section with ice-cover is different from the real depth. The
depth d under the cover has to be divided into two parts (after 4)
namely

dio = a.di and diu = (1 - a)di (e < 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)

Ax
| T "
b 1
| |
I |4 =f1-d)-d
I | [ 1
B NN AN
bl

P

1

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, respectively
is considered. In a nondimensional form the reducéd 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 = R1/2 is not longer necessary to calculate Q from Q.

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 ilce-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 profile
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

1

Computation of
composite roughness

4
_4 b 1 1 4
variation variation variation variation varilation
of of of of of
shape of water depth|/roughness roughness slope of
cross-section of bottom of lce~cover |lenergy line

: i ! ! 4

|

QUTPUT

reduction of discharge
by ice-cover

as function of
variables

52 Rouvé et al.



Results

The calculation shows that the nondimensional 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
without ice-cover is shown above the relation of the

roughness n

correspondihg discharges Q and Q1 .

The result is a functional connection of the form

&

Q

n_
)

(

P

The equation is valid independent of the formula used, the curve

F1,2/3

depends only on the shape of the cross-section given by the

characteristic value PX/P .

For one cross-section the curve is shown in Fig.

2.

n
e n=fin.n,)
o accarding to
I ; s
1.5 % R /P=0.508 + Horton/Einstein
% x Paviovskil
144 % O Lotter
A' & Krishnamurthy®
13 . e Krishnamurthy**
”' + regarding water depth
12 x - without regarding
° water depth
1.1 2‘
% rqughness, discharge
1.0 L n, Q with ice-caver
%A n,. Q, without
9 o] ice-cover
8 QA.
P, |
7 ®s.,
+
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Q
l q,
5 B 7 B 9 10 u 2
Fig. 2
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Fig., 2 shows that some values Q/Q,>1 have been received. That
would mean that the discharge witR ice-cover is larger than
without, what is physically not possible. The range of applica-
tion of (2) has to be limited in case of ice-covered cross-
sections. The values resulting from LOTTER above Q/Q., = 1.0 are
only received for extreme roughness conditions very }mly
possible in nature. In bilogarithmic coordinates the curves of
Fig.2 prove to be straight lines. The values of all formulae are
represented by parallel straight lines depending only on

PI/F - values (Fig.3).
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The parallel straight lines of the mathematical form

2
=% ( -
ln(n/nl) 5 - ln.Pl/P) ln(Q/Qll
cut the horizontal n/n1 = 1.0 in points whose positions depend
on Pl/P.

If one enters the lower part of Pig.3 with the known cross-
section value P, /P and transfers via the reflection line into
upper part up t& the horizontal n/n, = 1.0, the point is to be
found through which the straight liﬁe corresponding to the given
Pl/P runs, so that the line can be drawn parallel to the others.

Starting from the calculated ratio n/n, in the upper part of
Fig.3 with help of the now known line &epending on P,/P the wan-
ted value Q/Cl giving the nondimensional reduced discharge is to
be found.

In dependence of the roughness ratio n/n, and the roughness of
the cover the discharge may find a reducéion up to 2C % and more.

It was observed that in the mean Q/Q, reduces as the width in-
creases and the composition of secti&n becomes more multiple.
The reduction Q/Q, is small in a wide range of channel width,
Varying the assuméd roughness-values for one cross-section, the
results of Q/Ql computed after the several formulae differ.

PAVLOVSKII delivers the largest, LOTTER the smallest, HCRTON a
mean value of the reduction. The standard deviation of the results
in connection with an equal variation of roughness can be a
measure for the sensitiveness of the methods of calculation.
Regarding the changes of input-data of roughness it is to be
shown that the standard deviation of the results after PAVLOVS¥II
is low, after LOTTER high and after HCORTON a mean value.

In calculating after (2) the problem seems to lie in the laying
down of the water depth at the ice-covered channel, this problen
does not arise in the calculation of the composite roughness in

an iceless channel.

The results show clearly the necessity of measurements ir nature
to obtain comparable data for the calculation methods 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 general view

of the discharge decrease along the channel.

Example
The computation is made for a cross-section given in Fig.4
The input-data for this example are:
Riv ¥y coordinates of the cross-section
water depth d
thickness of ice-cover t
roughness-values for the bottom n
roughness~values for the ice-cover n,
slope of energy-line Io = 0.001
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Fig. 4

The output-data are:
1) cross-section characteristics
Pl/P = 252,18 / 499,03 = 0,505

2) friction factors for the composite roughnesses and dis-
charges according to the several formulae

n/n, Q/Q,
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 a,) 0,871 0,728

The method of using the diagramm Fig.3 is shown with the values
of HORTON/EINSTEIN as an example.
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CONDITIONS QOF THE ICE PASSAGE
THROUGH BRIDGE QPENINGS FREE QF
JAMS ON SIBERIAN RIVERS.

KCORZEAVIN K.N., The Institute of Railroad Novosibirsk
Head of Chair D.Sc. Transportation Engineers. U.S.S.R.
(I‘hg.)
Summary

The spring ice run on most great Siberian rivers proceeds
impetiously and with ice blockinge.For the most rapid opening of
navigation it 1s 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
spans is developed in this paper which takes into account the
principal factors of phenomena, in particular ceatral surface velo-—
city of the streamflow, the ice floe dimensions and their strength,
as well as the size and form of bridge piers. A method 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 pasaing proceeds always
without breaxing up of ice floes on the falling surface curve. It

is attributed to the greater strength of ice fields as compared

57



with the ice discherged from the ressrvoir after long retaining in
the upper reaches.

At the beginning of spring ice run the great ice fields
approached at the hr:i.dsg piers and being partially destroyed in the
zone of contact, they are often stopped. With the rise of water
level the stream-flow veloclty is increased, the linkasge of stopped
ice floes with the banks is weakned and the groups of ice fields
begin to move affecting the bridge piers.

It is assumed that even in construction of the bridge at the
rectilipear part of the riverbed there is an active length of that
filled with crushed ice which &ve to be taken into consideration.
Located up stresm the ice fields already do not affect the bridge
plers. There is a picture similar to that which is taken into
account to estimate the ground pressure on the tunnel casing.

If kinetic energy of group of ice fields gilling the active
length of the river part has been enough to destroy the ice floes
at the bridge piers, so is provided for ice passage through bridge
openings free of jams.

At one of the greatest bridge in Siberia we have observed (1)
the succéful work of the great bridge spans / 100 m/ during ice
passing and formation of local ice jam at the sbutment span with
dimensions 15 - 20 m.

Thus, the ice passing through bridge openings 1s connected
essentlally with the dimensions of span, the form and the pier di-
mensions(inclined cutting edges and piers with sharp vertical edges
faciliate to destroy the ice cover), the strenghh of ice movement
velocity of ice fields.

Character of interaction of ice cover
and bridge piers.

When the ice field impact the pier having vertical cutting
edge, there is to be observed a partial entry of the pier in the
ice accompanied by a considerable deformation, shearing and forma-—
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tion of crack of ice. The resistance of ice cover against impact of
the pier involves influence of local crumpling increasing the ice
surength at the breaking up 2,5 times. In connsction with the
breaking up of the ice edge the perimeter of cutting edge of the
pier touches the ice usually only at portion (0,5~0,8) of its length.

The influence of the form of the pier in plame is to imvolve
the factor diminishing for more edged formation of the cutting edge
of the bridge pier. The variation of the lce strength during spring
ice run reported from different climatic zones of the USSR may be
determined by the calculating formula of climatic factor which
changes from 0,75 to 2,25 (2).

It should be noted that the process of cuting of ice cover
changes in t:l.mé therefore the bridge pler is affected by alternatig
pressure end is vibrating, what also Cznadian and German scientists
wrote sbout.

The detalled investigations of this problem, carried out in the
USSR sre shown in the standards which are valid for our country (2).
Using the normative recomuendations may be determined dboth the im-
pact ice pressure against the pier /7 ton/, and specific dynsmic
pressure of ice per 1 sq.m. of the contact area of the pler /width 4/
with the ice floe having thickness / 2 /. It is evident that the
specific dynamic pressure of ice is given by

K= 2‘—% e //

when the ice field impacts the pler having inclined cutting
edge, it is destroyed by its bending. The vertical pressure compo-
nent can lead to the breaking up of the ice cover at some distance
from contact zome, usually equal to 3-§ thickness of ice cover. At
first advencing cracks form and then a circular crack is formed
yielding a pecullar ice cantilever.

It stands to reason that the pressure force of ice on the
bridge pier increases at first, them when the ice is broken up,
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it decreases almost ta zero. Then the process is repeated
cyclically.

The analysis of the literatura data as well as personal ob-
servations permit to determine, that the insufficient dimensions
of the bridge span can lead to the formatlon of ice jam, rise of
water level and ice floe impact on the bridge span structures. It
may be the undercut of the bridge piers and théir deformation.

Conditions of the lce-passage through
bridge openings free of jams.

Consider a possible method for estimating minimum dimensoiuns
valid for bridge span from conditions of the 1ice passage through
bridge openings free of Jjams.

The river in width /ﬂa / is spanned with a bridge whose open-
im/Jﬁ&/isﬂﬂhdmm/n/mml@m&wﬁhﬂmmﬁm//ﬁ
‘’he observations that had been conducted on the Siberian rivers
permit to conclude that during the full ice run the dimensions
the most often occuring larger ice floes were from 1/20 to 1/8 o
river width, with the ice f£loes having approximately the same
width 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 fleld with active length /.Z;/,
mass /A /. Its storage of kinetic energy may be estimated by

MY '
7= 2/

The investigations of the work of lce protection reservoir,
carried out in the USSR by Latyshenkov (4) permitted to estimate
that at L >53, of the further increase of the ice pressure on
the reservoir is not to be observed, for the part of pressure is
transmitted on the banks of water passege. Recently V.K.Troiniu(3
analysed this problem and faund that the relation / j%‘/ depends

essentlially on physical and mechanical properties of the crushed
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ice (angle of internal friction, adhesion), stresm-tlow velocity
regicen, and for ususl conditions in Siberia, it can reach the valws
equal to 3,9.

Taking into account the active length [o in accordance with
recommendations /1, 2 / equal to threefold of width of water
passage and movement velocity of ice floes equal to 0,9 of surface
current velocity / 7,/ and with / p / designating the part of river

water plene covered with ice, we find (£ig.1)

]'r_ Q;C/ﬂ:z ~ B-ZAP %/Z (3)
- g6 )
The storage of kinetic energy of the crushed ice masses
transmitted on one bridge pier, may be found egual to
7 Bhpd”
VG s LS )

i gén
It is evident that the ice jam will not take place, waen /7, /
has been enough to destroy the ice floes at the bridge pilers
with length / /, /e
Designating with / /7 / the horisontal ice pressure component
at the breaking up of ice field by the bridge pier , we obtain
unconditionsl inequality

7, > HE, (5

Whose using may be found from (4) the relationships for
limiting case
- B | 86 /&, A
7" Yy e (6)
It is easy seen that the value //{ / is always a little more
then the bridge span /£ /, with the relationship valid for

AL )

7z +7

Estimating the differeat values of the number of tks bridge

piers /72 /from 4 to 10 can be obtailned, that the relationship /. A /

61 SJopzhavin



changes from 0,80 to 0,91 and at an average may be taken equal
To 0,85.

A minimum size valid for the bridge span may be found from
the expressions (6,7) .

£» 2358, 4
PUZB (®

where Ak 1is the specific dynemic pressure of the ice /ton/sqg.mt/
arising with the crushing or breaking ice cover by the bridgs pier.

The relationship (8) tekes into account the velocity stream-
£low / 7, /4 conceatration of floating ice /p/, the ice floe
dimensions / 4, /, as well as the ice strength, the size and the
form pier in plene and in profile /A / and thus it shows the effect
of most essential factors. The formula (8) is shown in the norma-
tive documents (5).

It should be noted that from field observations for ice run on
the Siberian rivers msy be taken into account

concentration of floating ice P = 0,66 = 0,85
size of ice floes 4, 40,05 - 0,12) 3,

As is seen in figure 1 the relationship (8)is obtained for
particular case, when the width of streesm flow is equal to the
bridge opening. With the constructlion of bridges the opening is
designed often less than the width of streamflow /fig.2/. Using the
method at the first approximation similar to considered sbove,may be
obteined a more common relationship o be determined & minimum size
valid for the bridge span from condition of the ice movement free
of obstructions

2z

/; ;3'.;’/6/.: Pa

) (€))

VX /A
Here the parameter /// may be determined by the formula de-
pending upon the relationships of the width of streamflow (at s.i.te-
of river crossing durlng spring ice run) to the dimensions of the
bridge span.
Korzhavin
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L2 puh
Femes p #H g (10)
The dimensions / # / for different / Z / may be determined
by the table :
z= 2,00 1,75 1,50 1,25 1,00

t = 0’66 °| 71 0.80 0'89 1 E] 00
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Fig, I
- View of ice at bridge.
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ABSTIACT

The substance of the hydraulic and navigational problem of
a level crossing of a river with a navigation canal lies in the
diametrically opposite requirements concerning the magnitude
of river flow velocity at the crossing. In this connection se-
veral hydraulic phenomena, occuring at the crossing, which
affect its navigation properties, are pointed out. Equations
heve been derived for the approximate calculation of the water
volume exchange between the river and the mouth of the canal
at the crossing.

SOMMAIRE

Le principe du probléme hydraulique et de navigation du
croisement & niveau de la riviere avec le canal de navigation
consiste dans les exigeances diamétralement contraires présen-
tées sur la vélocité de 1 ecoulement fluvial dens le croisement.
Dans ce contexte on & asouligné quelques-uns des phénomenes
hydrauliques existant sur un croisement qui influencent lea
qualités de nevigation.

Les équetions sont dérivées pour le calcul approximstif
de 1 'échange du volume de 1 esu entre 1 ‘écoulement sur-le
croisement et la téte du cenal,



The substance of the hydraulic and navigation 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 river flow velocity to be as low as possible.

Due to these contradictional requirements, hydraulic pheno=-
mene 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 reguler oscillation of the river flow occurs from on®canal
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 navigetion canel behind its mouth, sluice chamber) on both
canal branches (Fig. 1).

navigation
canal
\

8
T
"’o;,.v
7%,
>

g 1

This oscillation results in the exchange of water between
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the river and the canal mouth which supports the sillition of the
entrance to the two canal branches by suspended sediments carried
by the river, causes unstationarity of the discharge below the
crroesing and affects adversely the trajectories of ships cross-
ing the river.
Water Exchange between the River and Navigation Canal Mouth. The
siltation rate in the canal mouth depends on the magnitude of the
water volume exchanged between the river and the canal mouth., If
this exchange is small, only a small discharge water guantity
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 1s greater, the quantity of bedload
settled in the mouths will be naturally also greater so that it
can even create a navigation hindrance. For this reason we 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 2; actually it will flow out also
through the lateral surfaces L and R; through these surfaces the
water will also reenter the river from the mouth.
2+ The water velocity in profile 2 is constant in all points of
this profile and equals the profile velocity Uz'
3. The deviation velocity of the water flow inte the canal basin
and its return velocity to its inifial position ia equel when the
deviation angles of the flow is the same.
First, let us derive the equation which is suitable for the cal-
culation of the discharge quantity which enters the mouth, when
from direct measurements the time dependance of the deviation
magnitude & of the flow is known:

x = f (t) (1)
In time t; = 4t, the flow deviates from its initial position 1in
the direction into the basin by segment Ax, (Fig. 1). In the same
time interval the water quantity

Q = 4Q, =4xy HUat (2)

passes through the surface AFl = Axy H. In time t2 T
2 At, the flow deviates from the initiel position by
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axy Ysz, whereby through segment Axl the discharge quantity
2 Ql =2 AQl passes in time t2 and through segment 4x, passes
A-.}z = sz HU 4t in time At.
The total discharge quantity passing through the deviated flow in
time t2 = 2 At amounts then to

P = HU 4t (2 4Ax) + 4Ax,). (3)
Adding all partial discharge quantities entering the basin in ti-
me t, = nat = L through the partial segments Ax1 to 4x,, we

4
receive for the corresponding discharge quantity Q1/4

By % B UAt[nAxl (0= 1)Axy * ees +4x ) +A xn]. (4)

In Eqs (1) and (4) n = the number of intervals into which time ty
is divided, t_ = time after which the flow deviates from the ini-

8
tiel position to the position of meximum deviation 8,T = oacilla~

tion period.
Let us now derive an equation for Q1/4 assuming that function
f in Eq. (1) is given by the law of simple harmonic movement

according to which

- : tx 7/\
x = 8 8sin <X N (5)

a
where tx is the time necessary for the flow deviation to reach

value x. Through the element of the area de of the outflow pro-

file, the water passes into the basin during the time

Aty Tty -t (6)
after which the river flow deviation is greater than that given
by length x. For t we get from Eq. (5)

2t
aty = tB arcsin —%— (1)
Introducing Eq. (7) into Eq. (6)
= i fr X
4ty =ty 6} 7~ ercsin — )e (8)

The discharge quantity passing through de = dx H in time aty is
dQ = HU Atx dx and expressing Atx in the last expression by Eq.
(8),

dQ=HU¢t, (1-—F arcein 3 ax. (9)
The total discharge quantity Q /4 discharged in time t_ with a ri-

ver flow deviation from its original position from x = O to its
maximum deviation x = s, is

8
Q= HU t, /0(1-—,—,.2- arcain %~ )dx (10)
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and by integrating we obtein

Q =30, ¢, (11,
From the third assumption it follows that for a discharge quanti-
ty Q1/2’ which enters one basin in half en oscillation period
(and thus even in & whole oscillation period), the following re-
lation Ql/2 = 2 Q1/4 holds true.

If the number of the water flow oscillation is n in 1 hour,
the quantity of water flowing into the basin of one canal branch
18 Q) pr 70 Qo

The discharge quantity entering the basin in time T/2 cannot
be stored in the basin permenently. This quantity flows from the
basin into the riverbed during the second half of the oscillation,
i. e. during the time, when the water of the devisted flow enters
the oposite basine It is evident that the flow of water from the
baain into the river chennel 1s not uniform so that the discharge
per second in the riverbed below the crossing during the oscilla-
tion period fluctuates and is not equelly distributed over the
riverbed width.

Effect of Flow Conditions at the Crossing on the Trajectories of

Ships. The safety of the crossing of the river by ships sailing
in the canal and the safety of their mutuasl encounter at the
crossing depends in the first place on the flow conditions at the
crossing, since these conditions determine the trajectory width B
of the ships crossing the river (Fig. 2). Let us consider some of
the factors affecting this width.

fig.2

71



a) At the given ship velocity and way of manoeuring ath the cross-
ing, the width B of the ship trajectory is greatly affected by
the profile velocity U1 of the river in profile 1. The hydrodyna-
mical resiatance R of the submerged part of the ship-hull sur-
rounded by turbulent flow having a velocity Uy, is

R, = —%— ¢y 9 012 S : (12)
where ¢, = coefficient of the total ship-hull resistance, § = wa-
ter density, 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 Uy to Uy, the resistance of the
submerged part of the ship is, under otherwise identical condi-
tions:

R, = =~ ¢, pU,° s, .3
¥ith the turbulent flow surrounding the ship~hull, c)Ac, 80 that
the relation between force R2 and Rl is given by

Ry ¥Ry (—;f—)
Since the trajectory width B is proportional to the resistance R,
we can write that Bl H Rl =B, : B, i. e

Ry . ; J2

By Bl —EI— = El \-ﬁz—) * (15
From this equation it can be seen that for U, < 31 we obtain at
the crossing & significant decrease of trajectory width B and in
turn an increaae in the safety for the crossing of the boat in
the river.
2) The trajectories of the shipa crossing the river are affected
by the angle, which is enclossd 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 side of the canal to which the flow is deviated, the ship’s
velocity increases considerebly. This greater velocity of the
ship is the cause of the greater width B and thus also cof the in-
creased danger of collision of boats which meet at the crossing.
¢) The crossing is the cause of singuler 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 longitudinel water surface slope,
nowever, affects to a greater extent the trajectories of ships
moving in the crossing. A ship sailing in the cansl and crossing

~1
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the river axis perpendicular to ite longitudinal axise, is driven,
by the component G sine of its weight, in the direction to the
lower banks (G = ship weight, = angle of water surface slope
with the horizontal ei the crossing). For this resson the sailing
of ships through the crossing is safer when the ship crosses the
river obliquely against the direction of its flow.

From the above and some other analyses it appears that the
optimal shape of a navigation crossing is the one shown in Fig.3.
Its characteristic features are:

I

=
ey morodle drking g

—_—— e ——— | novqeleocanoloss _

river

i

|
& akinia

TR Qars

l. mutual perpendicularity of the river axis end the two canal
branches;

2. symmetrical and parallel position of profile 1 to profile 2,
i. @¢ the longitudinal axis of profile 1 and 2 are not shifted
against each other in the ground plan;

3+ circular widened mouths of the two canal branches (such mouths
has the crossing of the river Lek with the Amsterodam-Rhine
Canal /1/);

4. the banks of the inflow channel reach above profile 1 have a
hydrasulically suitable shepe, used e. g. in rectifying struc-
tures of bridge profiles; the objective of this measure is to
equalize the velocity profile of the waeter flow entering the

} crossing;

5. the approach edges of profile 2 and the adjoining banks of the
riverbed have also a hydreulically suitable shape;

6. the navigation chambers on the canal are to be removed a much
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as possible from the crossing (et least about 1 km).

Although these characteristica can improve the totel hydrau-—
lics end navigational function of the crossing, they cannot solve
the basic dilemma between the hydraulic requirements with regard
to satisfactory bedload transport in the river and the navige-
tion requirements demsnding the lowest possible velocity of the
river at the crossing. This dilemma msy be alleviated by provi-
ding rectifying structures with movable tilting diking in the
river inflow to the crossing, which permit to change the size of
the discharge asrea of the inflow profile and thus also the flow
velocity of the river in the crossing. This may be used with
advantage for the pessage of long towing and for flushing the
rivebed in the crossing section to remove settled bedload (for
increasing the velocity).

Reference
/1/ Crossing of the Amsterdam-Rhine Cenal with the River Lek,
Hydro Delft, No. 18, January 1970.
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TIRACT

The purpose of this study was to develop a method for the
calculation of temperatures in the St.Lawrencé River for natu-
ral conditions before freeze~up and the forcast of the possibi-
lity to keep river channel ice-free in winter-time.

The paper presents the analysis of hydrological, thermal
and meteorological conditions for the investigated river section,
calculation of heat transfer coefficient, and the development
of the method for the calculation of river temperatures. Veri-
fication of the method was based on data from field measurements.
Three ways of improving thermal conditions in the river were
considered: increase of discharge, decrease of water surface by
river training in the form of a regimented channel, and the uti-
lization of waste heat from thermal or nuclear power plants,

SOMMAIRE

Les études presgntées dans ce rapport avaient pour but
1 élaboration de la méthode du calcul de la temperature d'eau
dans les conditions naturelles avant la période du ;el du
fleuve, ainsi que de la progose de la possibilité d'entretien
en 1' hiver du 1it du fleuve sans glace.

Dans le rapport on présente une analise des conditions
hydrologiques, thermiques et métédorologiques du trongon étudie
du fleuve, les calculs du coefficient d'échance de chaleur et
une méthode de calcul de la temperature d'eau. Sur la base des
données de mesures en nature on a verifie les calculs. On a re—
solu trois moyens d’ lioration des conditions thermiques en
fleuve, c'est a dire Pu-: 1:’;augueﬁation du debit, la diminu-
ation de la surface d e:u par la régulation du 1it du fleuve,
et par la chaleur rejetée des centrales thermiques ou nucleares.
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1, INTRODUCTION

The St.Lawrence River as a traditional navigation route was
always of great importance to Canada., Comsiderable thought was
given to the improvements of navigation and in particular to the
possibility of maintaining it a year-round ice-free chanmel.Many
proposals were advanced in the past to achieve this end. Barnes [1]
studied the effectiveness of icebreakers and pointed out the
s8ibility of utilizing the large heat content of Lake Ontario.
Karrym strongly advocated the use of heat reserve of Lake Ontario
by channelling the river flow so that heat losses would be reduced.
During 1951-3 Pruden et alJ6] conducted thermodynamic studies to
evaluate heat losses by theoretical and empirical formulae. In
1961 Hydraulics Section of the NRC initiated temperature measure-
ments in the Si.Lawrence River from Kingston to Port St.Francois.
As a result of field observations Ince [4] found that because of
thorough turbulent mixing, stratification and temperature gradients
are destroyed. Close agreement between recorded and calculated
water temperatures was obtained with the heat loss coefficient re-
commended for open water conditions by Joint Board of Engineers.

2. RIVER DISCHARGE
Discharge im the St,Lawrence River from Kingstom to Port St.

Francois is very steady due to the 1nfluence of Lake Ontario and
hydraulic structures which control the flow. The minimum and maxi-
mum discharge assumed for this study are 170 000 and 300 000 cfs
respectively. These values were increased by 40 000 ecfs for Ottawa
River. The average discharge in the fall and early winter is

210 000 cfs increasing to 250 000 cfs after the inflow of Ottawa R.

3. THERMAL AND ICE CONDITIONS.

ydraulics Section iciated in 1961 water temperature measure-
ments and ice surveys which were indispensable for the evaluation
of thermal conditions. Permanent recording statlons were establish-
ed along the river section 256 miles long. For the present study,
average daily water temperatures were used. During months of De-
cember and January ice surveys were made and maps of solid ice
cover were outlined.

4. METEOROLOGICAL CONDITIONS
The present study i1s based on average daily and monthly values

of various meteorological variables. This was considered as suffi-
ciently adequate for the comparison of alternative ways of keeping
the river ice-free. The normal monthly air temperatures for Novem-
ber and December Table 1 do not differ very much for 6 stations
along investigated river section. Therefore it was decided to use
meteorological data for ome station Montreal as representative
of the whole river section, to calculate heat transfer coefficient.
rnu data is listed in Table 2.
Table 1. Normal monthly air temperatures.

| Location istance from Alr tamratgaé ( 5) |

Kingston ovember | December L
Kingston omiles a7,8 23,5
Brockville 48 37,2 22,8
Cornwall 104 33,6 20,1
Montreal 166 35,7 20 i
Sorel J 226 33,4 16,9
Port St.Franciois 256 33,6 17;3
Average 35,3 20,1
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Table 2. Average meteorological data for Montreal.

Month t.] v]on S | op | ty ! oty -

Dctober 19 | i T4 0,02 | 794 58 )
‘November 38 8 0,28 384 46 10
December 20 79 0,73 | 391 34 14
January 16 78 0,76 | 593 32 16
February 17 {7 0,81 | 790 32 15

t,-air temperaturg ( ) S - snowfall (in/day) "
Ve_wind velocity ?nph t - water temperature ( F(J 3

h -humidity (% Qfp - incoming radiation(BTC £t~ qay)
m -cloudiness (tenths)

5, HEAT TRANSFER COEFFICIENT.

In order to calculate heat losses from the river it was nece-
ssary to formulate heat loss rate in a sufficiently simple form
that can be integrated along the river reach durinz the time, a
particle of water moves along the reach. The calculation of heat
transfer coefficlient was based on the amount of heat flow throuch
river surface which is composed of the following contributing ele-
ments: evaporation, convection, incoming radiation, back radiation,
and precipitation. The following formulas were used for calculation.
Evaporation. based on Mayer formula

Qg = 1,924 (1 = 0,1 V) (e, - €})  (s70/2¢% aay) (4)
A - heat of evaporation (BTU/1%) _
e = saturated vapour pressure at water temperature (‘m Hg

e’ = vapour pressure of water at given air temperature and rela-
tive humidity h (in H

Incomins radiation was obtained from direct measurements.
onvection ed on the Bowen ratio

Qg = Qg 0,0108- [::: ::J (8ru/24? aay) (2)

|
|

H(BTU /Ft‘,dag_;ﬂ

] 8 ] 2
Fig. 1. Heat transfer coefficient,
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Back radiation
Qg = 675 (1 - 0,09 m)(1 - ay- by (o) (8TU/t? day) (3)

6 - stefan Bol:nan constant 8y = 0,43
T - water temperature [¢: 3] by = 0,082

Prscignation snow
Qg = 0,52 s[uu(t - 32)] [m’u/i‘t2 day) (4)

The heat absorbed by precipitation falling into river is mainly
due to snow because of the heat of fusion. Rainfall was excluded
from the consideration because of its infrequency in this period
and its swall heat exchange with the river, Calculation of heat
transfer coefficient was based on the average meteorological con-
ditions given in Table 2. For each month 5 different air tempera=-
tures were assumed. The highest values of the coefficient were
obtained for October and the lowest for Pagmrx' Fig.1. Average
values for December and January 95 BTU ft“day were very close
to those suggested by the Joint Board of Engineers., It was decided
to use the average value of the coefficient in further calculation,
[:] CALCULATION OF WATER TEMPERATURES

For the derivation of the formula the following simplifying
assumptions were made. 1 The flow over the section of the river is
steady and uniform, with uniform velooity over the whole cross-
section. 2 Water temperature i1s uniform over the whole cross-sec=
tion. 3 Heat flow through river bed, heat gain due to fluid fric-
tion, and heat flow due to ground water .flow into or out of river
are neglected.

Using the notation presented in Fiz.2, the following heat
balance eqation may be written:

QP oty =Qpe(t et JoW B axft +§ at )~ t] (s)
- water density ¢ - specific haat. of water

tatdt,

Q@ — river discharge

W — awerage midth of the
:hm-aarﬂu Llength dx

t,. — average mater tempercture

ta —average air temperature

dt,, — increment n water temperature
over the length dx

A — cross-sectional area

Fig. 2. Scheme for the calculation of water temperatures.

This eqn&tion uy be simplifi d to:
Qpe dt = -WH dx(t_ =~ t,) (8)

After integration obtain X ‘ H s
tyr = (g = ta) @ b, (T) k=000 (8)
s~ water surface between cross-sections O and 1

PROGRAMME FOR THE COMPUTOR.

To calculate water temperaturss alonz the St.Lawrence River,
the section under study was devided into 2 miles sections for whi..
surface areas 1";x and cross-sectional areas Ay were calculated.
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Fig. 3. Scheme for the numerical procedure.
The scheme presented in Fig.3 was used for numerical procedure,
For these notation the formula for temperature calculation obtains
the following form:

~K1i
=e Yoy = )1-
t'i*_i ( wi 8, tng. 3 9

j = is the time index

In order to evaluate air temperature for a particular cross-—
section it was necessary to interpolate it according te distance
between two meteorological stations, and time of travel of water
particle. The programme prepared for SDS-9820 computor allowed for
discharge and water temperature changes at each of the 2 miles
sections., Average daily air temperatures were prowvided inm a tabu-
lar form for each of the six meteorological stations. Description
of river included cross-sectionel areas and water surface areas
between two cross-sections. Each calculation started with a defi-
nite initial water teu{aratura ty at cross-section 0O Kingston.
Results of the calculations are presented as graphs made on a
plotter connected to the computor. They include temperature curve,
cumulative time curve, air temperature curve obtained from inter-
polation, and discharge curve.
8. COMPARISON OF CALCULATED AND OBSERVED WATER TEMPERATURES,

In order to check the method developed for calculation of wa=-
:er t‘e-parnt tttlrea. s:veral nonpmnon: Mtn:nt:eugred a:dtgﬂsu-

r te a 8 we . o em for a de e

p:md?oz tin:p gﬂ g:antofiﬁgg.l. y were carried o'!t. for
discharge 210 000 cfs, heat transfer coefficient 95 BTU/ft“ day °F
definite initial water temperatures, and air temperatures taken
from the records. The first two periods 11-27 Dec. 1964 and 1-17
Nov, 1965 gave very good agreement. This agreement for the period
1-17 Dec.1963 was not good. During that time temperatures of the
air were well below normal which resulted in rapid ice formation,
This rednces water surface exposed to heat transfer and also re-
leases heat of fusion thus reducing cooling process. These factors
were not taken into account during the calculation of heat trans-
fer coefficient, Reduction of the coefficient to the value of 75
gave already more close results with observed water temperatures.

From these comparisons it may be concluded that the value of
the coefficient 95 will give correct water temperatures before
freeze-up., However when ice begins to form, discrepancies between
calculated and measured values may be expected.

9 METHODS FOR IMPROVING THERMAL CONDITIONS IN THE RIVER.
or al co ons ver

me

were taken into account in this study. ,

1.Partly regimented channel. Confining river channel to a smaller
cross-section has two results:(a)decrease of water surface area
reduces heat losses: (b) increase of flow velocities reduces the
time during which a water particle travelling along the river is
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exposed to heat losses. The channel will be restricted omly in
reac!zea) where it is feasible from engineering poit of wiew.
oF
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Fig.4 Comparison between calculated and measured water
temperatures.
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2.Increase of river discharge. It results in higher flow veloci-
ties, thus(assuming that surface areas and cross-sections re-—
main unchanged reducing the time of travel and hence heat loss.
At the same time, initial heat 1input becomes larger. N

3.Heat addition from thermal or nuclear power plants. At preseint
in fossil fuel thermal power plant about 60% of the generated
heat is rejected with cooling water[ZJ. For nuclear power plant
this efficiency is even lower. For discharge of 210 000 cfs the
increase of temperature of 19F assuming thorough mixing is an
equiwalent to a poyer station of the capacity of 7250 MW. Thus
6 fncreaments of 1°F give thg total installed capacity of 43 500
MW, while 5 increaments of 1 F will result in capacity of 36 260.

Results of some investigated cases are presented in Fig. 5,6,7.

(OF) - 2, g
44 H=95BTY/ftday °F

t. ‘ T T T T T T }
42’YT — ‘ R ,l, __J._ - = — — —
40 At - | . | i |

T T

38 — ! * =T
36—\ : 1 — ]
34— e -+
321 l 0 106 140 ‘

ta=24°F Li70 000cfs 210000 cfs Lno 000 cfs 300 000cFs tg=24°F
o

F =90°
ty (4 Z)| H=958Tu/Ft'day"F  tq=20 TF PARTLY RESIMENTED CHANNEL

40 | 1 I ] |
1o ] 210 0po ofs N ’__

| s — — 250 00D cf's | o
3; i . s | megoocts| | i{
32 LVATURAL'CONDITions] < —— '
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FPig. 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.

1.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

regimented channel

2.The heat transfer coefficient calculated on the basis of ave~-
rage meteorclogical conditions represents the cooling process
qulte accurately for the pericd before freeze-up. This was con=-
firmed by comparisons of measured and calculated water tempera-
tures. In case of ice formation the value of heat transfer
coefficient should be reduced.

3.Three methods for improving thermal conditions were considered.
Increase of natural river discharge, and partly regimented cha-
nnel may be applied for theoperiod when water temperatures in
Kingston are still aboyt 42°F and air temperatures do mnot drop
significantly below 32°F. With lower air and water temperatures
this method will not be sufficiently effective.

Waste heat addition from power stations can provide an ice-
free navication channel over the whole winter. Total power ca-
pacity requirement 1s about 45 000 MW which may be installed in
12,10 or 6 stations along the river.Regimented channel combined
with waste heat addition gives very good results,
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ABSTRACT

The conditions under which a floating fragment of ice is either entrained
under the upstream edge of a downstream ice cover or accumulated upstream are
examined in detail. The effects of the geometry of the leading edge and of the
arriving fragments on the critical Froude number for entrainment are deter-
mined and provide criteria for modelling 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 the thickness-length ratio of
the blocks and the specific gravity. Combination of an equilibrium moment
anz!ysis with hydrodynarmic relations enables explicit determination of the
effects of t/L and t/H (t = thickness, H = flow depth, L = block Iength) on
the critical Froude number (F¢ = V/[gt(l—p'/p)]l/z) for entrainment. Analyv-
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 deaigm
structures to control ice movement. Understanding of the interactioms
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
in the avoidance of ice problems. Herein the processes of entrainment and
accumulation of floating ice fragments at an obstruction near the surface of
the flow are examined and interpreted. The basic problem considered is the
process of initial entrainment of a single ice fragmemnt arriving from
upstream.

Behavior of Individual Blocks

We examine first the behavior of am individual block which strikes an
obstruction near the surface (see Figure l). Two modes of entrainment, or
submergence, have been identified in the laboratory and a third 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
underturning and either passing downstream or stacking in an inclined
position to form a thicker cover. Finally, the block may ride up over the
obstruction,

777777 77777777777

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 conditiom, i.e., that entrainment
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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

— = = 2 (1)
Let1-p' /021"

Michel (1971) also introduces a lift coefficient applied to the pressure
reduction term which is depemndent upon the form of the floe, and separately
considers the porosity of the floe although the basis for the former is not
clear and the latter may easily be included when calculating the floe
density p'.

Most floes submerge by underturming, 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 amalytically by introducing a
multiplier K on the right-hand-side of equation (l). Pariset and Hausser
presented the stability criterion in terms of the average velocity under
the block (Vu) in the form (see Figure 1),

v

u

—_— = K2 (2)
1/2 : /

[gt (-0 /o1

and evaluated K in laboratory and field tests as a function of L/t and L'b

(where 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

3)

Uzuner and Kennedy (1972), using a moment equilibrium method, inter-
preted the results of single block experiments for a wide range of t/H,
t/L, and p'/e ratios and empirically determined a moment coefficient pre-
sented as a function of p'/p and t/L. They found both short, thick (t’/L
>0.8) and long, thin (t/L <0.1) blocks to undergo vertical submergence while
blocks with intermediate t/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 analvsis
and also invoked the no-spill condition as the criterion for incipient insta-
bility. Underturning was found to occur when

v, 2(1- )
e )
'y 172
[ge(1-E-)] 2 i

t
[5-301- ) 1

The envelope of experimental results of Uzuner and Kennedy (1972) are
presented 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 O < t/H <0.5, and adequately accounts
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Figure 2 - Froude criterion based on block thickness

for the variation in p'/p over the experimental range 0.5 to 0.87. The data

exhibit some effect of t/L (see Ashton, 1973), particularly at higher values

of t/H. Within the limits of the scatter and the range of the data, equation
(4) appears to provide a sound basis for design of models using materials of
.different densities to simulate the ice.

The same results may be presented in terms of a Froude number based on
flow depth, again with a densimetric sca}lng parameter, by multiplying the
left hand side of equation (4) by (t/H)! 2" The corresponding plot of
results is presented in Figure 3. For comparison the analytical result of
Pariset and Hausser (1961) with K = 1 is also presented. Pariset and Hausser
recognized the fact that K may be different than 1.0 but implied that K is
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more a function of t/L than t/H. The extensive data of Uzuner and Kennedy

suggest that K is not significantly affected by t/L, and in fact an empirical
K may be replaced by the analytical prediction embodied im equation (4). 1In
particular, comparison of equation (4) with equation (2) provides a means of

evaluating the dependence of K on t/H, i.e.,
1/2

B 2
£ 5.3 (1- 5] "

and K varies from 1.0 for t/H = 0 to 0.63 at t/H —» 1.0.

Equation (4) does not explain the observations of Pariset and Hausser
(1961) of X values as high as 1,3 and similar values have been reported and
observed by others (D. Foulds, personal communicatiom), particularly for
blocks with small t/L., It is also noted that there has been little experi-
mental evidence presented for blocks with t/L — 0.

In an effort to fill this gap in the existing data sets a series of
rectangular blocks of small t/L ratio (< 0.1) were tested in a flume to
determine if the existing relations for predicting underturning were valid
for very small t/L and very small t/H, The blocks were of two thicknesses,
with p'/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 between the
two procedures. The results of these preliminary tests are presented in
Figure 2 and Figure 3, Detailed examination of the data (see Table 1) shows
a tendency for increasing K with decreasing t/L for the blocks which were
1.9 cm 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 Enviromments.
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TABLE 1

t ' t t Ve
(em) P H L ' 172 K Rx
lee(1-Eol

1.9 0.57 0.052 0.122 1.19 0.89 0.93
u u " 0.083 1.25 0.93 L

" o 0.060 0.106 1.17 0.88 0.85
" . " 0.053 1.14 0.86 o

o s o 0.040 1.17 0.88 "
" " W 0.032 1.15 0.86 w
b " “ 0.026 1.17 0.88 "
o u fe 0.021 1.17 0.88 "
5 " 0.031 0.106 0.95 0.69 0.92
" " " 0.053 0.99 0.72 &

" " 2 0.040 1.08 0.79 e
s " 1 0.032 1.11 0.81 .

" " 1 0.026 1.13 0.82 i

o e " 0.021 1.29 0.94 i
0.67 0.56 0.027 0.045 1.69 1.23 0.93
: 0.060 " 0.029 1.65 1.20 “
" 0.64 i 0.022 1.70 1.23 #

* Defined by equation (2) E

**Predicted by equation (5)
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ABSTRACT

The paper deals with the conditions of raticnal use cf .
spent water from industrial enterprises for prolonsing navi-
gation on inland waterways, as well as with the methods of
thermal calculations, necessitated when designing these
measures.

SOMMAIRE

Dans le rapport on examine les conditions de 1l'usage ra-
tionnel d'eau détendue des entreprises industrielles pour
la navigation prolongée sur les voies d'eau intérieures,
aussi qu'une méthode des calculs thermiques qui sont néces-
saires au projet de ces mesures.
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Nowadays the problem of prolonging navigation draws at-
tention of experts in many countries of the world. It should
ve 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 cross-~
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 cahals are rather limited
-a8 the ship route ig strictly fixed and repeated ship passage
causes such a cansiderable increase of ice cover thickness
that even an ice breaker is unable tc overcome it. The sugges—
tion to draw away ice beyond the verges of navigable route,
when water course section is restrictéd, also proved non-per—
spective due to limited capacities for loose ice. In addition,
under rather low temperatures, 1t may cause intensive frazili-
zation on the open surface of water body, that complicates
navigatien conditions still more. The experiments carried out
showed that even in reservoirs, 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
stations requiring cooling ponds (which successfully might be
navigable rivers, reservoirs 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 comes danger of so called heat pellutien
.affecting negatively the flora and fauna of a water body,
Besides, effect for navigation, especially an water storage
basins appears to be rather negligible owing te restricted vo-
lume ¢f the lane, maintained de-=iced.
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The problem may be solved provided the coocled water is fed
into a water line of limited dimensions. Then 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 restricted open surface. In warm sea-
sons, wnen mu.h greater water are;.is required to cool water
at the same extent, there may be no restricticns and warm wa-
ter will spread all over the water body. As, at that period
the temperature of water in a water body doesn't greately dif-
fer from that of water discharged by power plants, the heat
pollution effscts will be considerably less.

The task, thus, is to find such constructive solution,
ahich would meet the requirements, stated above.

We think rather prospective to protect the ship coureeoy
a synthetic film which may be either lowered throughout the
whole water bedy depth as for instance in a channel (fig. 1a)
or this film will comprise only a part of its water section
which is expedient in rivers and especially in water storage
basins (fig. 10).

1. warm water

2. 1ice

3. f£ilm of gynthetic raterials
4, deiced navigable channel

5. aacher

Pig. 1a

N 2 o
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1. warm water

2. ice
3, film of synthetic materials 5. anchor
4. deiced navigable channel 6. rope of synthetic

Fig. 1b materials.

The buoyancy of the device will be provided by air pipelines
formed of the same film aad placed at the surface. To protect the
air pipelines from the damage caused by ships and ice, they may
be provided with additional protective cover. Water supply from
termal or atomic stations is carried out along the arm connected
from below to the film 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
water cooling under winter temperatures. In summer successively
discharging air from pipe sections beginning with those placed
downstream, it is possible to increase the cooled water area and,
thus, to provide all the necessary conditions for the cooling of
discharged water.

The same means may be used for concentrating water discharged
by hydro~power stations within the section of water course limi-
ted in width and for creating thus below hydro-power station, not
wide but long lane necessary for navigation.

For steady motion with variable value of heat transfer from
surface, stipulated by flow temperature change, considering
meteorological conditions, flow depth and width as well as the

incoming discharge being constant, we can obtaln the following
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approximate dependency [I]te define distance X , at which
tempersture will change from its initial value To te final one
T , i.e. the distance which should be betwee the staticns:
cT R b MTo + N
M Mt + N
where Q - flow discharge
T = specific weight ef water
¢ = heat capacity
The values of coefficients M and N may be written as
fellows:

X = (1)

M= kB -2hk,+ Bk,
N = Kkt B-EB+2hk,8+Bk,8

where K = coefficient depending on temperature in the
hegt transfer formula,

- coefficient not depending en temperature in

the heat transfer fermular,

air temperature,

;-0=£+' rm
I 1

= width of warm water,

the depth of stream,

K; = ceefficient of the total heat transfer from
the water of flow to the water of a water
body through the film,

K, - coefficient of the total heat transfer frem
the water of flew to the water body bottom,

g - temperature of water body considered unchan-
gable,

Q’- temperature for water bedy considered unchan-

gable.

For condensation power station of 1 mln. kwt capacity,
assuming T,=30°C, T=20°C, Q=60m> ek, t4=-15°C,
B=30m, h=50m, 6=0,2°-0",

we obtain that distance X between the stations is equal to 100~



-120 km that makes the supposed solution of the problem quite
practicable.

%hen to maintain the channel de~iced, water flowing into
the lower pool of a hydro-power station (the temperature of
which may vary with the time) is used to calculate average in
gection temperature of plane flow, the following heat balance
equation [2] is used:

T 0T - ()
dx +-_—7; - Ao(1*+'BO) )
where t - time,
AQ and Bo - coefficients,
Y° = flow velacity,

General solution of equatioen (2) is as follows:

A, x
- X
T—[(Eajo( ‘T)+Bo] e ¥ ~ B . 3)
where 770 - water temperature in initial range when

time equals O, )
arbitrary function of time,
distance from initial range to the sec-

f(t)

o &

tion considered.

Coefficient

K. _E-9
Agpr 3 Bem
where q“? - heat transfer of the ground.
The analysis of dependencies given ahows that when heating
water in the initial range, water temperature in the channel
downstream always decreases. 7hen cooling water in the initial

range, the character of temperature distribution all over the
channel length is defined by the intensity of this cooling and
by the value of heat transfer from unlimited surface. Depen-
ding on the correlatioen of the factors stated, water tempera-
ture along the flow can either increase or decrease.
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ABSTRACT

This paper describes a hydraulic model of the river

debacle process including a decrease in the ice cover strengti

and an increment in water rates during spring meltinge.

The model permits to compute (and predict) the devacle
time from the relationship of melting ice cover thickness and
strength to the drawing force of a stream which is characte-

rized by the bydraulic-morphometric parametvers of a river reach.

SOMMAIRE

Le rapport décrit le modéle hydrauligue du d&blcle des

fleuves qui tient compte la diminution de la solidité de la

couverture de glace et l'accroissement des d&bits pendant la

période de la fonte printanidre,

Le modéle permet de calculer (et prévoir) le temps du
d&b8cle d'aprés la relation de l'&paisseur et de la solidité
de la couverture de glace en fusion avec la force entrainant
du cours d'eau qui est caract&risfe par les paramdtres hydrau-

liques et morphométrigues du tronson d'une fleuve.
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The 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

gh<f(N) 1))
In this condition @ - relative destructive stress
equal to 67430 where & =~ destructive stress for melting ice

cover, 6, - the same for ice cover at 0° not subjected to
melting; h - ice cover depth, N - water friction force at
the ice cover lower surface.

Ihe product C?h 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

ooy, 4
Eh
Considering that & - the ice cover width for a given
river prior to debacle remains practically constant, while
G =yGy, the following may be written

_ N _
@h—g%_aN

where Q - some coefficient, only slightly variable for a
particular river reach.

By the debacle moment this expression is coaverted
into.condition (1). This expression can also be reached by
considering the work of ice cover for bendizng 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 ¢}1 is computed
from the meteorological data. The computation technigue is
described in /1, 2/.

At present the direct determination of the friction
force 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 debacle zmo-
ment and other parameters determining the force N . Inerefore,
in practical computations the friction force is assumed wo De
an approximated function of the water level height ( H ) or

its elevation (&aH ) over a certain horizon (for exampl.e, over
the maximum winter level or mimimum pre-flood level).

Then condition (1) will be written in the following
way

¢h< {(H,aH) )

Having at hand a series of observed water level vziues
for many years at the time of debacle and having computed the
values of ¢h for the same series at the time of melting,

it is of no difficulty to obtain an empirical relationship
(2)s And as an argument it will suffice to assume one of the
values, i.8. H or aH .

Fig.1l shows relationship (2) for the North Dvina river
near the village of Abramkovo. J[he water level rise aHm

over the meximum winter level was assumed as an arguzent.

A4 ?PI 7 66k\<::

12

|
|

]
100 200 300 4Loo 500 AHM
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In the diagram dots were plotted which correspond to the day

of debacle (black dots) and to the day on the eve of debacle
(lizht dots). The curve was drawn with an intention that the
liza% dots should fall to the left of it and the black ones -

to tne right. The relationship is approximated by the condition.

qhsl,z-vo,e(d,'::)z, (3) .

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 inferred 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 ig determining the debacle day does not
exceed the limits of = 2 days, and in 85 percent it is well
within = 1 day.

All the empirical relationships obtained are approxima-
ved with a quadratic parabola and have a structure similar to
(3)s 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
torce N  tarough the rate of discharge (@) and other para-
meters which could be determined.

Snezy is known to have teken the bed resistance as pro-
portional to the average stream velocity squared, i.c.

z

Bo oy L 4

r‘E c? ()

In this equation T, - resistance per unit area of
noistened bed surface, ¥ - water density, E - resistance

coefficient depending on the bed roughness, on the size and
shape of an effective cross-section equal to 1/02, where C -
Shezy coefficient; U - mean flow speed. .

If the bed resistance and ice cover coefficients are
assumed to be equal, then the resistance of ice cover with
width b, over length £ will be

2
N:'CogJ:K"cU;ngE d (5

Length € over which force N 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 flow
speed with a ratio of water discharge to the cross—section area,
i.e. to the product of the bed width ( bp ) by the mean depth
( Nep ),  Integrating all the constants into one value "A" wa
will obtain.

N=A —12;——
= 6
3 hﬁp (e)

From equation (6) it is posBsible to omit values ) , Nep

and € for a particular river reach, if their relation to Q
is determined.

Thus, for a reach of the QOka river near the town of
Rashira the relationships hep=$(@) and &=§(@) turned

out to be linear, within the limits of the water discharge
during debacle over many years.

Let us consider the relationship Cr:}(@)

To determine this relationship a series of values of
coefficient C was computed according to the Shezy formula on
the basis of the measured values of U, L and he . It was
assumed meanwhile that roughness coefficients of the lower ice
surface are close to those of the bed surface and hydraulic
inclinations under the ice cover with equal filling of the bed
are proportional to inclinations in an open bed.

The computed values of coefficients € also turned
out to be linearly related to water rates & .

Thus, the debacle condition assumes the form
2
yh<4(@) (7)

However, this condition holds good only when 6.=5p
But the ice cover width is seldom equal to the bed width
because debacle as a rule takes place when the level is rising,
i1.8. under the conditions when the ice cover is separated from
the banks by ever expanding flanges. Therefore it is worth-
while to introduce the ratio §, /8, into (7).

For the (Oka river near the town of Kashira the debacle
condition is approximated in the following ways:

A 2 -
<,ch&2-‘-50(|——2—’,)(1;:10G (8)

This relationship is of high accuracy: among 30 test computa-
tions (ie.e. for a 30-year series) in i6 cases (53%) the compu-—
tational eryor ie equal to 0, in 26 cases (87%) the error does
not exceed = 1 day, and in all 30 cases (10C%) it does not
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go peyond the limits of £ 2 days. The rii3 error is about 1 day,
l.6. it corzesponds to the conventional accuracy in debacle
date determination at the gauging stations.

nelationship (8) has been tested within the following
cangce of factor variations: 3<¢h<38; 200<Q<2200; 0,40< B./8p<0,90

t 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 inaicates that even
at Q=0 , debacle will take pnlace when the ice cover strength
is characterized by the product wh and not equal to zero.

It was assumed above that the only force causing ice
cover destruction, is the water friction force (N ), But there
is aiso a force of wind friction against the ice cover upper
surface (N' ), [his Tforce is small, on an average it is 10
times less than the water friction force /3/, but if the flow
speed during debacle is small, the wvalue ¥N alsc reaches mini-
sum guantities (ice is melting on the spot), therefore the wind
eiffect, i.e. the N' force, becomes appreciable, and that effect
is (roughly) described by the free term.

Condition (8) is not universal, i.e. it is inapplicable
to every river, but it fairly well describes the physical aspect
cf the debacle process. For this condition %o become universal
it is necessary to study the relationship betwsen the numerical
coerfficients involved in it and the morphometric parameters of
the river,
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Introduction

The appearance of ice in rivers creates extraordinary end
complicated flow conditions. Experience has 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 menner, attempts are made at the complex develop~
ment of surface waters. Reservoirs are built in growing numbers,
rivers are canalized, power generation end navigation are pro-
moted. Inland navigation on the continental waterways 1is being
developed at an increased rate, since this fits well into complex
water projects.

Humdn interference into the natural life of rivers is likely
to result in new conditions in & number of respects,but especial-
ly in the lce regime. It is generally recognized that hydrologi-
cal conditions in ice covered rivers are insufficiently under-
stood even 1in their naturel state. The ice phenomena over cenal-
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 technologlical development it must be admitted that
our knowledge on the effects of ice is inadequate, or at least
less then could be.

With these in mind the following subjects will be consider-
ad in the present brief paper:
- natural watercourses and ice,

- ice conditions over canalized river sections end 1in the
vicinity of hydrotechnical structures on them, finally

- the means of ice breaking, operating experiences.

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 et the end of the lecture.

Ice conditions in rivers ere influenced by four mejor fac~
tors, namely meteorology, hydrology, morphology and the geograph=
ical location. The origine and melting of ice are =& process of
thermal household, controlled by weather, the hydraulic-thermal
conditions and morphology of the fluid space.

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 salong the
length of the river, rather then by the mean sub-freezing temper-
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ature.

Thus e.g. on the Danube the spring flood coincides with cold
alr 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 ard
travel of ice. Freezing starts 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 with 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 i1ce formation is less ready to start, since the
majority of sediment particles has settled under an earlier ice
cover and thus the nuclel 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 end re-
tarding ice travel are as follows: shallow, deteriorated fords,
sand bars, low depths, greast surface widths, sharp and overdevel=-
oped bends. Icg floes tend to become arrested and jemmed 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 1liable 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 often cause disastrous ice
floods.

Winter ice conditions on rivers can be 1mproved 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 1ittle research remaining to be done
in this respect.

Differences in meteorologieél conditions may, however,cause

3 Kozdk



wide differences in ice conditions on rivers. Identical curva-
ture- and depth conditions may prove adequate under tropical cli-
maetes but may be wholly inadequate e.g. in the northern hemi-
sphere under cold climates.

The principles of river regulation are thus in need of fur-
ther development with allowance for meteorological conditions.Ad=~
ditional observation data on ice phenomena are belleved 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. This is ewmphasised also in the paper B8,
reporting on river regulation experiences performed in the inter-
egt of averting ice damages. The river regulation measures proved
successful and even the period of development of the new channel
could be predicted.

‘It has been observed with interest that on & number of natu-
ral rivers in their original condition ice Jams have never caused
floods. True, these rivers are in dynemic equilibrium (The Drédva
and Réba Rivers). The safe, rapid passage of ice carrying floods
can be promoted effectively by clearing the flood bed. PFor the
unobstructed passage of lce 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 embenkments and bridge spans, further of the shape
of the flood bed in the development of ice jams.

It is generally concluded that in the case of uncenalized
rivers the pessage 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
these favour the formetion 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, Bl3
and Bl6.

2, Ice conditions and navigation on canalized rivers

The canalization of rivers, i.e. the construction of & sequ-
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 Te-
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 then under
natural conditions, resulting in poorer navigation conditions;

- the thermal household in the stored water volume 1is dimproved,
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 peek 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 dem increased during the three win-
ter months by At = 1.7 Centigrades (Paper B4).

Ice conditions in the tailwater depend elso 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 hydresulic 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 1is 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 km;

- the influence of water temperature on the length of the ice
free reach in the tailwater is 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 4 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 mogst effectively by incressing the
peek discharge end 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 plant to power
plant under variable meteorologicel conditions.

Numerous efforts have slready been made to study the changes
in flow- and operating conditions caused by ice. Several investi-
gators have concluded that simlilarity is impossible +to ensure in
numerous respects. The main reason for this is that river models
are usually distorted end consequently it is especially the sur-
face flow patternm and the centrifugal forces which are distorted
in the model. Nevertheless, the efforts for studying ice phenom=-
ena in models are expected to bring interesting results. The pa-
pers on related topics are B2, B4, B8, B9, Bl0O and Bl2.

3. Ice= and flow conditions dn the vicinity of siruciures

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 and their appurtenant equipment and instal-
lations. The estimation of the effects of low winter temperatures
is often very difficult, which mekes 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 overfalling ice floes, namely the teil-
water apron and downstreem channel are exposed to this erosion.
The structure of the weir and the tailwater apron must be -dimen-
sioned for these sirong 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 winter nav-
igation.

It is 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 then for the momentary op-
eration of the structure.

At fixed steel- and r.c. structures the common end 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) heve also demonstrated the freez-
ing-retarding effect of aeration in the fluid space. Field obser-
vations are clalmed to support essentlally the theoretical con-
clusions (c.f. table 1 in Bl). It would be interesting to I¥mow
how the author succeeded in ensuring similarity for the rising
alr bubbles.
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The topic B3 is likely to commaend general interest, gince it
deals with freezing of water on steel structures having a large
surface and exposed alternatingly to cold air and water.The study
ig based on reliable theoretical and experimental foundation.
Hoists and movable structures are often exposed to the effect of
ice freezing on them. It i1 essentiel to take such circumstances
into consideration and to make adequate provisions for such con-
tingenciese.

As a consequence of surface ice, and especially of a solid
ice cover, open channel flow-is transformed into closed conduit
flow. The underside of the ice floes at the surface may display
ridges, by which friction head losses and turbulence are rapidly
increased and velocity distribution is changed. Where such flow
1s 8till 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
pergists for long periodse.

The author of paper B10 made an apparently successful attempt
on the basis of laboratory experiments at estimating scouring
around structures, under the ice cover. Flg.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-
vergions and intake structures. As remedlal measures the methods
which have already proved succegsful can be suggested, includi
the reduction of the number of crystallization nuclei (sedimen¥§
and promotion of the development of the surface ice cover (Bll).

There is empirical evidence (B4) showing that the water
issuing under gate leafs was warmer by A t = 1.2 Centigrades than
the water discharged by the turbines. In the interest of naviga-
tion, water should be withdrawn from the deepest possible layer.

Unfortunately 1little experience is available on the winter
operation conditions of ship locks, ship 1ifts and navigable ca-
nalse It would be very interesting to hear such reports from the
contributors. The relevant papers are B2, B3, B4, BS5, B9, B1lO and
Bll.

4. Ice breaking and its strategy on rivers

Adverse meteorological and hydrological conditions may occur
on rivers with poor morphology 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 g manner adverse to ice travel
along the river course.

In such cases artificial interferences into the process of

ice running are necessary to prevent, or minimize the distaster
gituation. The objective thereof i1s to promote and accelerate ice
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travel at 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 break-
ing, blasting, hydraulic esnd thermal methods, etc.

Ice breaking by means of gpecial vessels is widespread prac-
tice and is applied successfully. Ice breaker vessels are built
in a number of types and designs (B6, B13, Bl4). The purposes are
menifold, 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, keeping
ice free surfaces in the vicinity of structures, accelerating
breakup and travel at times of melting. The experiences gained
with ice breaker vessels in both Hungary and abroad are favour=-
able (B6, Bl3).

The new type of self-propelled ice cutting machine which op-
erates on the ice surface as described in paper Bl4 geems 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 appears to be especially
useful under climates with exptended cold spells. The machine is
capable of cutting & round 200 m long, 5 cm wide cut per hour in
a round 1.5 m thick ice cover. Applicestions and the main features
of the technology are described in Bl4.

Ice blasting cen be practiced at a safe distance from struc-
tures only. The primary application of explosives in the removal
of jams, where ice breakers prove ineffective. The fundamental
prerequisites for successful blasting are progress upstream, ade-
quate depth (current line) for removing the scattered ice masses,
sufficient explosives and the rapid mounting thereof, etc.

Local ice formation cen be delayed, or minimized and ice can
be removed effectively by hydraulic-, 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 thickness on the St.Lawrence river by pumping a greester dis-
charge from the relatively warmer Lake Ontario.

According to one solution of the thermal method, the effect
of solar rediation is enhenced by lending the ice & derker colour
(using soot, or pulverized cosl) and weakening thus the cover.The
uge 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. Conclusions

It is intended to mention briefly the following topics in
the conclusions: the approach based on sound theoretical and
practical foundations proved successful +thus far, problems and
future research trends, further the prognostic approach.

The e x t ernal factors controlling winter navigation
conditions on natural watercourses are clearly understood. These
are meteorology, hydrology, morphology and the geographical situ-
ation.

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 reliability 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 end 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 conditlions 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 im ice
formation?

3. 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 avallable? In what direc-

tion 18 it considered desirable to extend observation and in-
troduce automatic methods?
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Is sufficient information available on the rheological, dura-
bility behaviour of saturated reinforced concrete structures
expogsed to freezing in winter?

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?

Are there still unexplored "secrets", fundemental phenomena

related to ice, the better understending end application of

which would effectively contribute to 1ice control efforts?

How "rough™ is the underside of the ice cover on a river? How
does it look? Has anybody & slide showing 1t?

How could discherge records be kept on a river flowing under a
solid ice cover?













Anti-icing pneumatic sv=.ems provide one of the affective means ensur-
ing a trouble-free oneration of hydraulic structures in winter. The operating
principle of these installations consists in supplying compressed air through
perforated pipes and individual nozzles intc the lower water layers of the
reservoir.

As air bubbles ascend to the reservoir surface, they entrain warm
bottom vater which spreads over and prevents ice [ormation. Continuous
currents of warm water provide a closed circulation loop.

In case of an insufficient amount of hear accuwnuiated in the reservoir
an artificial heating is effected through rel ing preheated or L= water.
oo again air is used to intensify the ascension of warm waer (o the surface.

The vater —urrents arouw .d a pneumatic installation can be consiaered
zilher as axisymmetrical or two-dimensional, dependinz on the installation
design., To determine the required air rate and the size of an ice-free water
E ce it is nece-zary to study the kinemafic and thermal regimes in the
vicinityx of an operating installation.

The co lexity 5f the kinematics of water fow calls for its schemabc
presentation. The results of lhe laboratory and the prototype investigations
carried out . the Leningrad Institule of Water Transport as well 2o other
data avallable znow that the entire circulation zone mav be zchematically
divided into tres recons: [ - the region of an ascendant flow; I - the region
of sproaciviy; and I - the region of a retum flow [ Fig., 1).

Fig,1., Scheme of currents in the active zone
of a pneumatic anti-icing installation

For each of the three regions analytical reladionships are obtained, per-
mitting to evaluate the velocity feld 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 water depth. These relations are given in author's paper presented
at the First Ice Symposium*.

* ML Zhidkikh “Calculation of flow veiocity in the operative zone of
pneumatic installations used for ice-fighting” -~ LAHR lce Symposium
Revykjavik, 1970.




The thermal and nydraulic regimes in the operative zone of a prieumatic
installation are closely corinected and afféct each other, the kirnematic= of the
flow oceing the governing factor. Therefore, the oroblem may be simplifiea by
considering the thermal regime irr 2ach individual region for a given hydraulic
regime.

Since the contribution of sach of these regions in the formation and
maintenance of an ice-ree water surface is different, the relevant caiculation
procedures are different too.

Let us first consider Region 0. Region Il is a certain accumulator of
neat the amount of which determines the possibility of keeping water suriace
free from ice, This region serves as a sowrce of heat for other circulation
regions.

Pneumatic instalictions will be most effective with a large amount of hea
available in the reservoir and the average tem:orature of waer in Region OI
practically independent of time and close to that of the bottom water laver
under natural conclitions, 7;_,7 = 7:1 . The calculation procedure given herein is
applicsble just to the abowe-specified conditions.

In Region | haat flow- from the bottom to the surface of the reservoir.
In other words, Reauion | may be conzidered as a 'heat conductor” whose
performance is the more afiective thz less is its nheat resistance. This region
cterized by 3 nearly compleie absence of temperature gradients across

) Tne aun of the zalcuation is the evaluation of the waler temperature
averaged cover volumg the approximate value being found from e heat balance
=quation:

T, =T, - 74_5“0)1_ : {3
- - w/; 7 ¥
Here QT and “)z are the discharge of water and the cross-section ares,
- roespectively, as obtained from hydraulic calcuwotions:
z8§ = the 'otal heat transfer (o the almosphere, as egimated
ov the well-known formuiae of AP, Bradavski, M. Budyko
2t Al

e and ]; are the =pecific heat capacity and the volume weight of
water, resmectively;

W_ is the velocity along the axis {the plane of symmetry)
of the upward flow;

4 1= the deptn of the reservoir.

The values of {, and w, will be:
for a two=dimensional flow

Gy= 025 W, A W= 042/4;
for an axisymmetrical flow

Q= 008 W, h* w,= 05447

n 11 is mainly responsible for the processes of ice melting and
snce with the atmosphere. Here it is essential to know the weter
temperature venatior _iong the fiow.

The heat baance egualion for steady-state thermal conditions in Region!!
will be written as

CH/;,C{\'/(;)_/'/' 7};’"4«/} ‘310!7*2551“}! =0, 2

Here Q»T and y); are the discharge of waler and the area of the open waer
- - surfiice o7 Region [ as obtained [rom hydraulic calculations;

Wm 13 the Low velocity at the ocoen water suriace.
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The values of Q; .and u) will be:

for a two- o
0—-022W /z(os4 +T) !
a!w—
ior an ansymmetncal flow
A7~ 018 W, he
Quwyg-27de.

Upon appropriate transformations of Eq.( 2) we obtain:
for a two-dimensional flow
d7; r 28 - JE—_/ .
* Z(Geeix) T VIR T 2006w D (3)

dz
for an axisymmetrical flow
a7, a @y a4a 25825
L+ T - 7 ﬁi— =
. - s 4
a2 1 Qyde 7 g, 0»«/.;01 (4)
For obtaining cadculation formulae it is necessary to integrate the above
equations considering that at the initial section we have T =T, - Solving

of Eg (3) and {4) vields the following expressions:
for a two-dimensional flow

. 2x - 01K )
N T e

.__Z8 A : (5)
2;26‘.'[;% ji'

[or an axisymmetric:] (Qow
7;[—=7717—/_‘3(e—1/,y//zr0,22—’,§—/ ; (&)

2928
7 /6’5'”];75

These equations express spacial mnahons in water temperature and
include the following basic factors: the ambient temperaturg the heat transfer
to the atmosphere, the velocity of the upward flow (and consequently, air
rate) and the reservoir depth. The calculations based on the investigation
results obtained in the Mezhdurechie harbour show a satisfactory agreement
between the calculated and experimental data.

The water temperature along the ice edge, 7 e ., is determined from
the K.l, Rossinski formula based on the condition that the heat loss from

the open water surface near the ice edge, XS , is compensated by the
heat inflow from the weter body, .S' , the surface temperature, 7;“,% 5
being equal to 0°C.
S»v:”t('re@e—rowv/)z (?2)
_where A is the heat-transfer coefficient;
o @ 0,097 Uppegn "/m2.C ;

Umeanis the mean longxtudmal flow velocity, m/day.
If the formulae obtained for the mean flow velocity ( Region II) are
substituted into the K., Rossinski relationship, then:
for a two-dimensional flow

mec Q42 W, V qu
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and for an axisymmetrical flow

- A
(‘mma O'Z“an 1.1k +2

then the expreséjons for the water temperature at the ice edge will be as
follows:

for a two-dimensional flow

_Z5 0.64 L +T
7;196—0.8314/,,,' n (e)

and for an axisymmetrical flow
T __ZS(hrz) . (9)
edge 0,43 W), A

The width of an open water surface formed in the ice cover due to the
operation of a pneumatic installaion can be determined through simultaneous
solution of two gpairs of equations, Ea. 5) and Eq.{8), Eq.6) and Eq.9).

For making practical calculations of an open water 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 above relationships it follows that for a given width of the
open water surtace the upward flow velocity along the axis (the plane of
Symmet!y) and consequently the air rate can be determined and, vice verss,
for a given air rate the width of the open weter surface and hence the required
spacing of pipes and nozzles can be found.

As seen from Table 1, calculation results faidy agree with experimental
data.

Table 1

Width ( diameter)

water of open water
Item Location of pneumatic AP temperatire surface, m
. . rate . near bottom
No installation m3/min * & Experi-
c Calculated merer)
Mezhdurechie harbour 0.008 0.46 2.5 3-5
Nlzhne - Svirskaya Hydro
Power Plant 0.010 0.50 0.9 0.5
Lembolovskoye Lake 0.006 2.0 10 5-7
4 Ust-Kamenogorskaya
Hydro Power Plant 0,064 0.5 *#) 3.5 3+)
5 Keokuk Dam on the .
Mississippi River 0.030 0.5 5.5 6

*) Alr rates reduced to normal pressure for Items 1-4 (a two-dimensional
flow) are given per one linear metre of piping and for ltem 5 {an ax-
symmetrical flow) per nozzle.

**) Prior to commissioning of the Bukhtarminskaya Hydro Power Plant
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a two-dimensioral flow
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£
e "Iron CGates® zone on ihe Sanube separaies the Carpath-
iznig of 4ihe Zelarn mouwnvains and is ex-ended from Sura TBLi
e e J43) to loldove Youk (Km.D.lokB). -
This sene presents some hydrologieal particularities,
Cwins <o this fzct one of the first refersnce gauges was
srt up on the Yznube sinee 1332 at Orgova, then in 135k at
Jrexcova, in 1274 at Baciag,in 1879 at Tr. Severin asd in 1283
at oldova Zound.
“roz the merphwlogic point of view, the zone as some
dizfined characters in colparison with the reet of the river,
snEsp #lopes. in the Erp.Z:943 zome 3 Zu%ji Tm.D. lods;
Tnelelooo 11ibes Tmel.le35.
zigdden varigtiorsa? the river red widthy
nar~iculanly in <he Jikolovat=ilibes zone (H=.0.1035-103G)
vaere Zrod 2ooo 1 it dimiriskes <o 320 0 end at the ensrance
irvo 4hue Jzzane .orpes {I8.2.974) where it diminishes from
1206 w3 1Zc o,
.Teet variation of the water depth which oscillases
s some sills [Tuti) a=d Zo o [Carzare).

T e =a foe L i 5 Re = Hagx

B2 W cterized Ty <he Zorgation
o2 laz-e guantl - surface, hotton
a4 par-ioulacly interior ice (#razil) corditioned, bty %z
e & temperature and the fenomena of advanced
¢ ice flow is olten associatad with the

zome agclozerations ard the river blocking j
ce egrrivirg froc the upstream course of the

astaly éue 4o “he ioce
viver arnd rom “he tritutaries, particularly f£roa 3avz, The
CZirsc tloelizs ig usually profuced a2t lazane, ard 2-3 days

e

~he hlocking im the Alibeg~Sikolovat area is produced.

<22 vene ihe Irost ocours also very seldom - 2 times witnin

© %he period 1300 = 1232 = and in thekbapids and underfluvial
cliifs sector : . fa~lalen = ip has never frozen; in ithis

legt sector the Zlow is so repid and turtulexnt taat thae Iloa-

Triteanu et al.




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 Drencova and Svinita
(Xm.lol5 -995) with the series of channels cut in rocky sills:
Cozla~Doica, Islaz~Tahtalia, Svinita doesn't usually freeze,
and only in some very severe winters, the ice scheet from
Cazane (km 974) is developing toward upstream

with a frequency which doesn't exceed 13 % - comprising
partly also this area of rapids.

- In the alibeg=-Sikolovat sector (Km,1035-1039)

and Cazane euntrance (Km 974) where the river bed has strong
throttlings, the conditions of ice flow and ice sheet formation
are so favourable that the probability ef ice occuring in the
sector is of 65 % , differing slightly from the probability
of ice occuring‘in the whole_sector which is of 75 % ; 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 increases sensibly, the maximum limit reaching 78 days in
1953/54, Other factors which favoured the ice blocking in
Cazane or Alibeg are the following ; low alr and water tempera

tures (under - 100) and (under 0.20) respectively, downstreamn
wind, ice floes on about 5o % of the river width and usualy at
lowering levels.

The blocking produced at Cazane or Alibeg doesn®t mentain
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 ; the ice dam thickness 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 perturbationg due to the lce dams
occur in the thaw period January - March, when the river
discharges may vary between 2000 and 13000 m3/s 3 the thaw
starts in the upper catchment area and particulaily on the
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tributaries : Sava, Tisa sometimes Morava ; the high waters
coming from upstream press the ice sheet from Alibeg partly
weakened by the air temperature rise and produce its swelling
and finally the ice sheet is detached from the banks and
crushed. Afterwards the entrained ice floes reach Cazane in
less than 24 hours after being previously crushed in the
Stenka-Doica, Islaz, Svinita, Tuti falls. If the winter was
not too severe the Cazane ice dam — under the pressure of the
flood wave yields easily enough, 1 ~ 2 days after the star~-
ting of the Alibeg one ; in the severe and long winters the
Cazane ice dam break is much delayed = about 3 = 5 days after
the upstream one -~ and the water level behind the ice dam
rises considerably causing large floodings, within this
interval the loe floes resulted from the upstream ice dam are
pu shed by the stream either under the Cazane ice dam or over
it forming bigger and bigger ice agglomerations, and sometimes
the whole mass of the ice dam is 1lifted upward without
detaching it from the banks ; the ssizes reached by the ice dam
are impressive :

~ in llarch 1954 the overlaped ice had reached at the
Cazane ice dam 12 w over the water level, its depth being
impossible to be investigated,

- after the observations made in 1963 the ice dam
in Cazane 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 ice
dam in 1941 = 42 the Tormation of which had begun at high
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enough levels of the Danube ( = 248 m at Orgova staff );§

in the thaw period (February 28-1942), a high flood brought
by Sava river, being not able to flow under the Cazane ice
dam hes flooded the ice dam, lifted it and after 8 days has
passed beyond the banks depositing 8 m high ice piles ; in the
upstream area of the ice dam the water level has exeeeded by
5=6 m the highest levels known without ice.

2. [lodificgtions of the ice regime after the Danube
damming

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 consi-
derably reduced, and the main zone which presented remarkable
particularities with regard to the ice formation and flow
remain in the reservoir depth ; thus over the Cazane gorges
the water depth increases by over 20 m, and over the Cozla-
Doica, Islaz-Tahtalia, Svini{a falls a still water mass over
lo m thick is lain, eliminating all the conditions of ice
formation in the interior and on the bottom ; at Alibeg the
water mase thickness increases by about 8 m.

The reservoir levels are controlled by handling the
gates on the spillway after a settled programme, in order to
avoid Yo exceed the elevation 68 m ASL at Nera Km.D lo75, 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 Tuti Sip
km. km,998) (km,945)
regime natural dammed natural dammed natural dammed
Stream velocity ’
w/s
Q = 2000 mc/s > 3 n/s 3,1 m/s 4 m/s
3500 mc/s >3 m/s under 2 m/s 441 m/s under
5000 mec/s 3,3 m/s 0,5 m/s n 0,445 m/s 4,2 w/s 0,2 w/s
8000 mc/s 4,3 m/s " 4,6 m/s
1mum vel citles 4,8 m/s 0,7 m/s 3 1 o/s 5 m/s - 0,3 n/s
t average 2,4 wo ,30 ~NoO 3407 wvo
Slopes maxlmum 448

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 favourahle for the ice flow with the possible
blocking as ice dars,

Synthetizing the data from the 3 key stations in the sector
Turnu Severin, Orgova, Drencova, within the period 19c0 -~ 1961
Eee the Pig. below).
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it results that from the observation made during 61 years in 47
years the ice was present : if during the years with average
characteristios the ice appears by the beginning of dJanuary
and ends by 15 = 20 of February, there were very severe
winters when the ice appeared at December 7 (as in 1902 and
1925), and the latest date when the ice floes passed the
seoction was March 25 (in 1929 and 1940) ; the ice dam has
occured theearliest at December 16 (1902) and has lasgted, the
latest, until March 18 (in 1954),

The maximum duration of the ice flow was recorded
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 discharges not exceeding 7 = 8ooo m3/s
but the maximum frequency of the ice flow is correlated with
3200 ~ 3500 m3/s discharges ; similarly the ice sheet is
seldom formed at discharges exceeding Sooo m3/s the most
frequently occuring at 18oo = 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 gigni-
ficant influence on the climatic conditions. The corering
of the relatively still surface of the reservoir with an glmost
uniform ice layer requires a more reduced "frost quantity" ,
gso that it will cccur more often than in undeveloped condi-
tions, being able to reach a probable frequency of Bo %, the
ice sheet beginning and ending date will be unfavourably
modifiefl, increasing the whole duration in comparison with the

natural sityation. _
A particular influence on the ice sheet in the neigh-

bouring zcnes of the dam and especially on the ice sheet part
in Cazane gorges, will likely exe t the large variaticn of the
reservoir levels caused by the spring floods. At about 4ooo m3/s
increases ofthe 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 velooities
are modified in large limits ; as a result, favourable con-
ditions appear for the ice agglomeration and ice dam formation,

Based on tﬁe two years observations sinoe the commissio=
ning of the Iron Gates hydroelectrio and navigation system
(1971=1973) when the winters were mild, only some gualitative
conclusions may be drawnwhich in a considerable part corroborate
the studies and consideration made concerning the ice regime
modifications (tests on models, information from other power
stations, etce ).

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 Ceazane 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 cordi-—
tions the sector in the downstream part of the dam site doesn't
freeze because of the stream velocities sill high enough ; in
the very severe winters the lce sheet formed at Gruia Km. 851
was extended towards upstream reaéhing up to Turnu Severin,

The river works carried out in the power station 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
8o km downstream of the site ; the veloclties and slopes in
unstready motion are higher than in natural regime without
influencing the navigation conditions,

The main in luence on the winter phenomena in the tail-
water 1s exerted by the downstream delivery of some water quanti-
ties with positive temperature from the depth of the reservoir;
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it 1s estimated - on the bases of the data from other develop-—
ments presenting similitude concerning the tailwater - that on
a 40 - 50 EKm lenght of the tallwater the river will not freeze,
As a matter of faot during the first operation years no frost
phenomena were recorded in the downstream zome of the dam com~
prised between Km D 942 and 851,

The nditio of the new ice re e _reflected in

the studies and designs carried out for the_ Iron
Gates hydroelectric and navigation system

The assurance of the exploitation in. winter conditions
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 staté 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
gpillway, 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 repeated in the future, the ice discharging over
the dam being able to occur in three conditions ;

- occasionally if water discharges 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 wlth the high water on the Danube river.,

In normal conditions the lce discharge 1s made over the
hook gate by handling the valve; the hydrologle researches have
shown that once every lo years discharges higher than 85o0¢ m3/s
occur during the ice flow periods and for corresponding levels in

the regervoir - under elevation 65,80.~The ice of maximum thick-
ness are unable to be discharged over the hook gates; for this

gsituation 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 in the reservoir at elevation 53,80,
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Thus an lo,60 m overflowing nappe is created, representing the
base criterion for the overflowing profile tracing ; because of

the specific 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 taillwater levels.

The 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 mein areas:

- on the first 20 Em upstream of the dam where the reservoir
is 1 =1,5 Km wide the icebreaker action is efficient because the
ice breaking mey be correlated with ice floe pushing and leading
in order to be discharged over the spillway ; as far as possible
a free chammel will be mentained through which are to be led the
ice floes from the Cazane icecheet and from the upstream part,
which are ditaching either naturally or big means of the ice=

breakers.
- on the reservoir tall area where the natural stream to-

gether with the velocity and slope conditions of the Teservoir
will favour the ice floes agglomeration and the possible forma=
tion of ice dams ; here 1t should be provided a ohannel on which
are to be led the ice arrived from upstream. This action will be
concentrated in the Sectoré where the natural conditions will be
more favourable for the ioe floes blocking and ice sheet and
possible ice dam formation,
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ABSTRACT

Factors governing the regime of ice formation in a sﬁlpﬂﬂ chamber
under differert opersting condition are considered. The process of icing Is
represented schematically according to the manner in which cold is supplied
to the iced surface. A procedure is outlined for calculating the growth of
the ice layer. Experimental findings are presented on the rate of icing of
a shiplit model.

SOMMAIRE

les auteurs analysent les conditions de la formation du regime de glace
dans la chambre d'un ascenseur & bateaux aux regimes differents de son
exploita Le processus de la formation de la glace est schematisé en fon-
clion du caractére du transfert du "froid" aux suriaces gelees. Les methodes
de calcul d'accrolssement de la glace sont décrites. On donne les resultats
expérimentaux relatife 4 la vitesse de l'accroissement de la glace sur le
modéle d'un ascer.seur,




In connection with the construction of a shiplift incorporated in the
Krasnoyarsk power development, the first of its kind to be built in the U.S.S.R.,
researchers in the fields. of ice thermal engineerirng and hydraulics are faced
with a number of problems associated with its operation at low temperatures
owing to the extension of the navigation period. Among the problems treated
are the evaluation of the ice formation effect on the service properties of the
structure, an allowance for the additional load exerted by the weight of the
ice, et al. A technique is outlined herein for estimating the increass in the
icing over the surface of the structure under various operating conditions.
Experimental findings are adduced of a test program related to the calculation .
of the ice conditions in the Krasnoyarsk shiplift.

Formulation of the Problem

Two schemes of icingover of a solid surface are to be distinguished,
both with the latent heat of ice formation removed througsh the iock wall rather
than into the water (an ice layer is formed over the wall surface).

In the first case freezing and the input of cold are simultaneous and
continuous. E.g, tnus an ice layer grows over the upstream plating of naviga-
tion lock gates. A similar process takes place across the inner walls of a
shiplif chamber filied with water. The cold is supplied by the ambient air
through the walls of the ice-covered structure,

In the second case freezing occurs intermittently, i.e. the ice formation
period is followed by one of cold accumulation etc. The process can e
Wustrated by the icing ot canal slopes due to water level fluctuations and wave
action, as well 15 by the icing of certain shiplif members which are periodic-
ally submerged in sater,

Making use of nal heat engineering terms, the first case may
be designated as reci rative, and the second one as regenerative.'!\/!any
investigators focused their research efforts on recuperative input of hea
tr sforred through the Wl towards the interface [ R. { , while reg
‘tive