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‘> On the basis of studies on the dynamics of the ice cover edge the following
peculiaricies were found in the formation of jams in tailwaters. Formation
of ice jams in tailwaters is a consequence of the dynamic destruction and

separation of the edge with increased discharges. The process of dynamic

destruction of the edge evolves by the formation of cracks along the shore,
debacles, and hummocking on the section within which during discharges the
size of fluctuation in the water level is 3-4 times greater than the thicknesss
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‘7\]¢>0£ ice on the edge during its formation. Jams are formed at the jointing of‘]

the intact ice cover and the shattered field under the influence of the forces
of the flow and pressure of the ice field which exceeds the resistance of the
ice. The amount of the greatest jam level is in direct dependence on the
amount of maximum water consumption in the period of jam formation. An in-
crease in discharges during the formation of ice jams promotes the increase
in capacity of the jam, and as a cons:quence a reduction in the winter coef-
ficients occurs, Regulation of the GES routine depending on the conditions
for ice cover edge formation on the section within the diurnal lag time is a
necessary condition for the movement of the edge in the tailwater without jan
formation,
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CCIDITICNS FCR ICE Ja¥ FCRMATICN IN TAILAATRS

GCSUDAASTVENNTY GITROLOGICHE=SKIY INSTITUT. TRULY in Russian Vol 227, 1975
FP 3155

(Article by R. V. Donchenko_

L‘!‘ext: The secticn of GEZS tallwater which is located in the pulsaticn zone
cf the edge of the ic2 cover is characterized by an unstable ice cattern.
Urder the influence of a iirunal and weekly reguiation cf the GES during

the winter a change in the ice phenomena occurs cn this section--alternaticn
of freeze-up with ice drift and moving sludge. Fere as a ccnsequence of
fluctuation in the water level, and an increase in Zongitudinal irnclinations
and current velocities indiscnarzes favorable ccnditisns are created both
for the formation of ice jans during tne generation of the ice cover, and
for the formation of ice jams during its destruction. The coraitions for
the fcrmation of ice jam rhencmena have been previously exanired and
subilshed in works (4, 5_. This article presents questicns cf the destruction
of the ice cover and the formation of ice jams in the GES tailwaters.

Study of the laws governing the formation of ice jams in tallwaters was based
on research cf the corditions for stabilizaiion, btreaking and shifting of
the ice cover edge dedending cn the GES routine, and the change ir thermal
and nydraulic characteristics along the length of the talluater.

For this purpose the following were selected as the subjects of research:
tailwaters cf the Volga GES imeni 22nd CPSU Congress and the Bratsk JES
imeni 50th Anniversary of the Great Cctober. In addition, model studies
were made of the mechanis~ involved in lce jam formation.

Conditions for Staoilization of Ice Cover Edge

0 The positiocn of the ice cover edge in the talliwater is deteramined by the
heat flows enzering the tailwater, the heat emission from the water surface,

and the hydraulic pattern on the section of its shift. Stabilization of

v the edge occurs on the talliwater section where the heat flow is completely
expended for heat emission from the water surface, and hydrodynamic stability
of the ice cover edge occurs. These conditions can bte presented in the
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following form:

Qept=SLoB. (1)
TR SR .
Fre ‘,;?—V-————"’:"'(l—-u)(l—--;’,. : @

According to |9, equation (Z) reaches the maximum
Fruae=0.154 | ' T—z, 3)

where J--consumpticn of water; t--temperature of water discharged into
tailwater; S--heat lcsses from water surface; Z,;--distance of line of zero
isotherm to dam; B--width of river; Fr--Froude number; v and H--velocity of
current and depth above edge; ¢, ¢ --density of water and ice; ¢ --pcrosity
of ice floe accumulations; h--thickness of ice.

As a consequence of the continuous changes in meteorolcgical conditicns, as
well as cf a diurnal and weekly GES regulation a shift cccurs in the edge
of the ice cover along the length of the tailwater. Thus, according to th
data of studies on the ice pattern of the Volga GES imeni 22nd CZSU Congress,
there was analmost diurnal change in its position in the winter of 1963-1G6%,
Here the edge approached clcse to the dam nine times and the same number of
times withdrew from it to a distance of 60-80 km. The main reason for the
return novements of the edge was the sharp change in meteorological
conditions, and accordingly, a decrease in heat losses from 2C0 to 100 cal/
(em®.day). In a number of cases simultanecus reduction in heat losses

from 50 to 200 cal/(em® -dayl and increase in the mean diurnal consumpticns
of water from 3000 to 7000 m*/s occurred.

According to the data of many years of observations, the stabilization
section is & km from the dam in a cold winter, and 64 kr in 2 warm winter.

Jurirg cre winter the position of the edge changes within 10-30 z=; first
it apprcaches the dam by 8-28 km, then it withdraws from it by 16-538 km
(1962-63, 1963-64, 196465, 1967-68).

In the tailwater of the Bratsk GES for conditions of midwinter (1561-62)and
with water con..mption of 2C00 m®/ms the least distance of the edge frcm
the dam was 15 im. In warm winters the edge was at a distance of 40-90 z=
deperding on the amount of discharge and the temperature of water enterirg

the tailwater.

The edge of the ice cover completes complex oscillating movements depending
on the change in metecrological and hydrological conditions; however, its
mean position for a lengthy time interval coincides with the section of
stabilization which is located in direct pro:imity to the line of zero
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‘emperatures. Therefore an evaluation of the mean position of stabilization
of the ice cuver edge for the subject under study can be made by using the
calculated dependencies for ithe position c¢f the line of zero temperatures
alorg the length of the tailwater on the heat lcsses, temperature ani con-
sunption cf water entering from the reservoir into the tallwater:

L,~f(Q. t. S). (4)

work &_ rresents tne :indicated decendence for the tailwater of the Voiga
GES imeni 22nd CrSU Congress. The calcu.aticn has used the extreme values
of Q (2500-285C0 a%/s} and t (0.3-0.1°C) which have been observed durirg tre
freezing cf the talliwater of the Volga GES, corresponding to G9 and i%
frequency. Calculaticns Zcr heat losses ware nade acccrding to the method
cf heat balance, For tie values § and t accegted above with reat losses
above 1CCC cal/(c=?.day) the line of ze~c temperatures it locat:i at a
distance not mcre than 15 k= from the dam. With heat lcsses 200-30C cal/
(ca®.day) it s separated frcm the dam at a distance to 1GC km. .

Fcr the stable ;csiticn of the ize ccver edze it is necessary to alsc
f4lfLll the seccnd condition, l.e., the resistance cf the ice ccver edge ta
the action of external forces.

Froa an anzlysis of the data frem ic2 cover formation in talluaters it
follcws that the edze is fixed mainly from the layer of sludze, the thickness
of which is deterr ned by the conditions of its freezing togetner and by

the hydraullic chasi:teristics of the section cf lce formation. In the
tallwater of the Vol -a GES imeni 22nd CzSU Congress the layer of sludge

0.5 m with alr temre.ture -15°C freazes in 5 days. aith complete rreezing
the siuige ice has terrorary resistance to snearing equal to 3.7 kg/em®.

Faving accepted the Frocie number as the criterion for the nyédrcdynamic
stability of the ice cover edge cne can deterzine the distance along ihe
lengtn of the water to th¢ odge depending on the thickness cf ice. The
charactaristic values for tne initlal thickress of !ice which forms the ice
cover edge in the tallwaters of the 3Bratsk and Volga CZS are given in tables
2 and 2, LCepending on “he water cousuxption and heat lcosses in the perisd
cf freezing the initial thlckness of the !ice fluctuates within 13-33 ca on
th? Argara and 22-58 cam on the Voiga River.

Urnder the influence cf a diurna’ and weekly regulation of flow in the tail-
water a change occurs in the hydraulic characteristics which results in a
disrurticn in the equilibrium between the forces shich act on the ice cover,
Sharp cscillations in the water level in the first days of freeze-up lead
tc its destructiorn.

The effect of saves of discharges on the stability of the edge position is
determined by the amount and duration of the discharge. Feor each tailwater
one can establish the zone of influence of ilscharges on the stability of
the ice cover edge under preset meteorologica. conditions. As is known, on
rivers with relatively sma'l discharges as compared tc the river bed capacity
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Table 1. Hydrometeorological Ccnditions for Stadbilization of Ice Ccver
Edge in Tallwater of Bratsk GES
m Q) Gl & ) e
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Table 2. Eyirometeorological Corditicns of Stabilization of Ice Cover
zdge in Tailwater of Volga GES imeni 22nd CZSU Corgress
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the waves of discharge are spread fairly quickly, and conversely, with
relatively large discharges the waves are spread over a great distance. In
the presence of an ice cover the coefficlient of spread for waves of 2ischarge
is increased as a consequence of the heightening of total roughness.
Especially extensive spreading of discharge waves is observed on the ice jam
sections of the tallwater.

A fluctuaticn in the water level also occurs correspondingly to the change
ir water corsumption ‘n the tailwaters. In winter the size of fluctuaticns
in water level directly at the dam of the tallwater reaches 2-3 m ’table 2).
AS one goes farther downstream there is a reduction in the amount of
fluctuation in the level according to the exponential law 2 :

LA T 5

where A_ and A,--respectively the size of fluctuation in water level directly
telow tXe I3 3Ind at a distance L ka frem the GES; T--duration of discharge,
ke Z-=-intensity coefficient Icr spread of waves of discharge depending on
+he mcrpnolcgical siructure of the river bed and on the slcpe.

Table 3. Greatest Size of Fluctuation in lLevel in Tailwaters of GZS in Winter

GES Size of + GES Size of
, fluctuation fluctuation
in level, cm ' : 4in level, ca
Ivan'kcvskaya 130 Volga imeni 22n3d 250
7olga izeni V. I. CFSU Congress
lenin 1 230 . Gor'kovskaya 160
Noveosibirsk 260 Bratsk 200
lilzhne-3virskava 2C0

Acccriing to the data of research, the limits of daily regulation in winter
fzr tne Xrasncyarsk GZS veach 160 kn, for the Vclga imeni V. I. lenin--

120 ®a, fcr the Volga imeni 22nd CrSU Congress--100 km, for the Nizhne-
Svirskaya--50 kn and fcr the Ivan'kovskaya--40 km. Analysis of the obser-
vation materials established that the effect of discharge waves on the
stability of the ice cover edge occurs on the section of water rnear the dam
witnin the diurnal lag time.

veforrations and Destruction of the Ice Cover Zdge

The development of the frocess of dynamic destruction of the ice cover edge
occurs in the follcwing sequence;

a) Zformation of coastal cracks;

bg debac.es and hummockings;
c) seraration of the edge.

< = -



In the passage of discharge waves the fluctaticns in water _evel and increased
velocity pattern result in the appearance of cracks and a lcss in tre
continuity of the ice cover. with discharge waves the destructicn cf in

edge occurs cn the cresi cf the wave wn!ch tasses wnder ihe Ice ccver. o
buckling the ice cover reaches critical ceflections and treaks.

The existing methods cf calculation, based cn the thecry ~f e.asticity ard
hydrcmechanics, make it pcssible tc Ietermine the ancunt cf oritical rise
i{n water leve. in which coastal cracks are crmed.

By taking intc account trat .!-e eize the ice _ccver is partially connected
tc the src'es. the fornula of _, li. Fachatov _=_ can e used o ccmpute e
itical r in water level

=345 | o _
i 1. p.’

where H,--helzht 3£ rise in level, cm; C--terporary beniling stress, ag ‘end
h--thickness of ice, cm: Z--mcdulus oY elasticity of '.cez-«a...-; x-=-f.neticn
of relaxaticn determined by calculated gragh.

For cases of so-called hinged attachrment of the ice cover to the shcres tre
nuzerical ccefficient of calculated formula (£) is taken as equal to .7.2.
In calculating the rise in Zevel which elicits the aprearance of cracks in
the ice cover it is necessary tc take into consideration zhe depencence of
;x on thu intensity of discharge, and cf £ and C on the alr tezpera:ure.
Tab‘e L rresents the calculated values for the critical rise in water
level for two variants of attachment of the ice cover to the shcres under
different metecrological conditionms.

It follows from table 4 that in the first variant with spall thickness cf
the ice cover (10 cm) formation cf coastal cracks should be expected wiih
rises in ihe level 12-26 cm derending on the air temperature, while with
great thicknesses (30-50 ca) 22-51 ard 32-5% cm respectively. For the
second variant the ccrrespording calculated values foxr the rise in level
are two tizes smaller.

Comparison of the calculated and observation data for the tallivaters cf the
Volga imeni 22nd CPSU Congress, Gor'kovskaya, Rybinsk GES and others reveals
the satisfactory agreement of the calculated and ceasured values.

Thus, according to the data of cbservation in the tailwater of the Volga
GES imeni 22nd CFSU Congress in the winter of 1971-1972 with the ice cover
edge located 72 km from the GES the formation of cracks along the shore
occurred with a rise in water level 28-32 cam (calculated valus for rise in
level 24 cm). In the tailwater of the Rybinsk GES with h=16 cm furnt.ton
of cracks along the shore was observed as a result of a rise in water level
by 30-32 cm (calculated--36 cm).



Tatle -. Zalculated Values for Critical Rise in Water Level (cm)
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In o zalecting wne vartlarns for attachnrent of the ice cover to the sheres it

1: necessarv %o cinsiler <ne tlze which the edge was located at the given
cecticn ana ine =etecro.cglical cordltions cf the examined period in order

“. %taxe intc accsunt tne effect oI the ice freezing together with the shores
arz at tne saze %ime glve rraference to cne cf the ca_culated variants. The time
tra ‘reazirg together cf ire sludge cover can be ccnputed by the
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= i, (i)

“rare -, , ° --spmciflic welgnt of sludge and !ice; A--coefficient of heat

- n
conauctivity ¢f lce; t--terterature of sluise surface; h--thickness of ice;
I,---atent neat of Lice :iox.."lon.

n (rder %o evaluate the effect o dischar-e waves on the destruction of

ice ccver edge duwxing its passage cn varicus sections cf the tailwater
frellzinary calculaticn shouid bhe made of tne amount of rise in water
~evel deperdirg on the size and duration of iischarge waves, and then, by
isirg the calculated values for the maximum rise, the zone of influence
of dlscharge waves on destruction >f the ice ccver can be determired.

i

Table 5 gives the values for fluctuation in levels along the length of the
GES talluaters, frecm which it can t» concliuded that the effect of discharge
on the stability of the edge is within 20-£) kn of the CES dam. Thus, for
the tailwater of the Volga GES imeni 22nd CFSU Congress with great discharges,
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and correspondingly with great fluctuatiorns in the level alcng the lerngih
of the tailwater as well, the statility of the edge is disrupted during iis
movement on the section of tallwater up to &C km.

As indicated, the formation of cracks alorg tre shcre is the first stage

in the destruction of the ice cover. After their fcrnmation ihe ice asver

will rise together with the wa'er level and cperate under lcai as a sori-
infinite slat with flecating edge. Urder the influenre s the iragc-irng

force of the flow, as well as the wind load, Zrop ani irregulirity 'n watar
surface,a loss occurs in the continuity of the ic2 cover, L.a2., Treakirs <p

of the ice fields into individual lce flces and their hurmrceczinz. I sum=mseilns
is not observed in the breakup, but only sezaraticm of both rzris, zhen it

is evident that this breakurs was a result cf tending ziress whiszn -
in the ice field from tne passage of a wave of trief ilscharge. Hurrc
occurs as a result of a loss in the statility of indiviiial ice fl:zes
during compression.

¥hen discharge waves pass on sections of the tailwater zhere rises in uz-er
level exceed the thickness of the ice cover, folleowing 4re fcriation of
coastal cracks flotaticn and losses in continuity of the ice ncver ~ec

Intensive deformations i the ice cover take rlace rzinly witn a shars

‘rise in the level,and cften result in ha debacie ¢f the rivar a:d regresszi.on
in the edge of tne ice cover edge dcwnstream. In this cace dastruction o:
the ice cover takes place by breakup of the fileld with cross eracks whicn
develop when the height of rise in water level is greater than <he neizht o
maximum deflection.

5

(LRI

The amount of bernding moment with the maximur height of Zeflacticn ¢
determined by the formula cbtained afier integraiion c¢f the differan:ia
aquatiorn for the curved axis of ice cover with regari for certain si=mcl
fications Lu].

2
=

: M=K vaxc ) A, )

where fma " -maxinum deflec.ion; n--thickness cf ice cover.

The appearance of cracks should be expected iF
.2 ™

)

#here g,--resistance of ice to berding.
Having used the Jdata of cbservations on the inteansity cf rise in water

level during discharges one can determire t'c thickness of the ice ccver at
which its destruction occurs derending on the water corsumption. Thus, fer
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example, in the tailwater of the Volga GES imeni 22nd CPSU Congress then
the edge is 60 km below the GES dam destruction or the ice cover edge must
occur with consumpticns of water greater than 6000 m”/s and thickness of
ice at the edge less than 35 cm. The resistance of ice to bending in these
calculations is taken, accorcing to (6], as q,=k0t/n3.

Under the influence of water flow and wind on the section of breakup of the
ice fields debacles occur and processes of hummocking and compression cf ice
develop. FReformation ci the ice cover edge essentially takes place due to
the dynamic increase in thickness of 1ice accordirg to the hydraulic charac-
teristics of the section and the meteorological conditicns. Debacles
dominate which result in the shifting ol the ice cover great distances.
Fowever with sharp changes in the amount of discharge powerful debaclesoccuxr
which enccmpass sections to 20 km. The duration of such debacles reaches
2-3 h.

The sizes of the debacles depend on the correlation of forces which promote
and prevent ice movement, i.e., on the amount of active and reactive forces
L1, 6]. The active include forces of water and air friction on the lower
and upper surfaces of the ice cover and on the weight component of ice in
the direction of the flow, while the reactive include forces cf resistance
by the shores and edge of intact ice cover.

The total amount of hydro- and aerodynamic load on the ice fielils as a
result of friction of air and water currents on the borders water-ice and
" air-ice can be presented in the following form:

P-=I"U."L|3 = 1:’&’281.|. “0)

where BL,--width and length of the ice fleld, m; v and w--respectively the
velocity of current and wind, m/s; a; and ap--coefficients of hydro- and
aerodynamic loads.

It is necessary to note that the action of wind is greatest if its directicen
coincides with the direction of ice movement. However, this component of
the load tecomes comparable to the action of the current only with wind
velocities over 10 m/s.

A (+) sign is taken for tail wind and a (-) sign for read wind.

Taking into account that the angla between the surface of the flow and the

water line is small, the component of ice weight in the direction of the
current should be written

P, =Y,hBL, I, (11)

where I--slope of water surface.
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Having lost continuity, the ice fields border the edge of the ice cover
which is attached to the shores. At the edge the ice cover is subjected

to compression. When the ice is of relatively small thickresses the ice
field is destroyed under the action of comoressive forces for the most part
from bending. According to research data debacles develop if the total
forces of friction of water and air currents on the borders water-ice-
atmosphere and the component of weight in the direction of the current is
greater than the maximum possible load ch.

By having data v, w, B, L and h one can evaluate the value of forces which
fromote debacles,and can find the conditions under which debacles develop.
Thus, in the tallwater of the Volga GES imeni 22nd CPSU Congress with a
change in water consumption from 4000 to 10,000 n’/a on sections 1C00 m wide
the current velocity is increased from 0.7 to 1.2 m/s. Under these
conditions debacles of ice cover are possible with thicknasses of ice less
than 30 ea.

The calculation accepts the values q -20-10"“'1‘/-“, q,-2x1o'61-3/.‘*, G, =40 /m3.

1
Taking into account the graph for the weekly pattern of load at the GES one
can hypothesize that the most probable are debacles on sections where the
edge moves in the first days of the week due to the sharp increase in
discharges and the small initial thickness of the ice cover which had formed
in the period of reduced loads (on days off).

The process of hummocking  volves during debacles. The formed ice floes
under the influence of wind and current are shifted and gradually increase
the speed of their mcvement.

In the process of movement the ice floes wnich possess a varying supply of
kinetic energy hit each other and as a result some of them lose stability,
ond under pressure from ice with greater kinetic energy they are tipped on
their edges and are broken up into parts. In those cases where the kinetic
energy of the flcating ice floes is not suffié¢ient to destroy,some ice flces
creep ov:: others and their hummockinrg occurs. In hummocking the movement
of ice . .7es in the horizontal plane is disrupted, the rear edge of the ice
floe is submerged in the water, while the front edge is raised to a height
determined by the mass of ice floe m and the initial velocity of its
movement v, i.e.

aH= (12)

where P--weight of raised section of ice floe.

It is natural ihat the development of the hummocking process either inten-
sifies or diminishes depending on the velocity and direction of the wind.

In the process of debacles the edge retreats and dynamic thickening of the

ice formations occurs, as well as an increase in the irregularity of both
the upper and lcwer surfaces. In those cases where the kinetic energy of
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¢f refloatiig ice masses is not sufficient to destroy or move stopped ice
floes a continuous ice field of ice cakes begins to form. As ice accumulates
the pressure increases and compression of ice occurs. In addition to forces
acting in the direction of the flow, thrust develops, i.e., part of the

load begins to be transmitted to the shores. The resistance of the river
shores depends on the shape of the shores, the thickness and strength of

the ice cover,and the nature of its contact with the shores. Qualitative
analysis of the conditions for the dynamic interaction of the ice cover with
the shores permits detection only of the general relationships between the
forces of resistance of shores and the main determining factors.

It is known that debacles are always accompanied by heaping of ice on the
shore. Depending on the shape of the shores, curvature of the slopes, as
well as the strength of the ice the natwe of deformation of the ice cover
is determined. On sections with gently sloping shores the flelds are
destroyed from bending, or from shearing off under the influence of vertical
components of contact forces. On sections with stesp shores destructiown

of the ice field edge is most probable from shearing off. According %o
research data, the shattered ice field ad jacent to the shores has a force
ffect on the edge less than the monolithic ice field which does not have

a strong bond with the shores. Quantitative analysis of the maximum
permissible load on the edge by the shattered field is made with regard

for the tangential stresses in the fricticn water-ice, the forces of friction
on the shore, and the lateral pressure {1].

Fexmation of Ice Jams

"der the influence of the current and interaction with shores the ice masses
which pile up before the edge begin to thicken. In those cases where the
discharges increase, at the edge an ice cover btegins to form which is of
double or triple thickness depending on the initial thickness of ice and

the discharge conditions. This phase of jam formation usually does not
result in a significant rise in water level. A further rise in water

level and increase in current veiucity elicit deformation and compression

of the shattered ice field. Essentially a new ice field is formed with
thickness and density of the ice floe packing corresponding tc the conditicns
for a new equilibrium between the forces of resistance and deformation.

By using the equation for hydrodynamic stability of the ice cover edge (2)
one can compute under what ccnditions of discharge and values of initial
thickness of ice its separation and subsequen: formation of a double or
triple layer will occur.

For the entire range of change in the water consumption during discharges
characteristic for the Volga GES imeni 22nd CFSU Congress separation of the
edge on the section near the dam can occur with thicknesses of ice not less
than 40 ca (table 6).

With small initial thickness of ice (8-10 ca) formed at low negative
temperatures in the period of minimum nightly loads, separation of the edge
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Table 6. Characteristic of Hydrodynamic Stability of Ice Cover Edge

Pacrea, h cw
. Fr
s LA =0] s =07
o | 0,05 5 6 8 14
o | 0,06 4 9 12 20
w0 | 0.08 12 15 21 36
oo | 0,10 19 24 33 56
12000 | 0,11 23 2 41 67
15000 | 0.12 26 31 48 80
17000 | 0.14 36 47 66 110

Key:
1. Consumption, m®/s

takes gla.ce with any discharge. With an increase in water consumption to
8000 m”/s the condition of hydrodynamic stability of tne edge is fulfilled

- with thickness of ice 12-36 cm depending on the porosity of the accumulations.
Consequently, under these conditions formation of a shattered ice field

of double or triple thickness of ice must occur. With a further increase

in the consumption of water of discharges = change in the thickness of ice
also will occur correspordingly.

Further thickening of the formed continuous ice field at the jointing with
the edge of the intact ice cover occurs as a result of collapse under the
influence of a hydrodynamic load, which leads to the formation of a jam
accumulation. Stability of the jam accumulations is determined by the
maximum water expenditures in discharge, the morphometric characteristics
of the jam section, and strength and thickness of the ice. The limiting
condition for_static equilibrium of the jam accumulations is the following
expression [8]:

HYB
‘_P-)’ 3 =2 36, (I3)

where H--depth, feet; B--width of river, feet; p=0.26; Q--consumption, ft3/s.

The stability of jams is maintained until the current pattern changes. If
the expression of the left side is less than 2.36 the ice jar cannot counter-
act pressure and is destroyed. Under tailwater conditions the increase

in water consumption during the formation of jams elicits a redistribution
of the masses of ice and a retreat of the ice cover edge. Evaluation of

the quantity of ice in the jam is made according to the data for changes in
the water-permeable capacity on the jam section, by using the method based
on the use of reference curves [3].

-13-
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Table 7. Characteristics of Destruction of Ice Cover Edge in Tailwater
of VYolga GES imeni 22nd CPSU Congress *

Lc) (o)
(“ hnuul)wn. u'/e Paccron Toimens @
rnm”. S Jeosan ofy amveks
AR E S s '
wasnud | cyrowmn | [IC, xv o

2:11-61 8500 | 4780 64 2 Moaswaka (8)

9:11-61 10000 ; 4310 62 i Moxsnasa.  Orcryascune ()
KPOMKH

18°11-63 12600 | 7580 17 % fedsemaa o)

24'11-63 12000 7530 19 30 I'easnasa [1.}]

25 164 12000 7800 64 16 i C;-"l.n lq;wnm v Cectaoro 09y
#Aa. Jare

18, 11-64 7500 | 6000 8 Tloasnana d

24:11-64 13300 | »000 10 32 Moasuxka )

3 11-65 12900 7180 L 16 Cpus kpoumeu v Kpacwo- )
apwencka  (nepedropan- 0‘
posanic)

3711165 10 000 S04 3 26 Mozn:kxa (3

2/1-67 13000 5420 14 3—-10 Cpun kpovkn, satop 61)

25. 1-67 15000 | 792 18 47 Hoamska ®)

26,1-68 1330 45 19 Crun Kpoveis 1arep Q2

19.11-68 13 000 3650 14 40 Ioanska (7]

6/1-69 12 00 H2 64 by Moanuxxa @

12/1-69 12300 7140 19 18— Meanwxa 9

- 12300 300 1v n Mloamska, cpun Kpowkit qy)
(srepeopanonanine)

16:11-71 12000 | 702 61 % Moapiana &

17;11-71 12300 | 7180 62 25 Tosnasa (nercdopynpo- ()
nanme)

19 =72 15050 : 9000 12 1015 Cpu:m:r-nml. 1T0p (€8]

Key:
1. Date 8. Debacle
2. Consunrtion of water, a®/s 9. Debacle. Regression of edge
3. Haximum 10. Separation of edge at Svetlyy
L, Daily average Yar. Jam
5. Distance cf edge froa GES 11. Separation of edge at Krasno-
dam, ka armeysk (reformation)
6. Thickness of ice edge, cm 12. Separation of edge, jam
7. Ice situation 13. Debacle, separation of edge
(reformaticn)
14. Debacle (reformation)

In laboratory studies of the mechanism for this complicated phenomenon the
qualitative characteristics were found for the process of jam accumulation
formation and values for the Froude number were obtained for which there is
formation of a double and triple layer of ice field, as well as separation
of the edge and formation of jam accumulations [10].

One should dwell on the results of fuil-scale observations made by the

Volgograd Hydrometeorological Observatcry of the conditions for the formation

of jam accimulations during the movement of the ice cover edge in the
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tailwater of the Volga GES imeni 22nd CPSU Congress. Analysis of the
paterials for the 1l-year period of observations (table 7) revealed that

in the tailwater of this GES separation of the ed?o always occurs if the
cordition for hydrcdynamic stability of the edge (2) is not fulfilled.
Depending on the amount and duration cf discharge in some cases there are
debacles (1960-61, 1962-63, 1968-69, 1970-71), while in others reformation
of the ice cover takes place (1964-65, 1969-70) and formation of jam
accunulations (1963-64, 1966-67, 1967-68, 1971-72). The edge is stable if
1t 4is formed with water consumption and temperature conditicns that guarantee
the necessary thickness of ice formations. Depending on the climate
conditions of the winter period the jams are formed on various sections along
the lergth of the tailwater. In a warm winter the jams form as a resclt

of 2 =hift in the ice cover edge on the section of diurnal lag time from

the 4am, thus governing the rise in water level which is the maximum for
winter. The site of jam formaticn is for the most part a section 3.5 ka
below the water station Svetlyy Yar. The greatest jam was observed in the
winter of 1971-72 during which the water level at the Svetlyy Yar water
station reached 78J cm (only 47 cm below the heighest observed in the spring .
flood tide). In a cold winter the jam accumulations are formed on the
section near the dam during acute discharges and small thickness of the ice
cover, Thus, in the winter of 1966-67 a jam of 16.8:10° T of ice was formed
15-20 &m from the GES dam. An increase in the water consumption during the
forrmation of ice jams produces a redistribtuion of the masses of ice and

an increase in the capacity of the jam, which leads to a sharp reduction in
winter coefficierts. The amount of the greatest jam level is in direct
dependence on the amount of maximum consumption of water ij. By examining
the entire set of conditions that determine the dynamics of the ice cover
edge in the tailwater one can establish the limits for regulating the GES
operating pattern during the ice cover formation in order to prevent the
generation of powerful jam accumulations. The solution to this task must

pe based on the conditions for the stabilization of the ice cover edge
depending on the amount of discharges and the weather conditions of the
winter period. :

Conclusions

On the basir of studies on the dynamics of the ice cover edge the following
peculiarities were found in the formation of jams in tailwaters.

1. Formation of ice jams in tailwaters is a consequence of the dynamic
destruction and separation of the edge with increased discharges.

2. The process of dynamic destruction of the edge evolves by the formation
of cracks along the shore, debacles, and hummocking on the section within
which during discharges the size of fluctuation in the water level is

3-4 times greater than the thickness cf ice on the edge during its formation.

3. Jams are formed at the jointing of the intact ice cover and the

shattered field under the influence of the forces of the flow and pressure
of the ice field which exceeds the resistance of the ice.
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4., The amount of the greatest jam level 15 in direct dependence on the
amount of maximum water consumption in the period of jam formation.

5. Apr increase in discharges ‘uring the for:ation of ice jams promotes
the increase in capacity of th: jam, and as a consequence a reduction in
the winter coefficien's oc.urs.

6. Regulaticn of the GES routine depending on the conditions for ice cover
edge formation cn the section within the diurral lag time is a necessary
condition for the novement cf the edge in the tallwater without jam formation.
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