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The material givenrherein has been‘trénslated from the
Russian in the Stefansson Library,

To a considerable degres the translations have besn made

in fairly literal, in preferénce to idiomatic, English. This

is more true in some of the translations then in others. In
editing; clarifying words and remarks have as a rule been added

parenthetically and in footnétas, in preference to altering the

. \
translator's version., -
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I, .Formation of Ice at Sea

The prooess of formation of ice in sea water differs from
that taking ‘place in fresh water meinly owing UO the presence

oF salt in the sea.water. While freeh water hae a mex1mnm

} density at a temperature of hoC and freezes at O the tempera-

- ture of maximum density of sea water (0 ) and the temperature

of 1ts freezing point ( 0) differ considerably, depending on the
salinity of eea water (S /oo)

‘This dependence 1s made clear in the table glven below, and

taken from Oceanography by Y. M. Shokalski

¢

@- ‘ Table I

Dependence of the freezing point end of the -
meximum denelty on selinity.

L © o * . Temperature of
Salinity in ofoo : Freezing Point  : Maximm density

1
i

e
ce

b

@
.07
Q.
27

o -+ = 0 (%°.) 3.9
5 ¢ 0.3 : 2.9
10 : : =0.5 : 1.9
15 < - 1 =0,8 - : 0.8
- 20 : -1,1 : =0.3 ..o
o 2k 695 ¢ =1.,332 : -1,332
25 i -1.35 :o(-1h) - ‘
30, S -13 i (-2.5) :
35 ' 2 =19 i+ (=3.5) -
ko L L=22 : (-4.5)

(It ig. the custom to exprese the sallnity of sea water 1n e
"pro mille", not in "per cent’', i.s. indicating how many®
parts of salt are ‘contained in a thousand such parts of .
water. The "pro mille" is indicated by the-sign ©foo.) I

On examinlng this table we note. that the. temoeratdre of

S

~ the freezing point falle in. proportlon to. the increasse of

{

Sl -
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' salinity._ Thus, it reaches -1 9 When salinity is 35 /oo,f

S and =2 2 when salinity is Lo /oo° With increase in salinity,
the temperature of the maximum density of water also falls, but

_ much faster, and with salinity reaching 2& 695, or, to put 1n

round figures, ok, 7 /bo, it is identical to ‘the freezing p01nt

-

. In Table I, stress 1s laid on this salinity, in the case of
Which oo ;md o are identical namely -1 332. To make 1t ‘.
| ’ . o clearer, Table I is represented in a graph (Fig. l) _ It is
| apparent from this graph that the line of temperatures of maxi- o
mum den81ty (o inclines with regard to the horizontal axis
; more sharply than does the llne of freezing p01nts (7°); both
’ lines 1ntersect at a point which corresponds to a salinity of
\ o 2h7°/oo.,.u'.--f3?~ - '_ |
‘ i (Temperatures of maximum density of water, the.salinity of which
exceedsg 24,7 o/oo are shown in parentheses on Table I, and by a
“dotted line on Fig. 1l becauss, in nature, water cannot cool down .
to such temperature, as it would reach “the free21ng point be=- -
forehand and- change into ice.)
The density of water plays an important part when it is on
the point of freezing. To make the entire process of free21ng
o clearer, we;shall examine'the-question in detail. We shall first
"éiami‘né‘ théﬂformz:'atioﬁ?of 1¢e in fresh‘water‘ | |
In every water basin, the cooling down takes place mainly
from the surface, when cooling down, the upper partlcles of water
acquire more density and consequently more weight and start
s1nking down,‘thereby allowing warmer and lighter particles 'of -
‘water to replace them on the surface. There thus:takes place a'
vertical circulation of water termed convection. In a fresh-water

A

basin, covection continues only until the entire depth of water,

-2.

e
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o layers grow lighter in weight than the lower ones, and tend to :

~

from the surface to the bottom, has cooled down to a- temperature

of h 9 after which the displacement of water particles stops. In

w}case of a further drop in temperature below x°c, density no more

1ncreases, on the contrary, it decreases, therefore, the upper

'remain on the surface.

When the temperature of the surface drops below 0 C: 109,

' begins to form on the surface. On the eurface of fresh water

ice starts forming in the shape of sharp, thin needles, spreading

'mainly from the shoreline toward the center of the water basin.'
V fAfter the appearance of the first needles of ice crystals, there
 forms & thin ice crust which is first transparent and then ac-.
"'quiree various shades as its thickness increaees; From the very

’1fbeginning of its formation as a thin film fresh-water ice is,

>

| considerably hard, it*resembles glassvand hae.mostly smoophhlevel

:surfaceSa‘

In sea ice, the formation of ice proceeds differently. We

‘.;shall first examine waters, the salinity of which is below 24 o o/bo

rfi.e. so-called brackish waters.A The formation of 1ce in such waters

may have been expected to occur as 1t doesg in fresh water, because :

in the course of coollng of brackish waters, the temperature of

'maximum density occurs before the fre921ng point In reality,’

however, the similarity is incomplete. The only 51m11arity be-

tween fresn and brackleh water lies 1n the fact that, 1n botn,

‘covection stops before the moment when formatlon of ice se+s iny -

but the similarity stops the moment the first ice -crys als appear

i‘in water with the lowest possible salinity. The explanation is,

that crystals of 1ce forming in. salt water contain no salts, be-

. T - 3 -
1l A .
S
. T e .
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~:cause,:in~the;precess;ofaiceéformation,ethe salts renain:inhthe.
surrounding water; théreby increasing its salinity , and donse=
'”;quentlyQite*densityttbék'¢Thevnew‘bonveCtionlthus‘takiné place
towingrto increase;in?salinity'delaysithe'freeZing"inucbﬁséguence‘
-of”the“replabeﬁent‘of~superficial‘particles of vater by particles=
'of a higher temperature, and originating from lower layers.'t
oIt should be further noted that at the beglnning of their
formation, salt-water ice crystals float on the surface separately' -
' and do not*rapidly form into an ice crust as 1t occurs 1n fresh
i"water.' The freezing together of'ice crystals is somewhat delayed
-fﬂby the increased salinity, as a, lower temperature is necessary(
L7for the free21ng of this saltier water than was’ required for the
f:appearanoe of the first ice crystals.~ Therefore, and 1f cooling
“does not proceed too intensely, a certain time 1s>necessary for
' reaching a. temperature allowing the next series of ice crystals‘
to form in this. more salty water. This second appearance of ice
’crystals in turn 1ncreases the salinity of the surrounding water,
'nand this necessitates a further drop in temperature until the new |
1qﬂfreezin3,point.isvreeched A certain lapse of time iswtherefore
- fagain%reduired:“ Therefore, the appearance of 1ce in sea water
‘proceeds by stages.fi* L | I “i "
(It should be taken 1nto consideration that the delay in the
fre921ng together of orystals described.above will be- noticeable
“only in cases. when a leap in. salinity 18 located cloge below
the surfece; 1.e. when increese in: salinity takee place 1n a thin
vlayer of water.v Editor' 8 note ) -
' The basic difference between the process of cooling.and of.
ice formation taking place in salt water at sear- i e., Jin ‘waters

-Fcharacterized by a. Salinity of over 247 o/oo - and that occurring

“ine freshiwater or brackish water, lies in the fact that the tempera-»

~

‘\ o - -
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~the properties of“seafiCe.'

N L e w0

ture of maximum density of salt water” is lower then its
‘freezing point temperature. “For - this reason, the cooling of -

surface particles of water'down to freezing temperature,*w1ll

-,provoke convection and,; as a general rule, the formation of “ice

will be abls to sta”t only after the entire layér of ‘water. accee-
_sible touconvection-will'haVeireachedrthe temperature of freezing

of water of.:given salinityffﬁUﬁon further'cooliﬂg,?convection will :

continue, - Therefore, the - formation ‘of ice crystals Wwill continue

‘not only on the surface, but throughout the entlre layer affected
‘by-convection. Similar to the preceding case, “the formation of
“crystals will proceed by etagee..w

The ice: crystals which have formed within “the - layer. affected

_'by‘convection-w1ll emerge to»the=surface owingstOcheir leseer

epecific gravity, and will remain: afloat. with approximately 8/9
of their~volume‘below the water‘llne. As the cooling proceeds,

gradually thicken and grow in bulk and freeze over.'”~ TR
. A8 ‘the crystale freeze together and form a coat: of ice, “the
~particles~of.water-filling‘theyspaoe‘between crystale“are'separated
: from'the'general’maee of waterjand'thus remain‘soﬂtOfeﬁeaE.enClOSed.

in the ice. As the crystals grow in size, they release salt.and’ the

; salinity of the water remaining in the ice iS‘thereBywsharnlyyin~

creased to that of a concentrated br1ne. Thereafter, part of the
brine is squeezed outr onto the surface, part remains in cavitiee in
~ the ice, and part flows down into the lower layers of ice. .This
phenomenon will be examined in more detail in the-section’devoted to
- In connection:uith the above\described'procees_of'formation of

";-5;
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sea’ice, it ‘should be‘notéa that, in its initial stages;“iﬁ

. may. be dlstinguished from: young fresh-water ics by the ‘following

: 1_peculiaritiee°'

falj.5;gﬁth5‘f1fstfs£ages;of'1es.fofmatioﬁ;w£he~1cer¢onéist§
fgf.aec@mulatyons'ofJeéparaﬁeljjfleatingeice‘ér&etalsév“-
nq,a)_,fﬁe eeeondwetaée:is-characterized‘ﬁjfthe'emergenceﬁéf
- a newly formed crust of -Ice, - ‘Thig crust 1s not hard glaes-like
:‘ice, but is & friable, elastic, ice-Iike mass, vhich crumbles
‘ easily and bends without breaking when rocked by a mild swell;

3) owing to the brine contained between the ice crystals,A' o
eea-ice;is,saltytv }‘?A“~' *gffiifimTV“lf | ERCOE .
';-Theedbeweﬁdeecribed.pfecessﬂofefreezipg'of'sea*wateritakes

Avplacexinﬁgogq1tione;o% a"dblm'eeesfvin‘a;etormy seé‘howeeef,?df
1ﬁinwthe:pgeeeneegoffstrongacurrEnte,:thevprocess.ef'ffeezing ﬁﬁ@er_
goee:centaingVarietiene:y thereveééﬁrs_infiﬁtermiXiné*of Wé%éf;l
..and thisémay,firstfdelavﬂthe‘appearaﬁce bf-iCe butfiﬁilatef'étagés
l~it contributee to a greater growth of ice owing to-a w1de ecale
cooling of very thick lavers of. water. ’ |
vaWhenfavenowfall'eecurs during the ?feezihg-ub'ef ﬁeter:;the

¢

“salinlty. of ‘its upper layers decreases and ffeezing is accelerated.



S 2 PROPERTIEQ AND PFCULIARITIES OF SFA ICE

Salinlty of Ice

"”rWe now know that sea 1ce retains part of the salts contained
in the water from which it was formed.' We shall now examine ‘the
. conditions determining the amount of salt in ice and the reasons
for its variatlons. .;: "' s . |

The salt content of gea water changes frequently and almest -

1ncessantly, and the reasons thereto are numerous.v@* Ve
H . As 1ndicated above, 1n the first stages of freeZlng of sea;
’water, the ice crystals accumulated 1n a’ d1sorderly mass below the
}?water surface freeze up, entrapplng a certain amount of brine
”lwhioh, in the consecutlve freezing, i - in the 1nitial stages of
Aformation of an ice orust, 1s partly squeezed out onto the surfaoe
: jof the ice.r If freezing occurs din very low temperatures, the brlne
which freezes on. the ice surface releases dry crystals of- salt whlch
form small bunohes or: clusters on the lce. The pregence. of salt on
’_ the surface of sea 1ce renders the sliding of sledges 1mposs1ble.
‘vDuring the.fprmatlon,of,young ice,rmost;of'the‘saltjsettles
v.;nreciselr;in,the‘upper-lajer,swhere‘icefcrystals had?accumulated
in a disorderly heap prior to freezing~up into an ice crust;>FIn
the course of the further growth of ice, which Proceeds from its
lower surface, the newly formed ice crystals a8sume, the shape of
needles, mostly directed vertloally downwerd Accordingly,'tne
amount of brine remaining in theﬂice 1s.somewhat_less in the lower
'layers than ln the unper ones,'as'more brine has time to flou

down. (Fig. 3)
-7 -



- The Swedish sci"tist Finn Malmgren (On the Properties of
Sea Ice, 1930), who investigated the salinity of sea lce, has

_wsubmitted the. following figures.
| ‘Table IT.

Vertical distrlbution of galinity. in a sample extracted N
: frem the ice coat

Distance from. thel B E e l . i ’if
surface of ice | 0| 6| 13| 25| ,usi 82 §95
dAnceme - 1@: F R S S A i

i
Salinity in /OO 56.724- 5.28 5,31 3, 8l !u 37 i 3. )#8 3 173 .
. ' E ] , oo i

. These determinations Were. reached .on- the ship "Mau " during
.the 192h/25 drift in the Arctic Ocean. The ice started formlng
“in November l92h and the salinity was determined 1n April 1925

F Malmgren aleo quotes the findings of K Veiprecnt another Arctic
7 texplorer, During the latter 8- voyage on the'"Tegethof"' he in-
.'vestigated ice formed in a 33 %, froet ( 33 C ) 60 hours after the
‘ beginning of its formation, the sallnity of the iirst 5 cm. from
7“‘the top, was 25 o/oo, that of the next 9 cm. was 13 o/oo, and that

" of the last 5 cm. was 12 o,oo. »On the baeis’of a number of similar
determrnations, 1t can now- be established that,uhe amount of salt inu
ice depends.. f“ . . | - ., ‘ &

{ l) on the degree of intenS1ty w1th whlch the freez1ng takes

\

':place, the more rapid the formation of 1ce, the more salt remains

~ -
- i

i the ice,' f,’f:'

2) on the age of the ice “the brlne gradually oozes from

»»»»»

cavities in’ the ice 1nto the water, and therefore, the older the

ioe, the less salt remains in it
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B single ice floes which are melting.’ These phenomena will be

"3) ot ‘the “thickness of ‘the ice. ‘the thieker‘”the*’icfe, the

1688 galt will 1t contain, particulerly in its ]ower layers.

The last condition is, in part “a consequence of the first'

as the ice increases in thicknese, the freezing procees is being

sloved dewn, and this, in turn, contributee to the decrease of the .

_iamount of salt remaining in the ice."

The content of ealt in blocks of ioe, piled ue by preeeure

A'onto the surface of ice, or in single blocks, decreaees very fest‘
.one= year old top hummocks turn out to be almost fresh before

thawing sets in. o

Changes in the ealt content of sea-ice also occur as a reeult

»of thawing, and differ in the various types of icep' ﬁn important
part is played by snow which produces fresh water upon melting.

'Dissimilarities depend on whether it is an entire coat of ice or

D

'examined in detail in the section devoted to the thawing of 1ce.

Density of Ice.

It is common knowledpe that water expands when freezing.ﬁ The

A

b'rolume of fresh-water ch exceede the volume of the weter lt has

- i originated from by about 9% The densitv of ice, whlch has formed
‘ from fresh water and containe no air bubblee, is about O 92 (c.g g,
‘system) Therefore, the greatest part of an. ice floe ie eubmerged

and only an 1neignificant part of it rises above the water level

The deneity of sea 1ce ie by no way expressed by a constant

A

quantity, and may fluctuate, depending on the selinity of the ice,

and particularly, on its por051ty. In most cases,‘the deneity of

 sea ice fluctuates between O 80 and 0 90 The density of 1ceberge

may be considerably 1ese - acccrding to Smith it may reach 0.6
-9 -



The. draught«of~an dce floe(varies in oonnection with its densitj, ,

1t also depends on the densiny of the water in which it f]oats, -

‘,and on the: shape of the floe.,s' IY:‘>'4 " | ' |
Professor N N Zubov (Sea Water and Sea Ice, Moscow, 1938)

supplies a table, establishlng the ratlo between the submerged Part

of an, 1ce .floe. and the height of its f oatage in connection w1+h

. various densities of ice and water. Thls table is calcule ed for O

Uice floes with a horizontal surface end vertical s:des,

Table III

7 Denslty of weter

a Den81ty . : o o

*"“of Ice Cor 1000 ¢ LL,0L T L0 s 1.03

- 0.60 : L5 v 15 0 Lk : 1.

0.65 : L9 1.8 1.8 : 1.7

0070 - =t 2'3 :- 2’3 i. R .:.. 2‘2 - : 2‘1

C0.75 T30 7 2,9 : 2.8 : 2.7

0.80. : bho oor 3.8 3.6 3 345
10,85 f507 7 5.3 . 5,0 : oy

.. 0.90 . 9.0 8.2 : 1.5 : 7.0

'Sea?ice“is character*zed mainly by the two last Ilnes of thls
el AN
table, to thevexclusion,'however, of the fi rst column, which Dertalns

"to fresh Water.: It may thus be cons1dered that usually, the volume

(

-“,of the submerged part ‘of an “lce-floe at gea 1is 5 to 8 tlmes th&t of .

"the ‘vieible part This also refers to the draught of ice floes,

provided however, thelr shape does non differ too much from bhe'
regular shape used 1n figuring out Table III "

\ " 'In’ order to demonstrate how misleadlng 1t can he to Juege
of the thickness of an 1ce-floe by the part showing above w@uer,
”“Flg. b shows two blocks of ice of a denslty of 0. 90 iloatlng 1nrl

'water of 15 o/bo salinlty and 1.01 dens1tv.

o 3_0-
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We shell now examlz’ﬁtb"WhaﬁVexbent*tﬁevdenéitybof’ice\de-

pends on 1te salinity an& on Atas conbent ‘of ‘aly bubbles. ‘Forfthis

: purpose, we shall use an excer t;from a. table given in' Prof N, N,

Zubov g book quoted ‘b‘"'

ff;”}Deneityﬂof$ICG;”ffVi" | o
“Ar Con- | :"*(Saunity in °/o<>>
Ctemt dn o 0 U 5 oo oest e es
%, R L . . .

0.918 = 0: 9?'2 o’ 92’51 0,930 - 0.93% . 0.938
0.881 - 0,885 -0.889 .. 0.893 ' .0.897.. 0,901
0,835 ';“‘»yo 839; . o 8&3; 0. 851, ., 0.855

0
o
g

ﬂin regard to the general volume of the 1cea_:

'_ In Table IV the contenb of alr ln ice ig given An: percentage

J

The horizontal rOWSvof figuree show that varlations in the

/ndensi y of»ice, conditioned by dlfferent degrees of sallnity, are

tinsignificant and do not exceed O 02 The den51ty of ice varlee

S, : i

",much more in connection wlth the content of alr bubbles (see verti-
'cal/column 1n Table IV) Alr gets into the 1ce partly during the

‘ireezing of sea water, but it mainly penstrates into it fron the

atmbsphere, gradually filling the caV1ties in the ice, from vhich

the bri%e 1e eozing out The content of alr bubbleS»in sea 108

' '.[varies conslderably, and mey be qulte high up to 13-15% of the

vvolume of” ica. Obv1ouely,_the content of alr 1s the hlvhesn ,

in ice which has formed frcm water wlth & high saliz:ty, end*

tvmﬁwhich is old enough for most of the brlne to bnve oozed out of

‘—ita' Thls hae been confirmed by tae 1nvestlvatlone of F Mqlmgren,,

G

who has establlshed at least in one 1nstance, that. the deneity '

- ll -
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”;of de salted pressure hummocks over one’ year old mey b6 less Than

.90, reaching 0 857, while density 1n the baelc leyers of one-year-

w.

old pressure ice-floes may reech 0 91 to O 92. . ,1etﬂ~7“

Temperature of Ice.

lable v, taken from the works| of F. Malmgren: gives & cleor -

k 'picture of the dletribution of temperatures throughout the depth of

5the ice cover. It givee»the mean monthly temperatures of the ice,
":obtained 1n the course of two years of observatlon on the drlftlng

,"Me.ud" . “ "Y

_fromvo to 2 m. Acoordlng to
"F Malmgren I's observations, in layers lying cLose to the water, the
:*temperature of ice is very cloee to the freez1ng point of water.

IR A

Table V

“HiTaﬁiezof*Meaﬁ‘MOnthiy Teﬁperatures,of ;Ee'(oc.)?

o

» Distance from tne surface of ice in meter's“

U MONTHS femmemmmemmamamses—emmmemtesmmmamom e Cm e mm oo
S 0,00 0.25 0.75. ¢ -1.25  : 2,00 }
o Japuary. o t00=28,0 30 -2k 1 : 0 <18,9 @ -1k0 T -76.5
February =~ : -30.9 ¢+ =-26,9 : =21,3 : -16,3 : =8.5
March Lt =29,1 5 =260 ¢ 21,0 : -16.5 -~ 9.6~
April - i =216 s 20,1z -17.3 : -l b -9k
May . o eoon = Tubir 72861 =93 =92 1 2Tk
-t June - =157 -3.0%. -4l 245 1 -3,8 '
JJuly: v S e 0300t =0t - 081 <107 0% - 1.8
Avgust ~© ¢ - 0,0 :" 0,03 -0,8: ~1,1 : =-1.2
-September .1 27 i - 1,3 =00.9% = LI i - 1.3
October: =123 : 276 -3.3: =16 : -1k
"-«November ter 23,0 1. w1780 21l.9r - 7,1 a2k
"December Yy =299t 20 b 2177 ¢ -12,2 - 4.,6° wg
S Mean v 215,70t s13.32: -10.65: - 831 10 -u.82 :

‘TIn'the:ﬂiddle”end lower leyers of 1ce, temperatares remain low
for quite a long wnile after that of the upper layers has started

7- 12 -
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<'rising, and even after the ice on tne surface has started thawing.

. At such time (May, June) minimum temperatnree are to be found in

TV 'srf ,
the middle 1ayere of ice, and in connection with this, the growth

T

of ice continues from below, and it even’ faile to stop at the be-

3

ginning of the thawing periodn_ In addition, and as ev1denced by

i

the Table, in the course of the entire period of thawing, the tem-

o peraturee of the 1ower layers remain close to the fre921ng p01nt of

prater. It would seem that the growth of thick ice from below etops
but for a short time 1n summer. ~f»"qu'

At eea, ice ie usually covered W1th SNow of varying depth and
1of varying density, thie too has an effect on the temperaturee of

.ice, and coneequently, on. the grcwth of the thicknese of ice._,Up;

»to Merch, Malmgren carried on obeervations on ice which was being

cleared of ite coat of - snow. Thereafter, up to the beginning of the

thawing period obeervations were carried on without clearing the

snow. He writes°w'"The etate of the snow exercisee great influence

Mton the tempereture of icef Snow is a poor heat conductor.‘ Therefore,

when ice is covered with snow, the temperature at a certain depth

from the surface 1s considerably higher than it would be were there

. N
N ) N . 5

no sncw above. i .
) . : , S

On the basis cf hls observatione, Malmgren affirms that ice 1s

- characterized by a thermal conductivity considerably greater than '

that of snow and water. Thie queetion is of primarv importance

‘in. procesees of thermal interchangee occurring between gea: water

' and air through the medium of ice. Together w1th that of epecific

heat and of the heat of fueion of ice, it 1s examined in detail in

the fcllowing works- V V Shu]eikin, Moscow 1933, and h N Zuhov,

':Sea Water and Sea Ice, Hydrometeorological Publicatione, Moecow 1938

i}
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--ASnou on. Ice. "~

The enow blanket on ice plays an 1mportant part from the very

'~,\beginning of the formation of 1ce to ita complete thawing out In

- the initial stages of -the -process’ - when ice cryetals _appeer 44 sea .
.water g BnOWfall can contribute considerahly to the formation of '
..i°e° "a ;ifffwf 'iﬁ;r‘ff ‘

ol

As wer kncw, concentrated brine sometimes accumulates on.the

surface of young ice, the snow ‘which- falls into this brine creetes

a. cooling mixture, the comparatively low temperature ‘of the

cooling mixture contributes to. the hardening of the upper layer of

T ice and to rapid thickening of. the ice coat In this case-the-snow

;wlseems to 1tself neutralize 1ts: protective role of -bad heat conducuor.A A
;; Apparently, we witnessed a similar case- in Tikhaya Bay in 1938

" -when the temperature of brine on. ice and" under the snow was- -3 3 on
‘-,,Ja,nuary 17th, and =3, 72 on Januar-y 18th~
L On evenly freezing ice, on level fields, the cooling mixture ‘

R under the BNOW:: is preserved throughout almost half of tHe - freezlng
'; period,and;produces Qhumidityfyunder the‘snow, Thie-"humidity"
disappears-only.later, ith the growth of. the thickness of 1ce.'
.JgApparently, the cooling mixture gradually turns into ice, in-.
-creasing-the thickness of ‘ice from the top. After such a freezing
'process, it 1s impossible to, clear the snow from the surface of the
ice and obtain a. smooth ice surface, in. sich cases, the -ice 1s very
‘ rough | |
L It is common knowledge that, at sea,. the 1cE drifts, hreaks
,Astratifies, and heaps up .into hummocks, in- the courss of these
phenomena, the snow penetrates 1nto the very thick of the ice.'
,:;One;may‘oftenuclearly;see‘the“layers‘heapedfonvtop of~each othér -

- 'lh.u- :



at times 10 layers ofﬂv&rying_thicknessf~'andﬁfrom the color of

" the upper parts of the layers,: 1t"is evident that snow-blanketed

fields were being,subdectS“to?stfatifibation; ;SuCh*stratifications

harden rapidly'and therice-becomes mbnolithic;‘.whenithe‘iCeﬂfields.

'ibreak up, much snow may be driven under pressure into hummocks

‘which are in process of" formation, and consequently, in time, the

/

n"hummocks may also acquire the character of. & monolithic ice nass.

At sea, the predominant type of :ice. is the hummocky field

- which: invariably.has a rough surface and an. unevenly distributed

blanket of snow, The protrudlng ridges and hummocks play the part

“

of" snow. barriers, and around them there accumulates nmore: snow than

-on: the -smoother sections., Owing to uhese ‘sams . hummocks, the ‘snow
"-‘may in ~some places constitute crumbly snow drifts, and - in others be

*.:beaten hard by the wind The uneven distribution.oﬁ snéw ontce

has a very strong influence on the- development and the character of
-the transformations of the ice surface at the time of its thawing,

thus, mounds, hollows, rivulets and poole ‘appear 6n ths ice giirface

at the,timevof’thawinq;- The - snow thus. plays an’ important role in

:the thawing of the foe 1tself.

- The density of: ths ‘layer of snowion.the-ice*Varies'asfmuch'as‘

-does the thickness of the layer itself In calm weather, when the

- 8now. falls unhampered there accumulates a: deep crumbling laver of

\

. snow, consisting»of,fluffy;snthflakés@ ’When'a'snoufallfoccurs at

a low atmospheric temperature -and with a fresh windﬁblowiné,‘the
. i . - ' . \

. 8now becomes. powdery. and ispbeaten-intb afdense~mass;”on‘the Jummocks
.and around them there accumulate -BNOW, drifts of various density, .
The densest snow, however, forms at - the time “of" cold snaps’ and Vvery

:strong.winds,;when'the-sogcalledm pozemka'- sweeps over?the%surface of

e 15 -
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the ice and the Snow - acquires all the characteristlcs of minute dust.,

It would seem from the above that when measuring the thickness

h

-.of :the snow blanket o’ the ice, the density of the - snow should also

B AN
oL \

be determined. vdﬂ~*3F %ﬁ”‘

‘The snow blanketlng the ice of polar seas may not always ‘melt S

= Con

completely 1n the course of eummer, when preserved until the next

year, it freezee through and through forming fresh 1ce on the eur

<
|

‘

face of sea 1ce, and s eimilar to neve.““

Lo

Ae evidence of the varying characuer of snow on 1ce we give

»

below a few measuremente of the thicknese of the 1ce b]anket in the .

s S

7Kara, White and Eastern—Siberian eeas.,;v;

';fMeasurements of the thicknees of enow effected by‘the author

- Kara- Sea . Western entrance into Vi kitzky Stralt | August 23,
o 1937. The layer of snow on the fleld .>lO 15, and
o o ,l— ":;' - ’200!]1. . . P . . e B RO _‘ R AR .‘

';;95,3?5 ‘Weat of Zarya Peninsula. September PO 1937.vaayer
' of old enow - 19 cm, layer of new snow 5 cm. '

T est of Zarya Poritneula. September 25, 1937 ' Iayer
- " of old snow - 20 .and- 50 cm; layer of new snow 18 and
18 cm; general layer of snow - 38 and 68 cm., f; L

White.Sea‘ ‘ Central part of White Sea Basin. March 19, 1937
S Iayer of snow - 1(5 and 2 cm.-f“ '

~

\ 4
‘Measiirements of the thickness of snow carried out by F Malmgren
durlng the. drlft of the Maud in the Eastern-Siberlan Sea in_

1923 l92h

'>~sé§£émﬁé§jt* C 1:Ice, frée from snow R bs
_October . . doe L ' o
November 30 . "‘?3-h cm 6f snow

-71924

:“*FJahuaf§*lﬁwf”“ g :about 4 om of densely settled /snow o
‘ " 31 N ’4- cm NI '"u‘?:-'-."," ;

February 28 HEEPPENEE ) 14_ em " R Se wooRT

" ; i e PR P : PR
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~ ~192#:kconthd;)fifjf?3f

* ‘March’ 30ifaff*?3eeveral cm of snow, hear froet on top of 1t

April 6 ‘ n..eeveral cm of dense snow ;
i 18~ 1-2-cm’ of freehly fallen Bnow on top: 6f  the
: ”}_\Vold 8Now - S
gt '"“3“25"*:3‘ - ‘geveral cm of snow hardened by the sun’
May 12 . }v{h-5 om, of crumbly snow -

'Measurements of the thickness of Snow effected by

* K. Tairon in'the ‘Kara -Seg. in . 1927 EEE I S S
(See K. Tairon, Types of Tce on ‘the eastern shores

of Novaya Zemlya,- from Matochkin Shar to Medvezhi

Bay, Notee on Hydrography<L Vol LV 1929 )

o Meaeuremente were effected from April lst to lOth near Cape Kankrin

p‘.

in the hummocke on the ehore.. K. Tairon writes' [‘ '
ten ;/ SRy
The intervals of even ice between hummocky ridgee do not
exceed 1/2 km, they are mostly 50 to 100 m. -Owing to their ,
protected location, the intervals are covered with unusually .
desp. snow blown in the winde. Near the. hummocke, : s
3-meter long pole sinke entirely into the snow with »
u,breaching the ice.. o : OCPEEA

.Theee examples bear evidence to the fact that the layer of
_‘ ANow Q' ice may be very varled° As regarde the significance of
. Snow: on. ice we shall repeatedly return to this question in the
future.~ | A ‘ . i » |

’ Plankton in Ice.

NI

Theﬁterm plankton appliee to Small floating organiene
whlch 1ive in varioue depths in the sea or in freeh water baelne.
| Phytoplankton belonge to the world of plante, zooplankton to the |
animal world Plankton exlete in all polar. eeas, extending to the
By very Pole, as evidenced by the 1nveetigatione of - the drifting station

North Pole ;'which was’ headed by I. D, Paparin.

-

When freezing sete in,_part_ofvthe planktonICOntainedsnear'

the surface may be frozen into the ice‘ Either the entire phyto-_

plankton, or moet of it contained 1n the layer of water which is
undergoing freezing, may be locked in 1ce. Ae regarde~zooplankton,.i

- 17 =



slderably part of it wi’ L

;fspots gradually grow darker flrst brown, then dark brown. Oﬁ

. ever, so-called dirty 1ce may be seen of en enough

e

which possesses a certain~mobilit§sfitfis hardfto'saj;how.much of

St may be locked in ice., It may. be presumed howeVer, that 8 con-

e,caught in the ice. Plankton organisms

"appear to be very sensitive to”iven minor fluctuations of temperature,,

_*and may- partly perish evan before freezing sets in.">

Usually, plankton 1ocked in ice is not immediately discovered,

Tt becomes noticeable only in the second half of the fre621ng

"period when, during the process of hummock formation, fragments of
i,ice fields heap up ‘on ‘oné another.: Then does it become apparent

" thet the ‘lower part of" an ice-floe has a lightbrown or pink coloring.
. If you take a chunk of such colored ice and.melt 1t in a glaes " you

fiwwill obtain a: muddy, ash-gray eediment : The presence of plankton in

ice is best revealed in the period of thawing.~ Pink spots then

'1appear on the surface of the ice, ag thawing acceleratee, those

?old ice plankton is sometimes go. thick, and 1ts color 80 dark that

it convays the impression of mud’ or d1rt

'(In addition to plankton organisms which during freezing, get 1nto

the ice from ths sea water, there are various groups of :organisms
which develop in summer on the icse itself mostly at the bottom of
fresh-water pools and lakes forming on the surface of -ice owing to

. Bolar radiation. Accumulations of such microorganisms may be very
L considerable, the brown and deep brovn spots mentioned .by. the author
- may often be centers of intens1ve growth .of - euch microorganisms.
Editor 8 note ) ' , R .

The presence cf plankton in ice does not occur evervwhere and
at all times. Extensive areas at -88a may be covered wlth nothing
but pure ice, in whioh there 1s no trace whatcver of planktonﬂ: How=-

Plankton in ice is an 1mportant factor, as 1t plays a consider~ o

able role in the melting and destruction of ice. ,This question will

s

be examined An: detail in the section dealing with the thawing of ice. L

..]_8-



Structure of Ice,

_ While using the abOVe tenm, 1t will pe understood to mean not
: alone the crystalline structure of primary (pure) ice, but also the
structure of secondary, and in general of sll categories of sea ice.

Basically, gea ice is a* “culiar conglomerate of the following

components. of pure and fresh ice ok stals, of brine contained in

e,

, the cavities which have fermed between crystals,‘and finally, of

air, or more: prec1sely, of 2 content of gas. The relationship be-

- tween these component parts is by ne means a permanent one, the

| ratio varies in connection with a n; ';of circumstancee, which have

, Wbeen examined above. '

R

) Consequentiy, ice is no homogene s body,'even'whenfit‘has.

formed ‘as‘a result of normal freezing of water in an absolutely
'r~;calm sea.’ Despite the complexity of the conglomerater however,v
__;one may, in this case, detect a tendenoy toward a. certain order in
/ithe distribution of cryetals" the crystals mostly assume 2 vertical
itip031tion. This may be noticed in the thawing of young ice, which
"\has formed a short time before thawing begins.‘ In the upperalayer
pﬂiof the field the d131ntegration of level fields of such ice is .
,’isimilar to the breaking up of fresh~water ice into Vertical needles.

™

;iThis phenomenon occurs only in the upper layer of the field showing

s

2:,jabove the water-line, deeper salt ice is usually not characterized
"by a deflnite structure, and no breaking up into vertical needles
.may be observed ” When ice has formed in windy and stormy weather,

! . s J,./

*g*its structure is somewhat different Primary ice crystals are con-.‘

,Hnsiderably more brok ngup, and their free21ng is disorderly, similar

fto that of snow~and ice slush One may thus distinguish two types

of ice*structure° one is that of ice~which has formed in calm water,

- 19 o



the other, that of ice formed in & billowy sed, * The first 'type

_is usually called needle ice, the second epongy ice.

In nature, however, neither of the :two. types is encountered in

Lyt

its pure state. Ueually, the ice which predominates has to a

lesser or greater degree aqeqt'”[‘stratification and piling

_.f?om _ verv beginning of~ice-formation,

bg~up.‘ These processes oce
w and find their most decided expression 1n the stratlfication of
young fields., In such case, if a field of thin’ ice acquires two,
“ﬁthree or mors.layers before a snowfall ocecurs, brine -may be fOund
lgbetween the, layers, and may ofteh emerge onto the surface of ‘the
m field.;’vasnow covered the iceﬂ Tayers of snow or of cooling mix-
ture will be found in the stratified ice. Clearly, the general
structure of such ice will differ from that of the first ‘two “types.
'_”(See Fig. ?)ﬁ_, ,ﬁ..,,g» | | R } .

In addition to stratification, ice fragmsnts pile up into, hum-
:'mocks, which are partly submerged. when pressured, or are heaped up
'LfHOn the surface of fields. It,shouldvnot be hard»to»imagine whatl
mixture ‘results in the core" of the hunmoch. 'Itfconsists:of j
» iice, snow, brine air, crushed ice and water._ In“conseduence‘of”the
- vpressure, part of this mixture will become a, shapeless hard mass,
?wlpart of it will remaln on top of the hummock in the form of fragments,
i'which will gradually Join and knit together under their own weight, /‘;
’jhthe greater part hoWever, will sink 1nto the water, whsre the ST

formation of ice and the freezing together of fragments will con-:_,
tinue, the lower parts of the hummock may also be subjected to
Wa more or 1ess intensive washing away by the currents. Tnus, the(
: ‘general structure of hummock ics will differ considerably from that
"of the ice of a level fisld. ’_;”;_‘ ~ye1¢;“f:i‘“~vbf*5;£}€aﬂf':“%‘

B R=Nr

In the process of hummock formation, particularly during drifting
- 20 -
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and inter-fricfion, deceris ground into: powder, 1n frosty weather
this powder. resembles flour, while in warm weather it 18 similar
.»;to.snow-slush Heaps of such ice pewder later freeze into ice, but
the structure of such- ice will differ from all the categories men-
tioned above, and siich- ice will contain much air. e )
Thereafter, when thawing sets in, the upper layers of ice and
..the snow It particular will produce fresh water ‘or a watery snow |
'slush .on the surface of the ice, it will in part flow off the ice
»1surfece, and, in part remain in hollows on the ice° In pressure
ridges, the fresh water. will flow along the fissures and the inter-»'
.1 freeze sgain in & new cold snap, this process also affects the,
.'peculiar structure of the hummock.r»":‘-“’ . '“7”‘;j<'ff€\m N
The so-called sncw sludge (snezhnra)‘has a peculiar"structure
cf its own: it is a slushy, soft ice, differing in’ color from plain
1ce and originating from snow falling in frosty:weather onto the open
surface of the sea, or swept from the “ices fields into the leads. )
All the aforesaid gives a fair 1dea of the diversity and ccmq
,‘plexity of the general structure of primary types of ice, and, par
'ticularly, Of secondary ice formauions. s {ff? tjf'lf,;jfjft |
Glacier ice - icebergs and their fragments - also has its pe- -

Ly

'culiar structure which we - shall not deal w1th here. o

) ;Solidity (qtrength) and Hardness of Ice. :33"$V"‘

The knowledge of the solidity (strength) of ice is ‘of, great

'importance to navigation end for the work of ships sailing throughﬂ

1ce fields.“f,e”shall therefore endeavor to glve the reader an idea

of the comparative solidity (stre

't_h)_ of—: various types of 166 which
1.have a different appearance,.:'hrvuu B A ‘

S ’ .
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“ice, and that solidity-

in salinity, it 18’ possibls,”

"the temperature i‘a..fl.s."=

' In view of the Crreat diveisity of structural peculiaritles of

- 868 ice, 1t is rather hard to classify various types of ice accord-

25

‘:ing to their solidity (strength) waever, taking intOVaccount the

B very 1mportant fact that fresh-water ice is the most solid (strongest)

a lardness,dscreese with-increase

on ~he basis of. experience to draw up

"the following approximate scale of types of ice, classified according

A to degree of hardness (at the same temperature)

3 Eardest ;l. Glacier ice, icebergs and - their fragments

The de-salted surface of old sea’ 1ce -

s el e s LREURLLE ST pigpg years old pressure 1ce.‘

o dm it éf The””Core ef hummocks, formed by pressure
e (when thawing, go-called héneycombe-ice’
results)."

One year old hummock ice and its fragments.

Thick levei fields and uheir fragments. .

Thin fields and their fragments. j

P““Eard frozen primary ice (Nilae)
Very crumhly 8 Slush and young ice. R

This scale is but a very rough outline, for each of the these

gtvpes -of. ice there s s p0ssibility of considerable fluctuations

in hardness. This appliee particularly to 2 h 5 and 6

“”should al80° he remembered thet the eo]idity (strength) and hardnese

¥

of ice depend 1argely én its temperature and that they increase .as

Tt e common kndwledge that many years old sea ice (2) is

in fact pressure icei- fie]ds and fragments of hummock fields.w,

o ,The upper layei of such ice consists of fresh ice, and the older .

gfthe ice, the thxcker ig the layer of de-salted ice. Consequently,

,

- 22 =



the solldlty (strength) of this de salted 1ce w111 increase as the - .

{.t

%

';”ioe grows older.s In accordance with the above, in ‘the’ Central Polar

DY

Basin, the upper layers of the polar pack are similar to glaoier ice.

.as, regards st acture and solidlty (strength) waever, more crumblyu

‘1ce -may be. encountered together Wlth old ice, the result of the

freez1ng of crushed ice and small chunrs into smor021 . ~In-the‘

vperlod of thawing this ice is crumbly and granular, particularly

when 1t contains plenkton, HoweVer, the presence of plankton stains

shou]d not be taken as a enga of crumbly ice - later in the fall such

d

1ce mav turn out to be ver Ml.rdvj This occurs when ice has formed

through the stratificatlon of pields containlng plan cton; ag. they a

thaw from abo ;5. separate layers produce a sedrment of plankton on

the surface of lower Jayers, which acquire lncreaSedfsolidityf?i‘f'

(strength) when melted fresn water freezes after;the'periodlofﬁ7 N

T T

,l One-year old‘pressure ice (h 1s considerably less hard than

several years old ice because 1t is no topned by a de salted

surfaces layer. The solldity (strength) of one-year old hummock

.2,

'flelds may vary, dependlng on the saeson and on the degree of pres-

sure undergone the greater the pilinp un of hummocks and the

nearer to the thawinb period the more will there be hard ice on the.

LN

f~field v At'the.time of breaklng up of hummock flelds 1nto floes

- and cakes, one may encounter 1ce Ol varylng SOlidltJ (strength) and

the nardest f ll WWllth the' cores of hummocks (3) Agglomera-

tlons of crushed ice will be crumblv and sticky, and 1n the event of

e

thawing, so-celled (smor021) Will aleo grow crumblv and stlcky

The above-weter part of thlck level flelds ()) con51st of

Co

.falrly hard 1ce particularlv when they»have formea ag | result of

stratiflcation. Thin, level fields (6)Vare considerably less solid
| <23 .



B thickness, In addit

(strong) - In the ini+ial period of thawing, interrupted by
'Voccasional cold snaps, ‘" crust of de-selted and therefore more
"3solid~(stronger)”10e may form on'the surface of either'of ‘the above

'fv;zmentioned fields (5 & 6) but such a crust will o' insignificant

3 Vyf snow affects the solidity

"(strength) of thin fields (see para;.’Snow on Ice )

Ice of the herd-erZen slush ice (nilas) type (7) 1is not solid

- (strong) at all 1t is rather crumbly and plastlc (pliant) 5~cm-
'-fthick ice is not solld (strong) enough for a men s weight, even when
it is 5 to 6 cm thlck 8 man may not stand for any length of time

.-onr one spot - the ice will gradually bend anq break Primary types

of lce,,wnich may be distinguished by their dark oolor, are so f

;elastic that they do not crack when raised oy the swell - they bend

in conformance with the curve of the swell. Young ice (8) is still

less solid; slush (8) which consists of disjointed ice crystals
.»hae, of course, no solidity (strength) et all as an ice blanket -w ,

-ong- mayg however, speak of the solidlty (strengtn) of separate 1ce-=.

I

crystals.

—Colorlof Ice

The various types of ice are characterized by specific color-

2 Ang.: In some;- cases, the differences in color is inslgniflcant in

other cases, ice stands out owing to its color as ‘or example in

Ks

-.vvthe event ox plankton spots. One may also detect a difference in

~ ‘the coloring of ice in the periods of freezing or thawingo.

In the period of free21ng, the bas1c hues of ioe are as fol-

lows., At first, young 1ce is transnarent - its color on weter is

:therefore dark the slo"er the freezing, the longer does the ice‘

iremain dark As,the ive gwows in- thlckness, its dark colorlng o

' f' gh -
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gradUally cha 8 to dull darx grej, thereafter 1t llghtens, o

reaching light grey at, the tzme of* formation oft &, thin'field

;Only a+ this third stage does the ice, acquire 1ts natural light

green color over the entire thickness of thc field a8 may be.- seen'

’ _from vertical crevices., Whereas in the initial stage cracks keep
hvtheir dark gray. hue’ below water as well as. ebove water and this is

e characterisfic property of (nilas) ice. 3 'fﬂ f“‘f“5

The coloring of fragments of fields formed by stratification

-:is characterized,bJ stripes, provided 8now. covered the ice at the

‘ time of straciflcauion.m,~

If, however,. the ice was not covered with snow at the time of

[ - S

;stratification, stripes can scarcely be detected as the Joints
.__ngadually disappear and the resvlt is an even light green coloring.
T‘The presence of plankton in stratification may give an additienal
: ;colored stripe eeove the 1aJer of compressed snow, but this would

;1not be light pink as occurs on. the lower underwater part of an

;5 ice floe - it would be a pale gray, differing on]y very slightly from

-,

the color of snow.

Owing to the fact that in winter, ice is usually snow-covered,

! the general coloring of the ice clad sea ie white, and when there are

leads of clear water, the letter seems black :'The snowy whiteness
of the ice surface is usually broken bJ hcaps of newly formed hum-_
mocks, which .seem greenish compared to the white snow. But when

the hummocks are blanketed with snow, everything is again whlte. ‘On

" rare occas1ons, however, ice fragmente,of a’ bright, pure, ligh t~blue -

hue may be encountered ' No trace of stratitlcation is visible on-

.......

tain blow1np out (efflorescence) of the salts has taken place. =

\
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.Owing to its duller hue,‘crushed,.small»chunkiiCenstands:Out
on the rough surface of the general whlte*background . Ag 'thé
thawing see;son - approaches, accumulations of crushed (brash) and

»small-chunk ice gradually change in color. and acquire an. 1ncreasingly

_gray hue . when plankton i'l>h""€""th 1color1ng,is-p1nkg ‘and laterb
:._changes to brown. " . | | o
. Notg should be taksntof‘the~rather sharp difference‘in,color
of two types of 1cer »"snezhuraﬁ-(see f, 95‘& Fig,,SB), enﬁ "kasha'

(see P, 9% & Fig, 37). Cheracteristic of these1tWQ5types_ls'ﬁhst
theyhfloet:slmost entirely beloufthe weter»leVe13~they”do:notfemerge
. Onco the surface, onlyvhouching'it.slightly fromsbelow,'-“énezhura"
’ is often Jellowish (cream colored) and has the' aspec+ of submerged
. snow.‘vlz kasha 1s of ‘a dirty grav ashen color, partlcularly ‘on
the border of dos and. clear wa+er, where it forms as a result of ‘the
breaking up of ice by the swell | .‘ |

The coloring of- the surface of iceé cheanges considerably when
,thawing sets in.‘ First of. all, the sriov which hos begun to melt,
‘grows~‘hlue o As the snow melts away, the ice is bared and 1t ac-
(‘qulres.én,asheneblueihuei-»1t“alSo»grows-‘blue . The:de-salted Sur-
face of old ice preserves ‘this ashen-blue hue through the entlre 3
'thawing period prov*ded there is not the slightest Film of plankton
on 1t, ) s ' |

Most characteristic in the mhawing period 1s the: color of -

.ice-floes, where plankton 1s present ‘both on* the surface and in

»:Athe thlck of the hce,t On the surface- -of thawing fields and in®

N

1

’ hollows where melted watel accumulates, there often are’ thick layers
hof planhton film the coloring of which may attain dark brown,

sxmilar to. coffee dregs, when thaw1ng starts, the first to dlsappear
o i ' -6 -
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“are crushed 1ce and smdller dhuﬁ?é, wh%oh‘*{ﬁ“wiﬁtar; nere:of

-a pinkish hue, therefore, in summer, the small-chunk 165 located
between»ice’fieideﬁoften aequiresjafcolor"lighterithan that'of~
~_the fields. ‘Thus, in’simier, the coloring 'd’f-'iée “t"‘i‘eiﬁéﬁahd“df

. broken ice (see P, 91 ) is the exact conbrary of that prevailing

: .
NEGSTRE

in Winter. » )
: I;arlger;si-z'e“a floss of bf-c;ken*:z«ée have the seme 'cbi;bfi‘;ié as
the fields from which they origlnated.

- In pracbice, 1t is alwavs urgently necessary to dietinguieh
;hardrice fromﬁmore crumbly~ice,4 Thie may only bé’ done-by the knowl-
edge of varioue co1ors of. 1ce by discerning ecarcely perceptible -
daifferences In shade.‘ These necularifiee will be studied in detail
-'.in the eection dea1ing with the deecription of various types of -

- ice; here, we enall but note certain\differenoes in the coloring

of ice-floes of various eolidiny (hardness or‘strength) Both

in eumner:and'infwinter; seatice-nﬁiéh'poseeesééiifehérerage- K
 norne1fpropertiee;.usuelly nes 1ts onn'distindtive 13gh£‘grééh“hﬁé.

When & Tlos of. light'gre,y-blué 'ooloi*“i'e encountersd in ﬁﬁéznmsa‘t” |

of such. ice, there can be no aoubt that 1t conslsts of de»ealted
“and therefore more solid (etronger) ice. More dlfficult to define
by their ~color, but actvally Just ‘as solid (strong) as de-saTted

ice, are the " cores “of hummocke. They ars mOSuly of a normal 4

light green hue, with" occa81onal lumps of dqu gra; or light blue. -
»Characteristic of the» eores of hnmmocke ie thelr rounded shape and

their.honevcomb'pattern.‘.oo-ca1led dlrtj 1ce" may be' of varying
_solldlty (strength)“\ as' a general rule manv years old 1ce is -
vharder -and dirtier end ite coloring is brown, Whlle Jounger ice ie
- more pinkish in uolor,v:Howaver, ice which'ie at_the seme time very-

[
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N d,i_rﬁy anf'i i‘ve‘ry crumbly may also: be encountered: thawing clumps of

Qmshe:a:"\ic,e which had been frozen over; it .can eqsily!bg digtine

_ guighed from older ice.,

i~



| %f] keting'the eea'ae,a~whole. Beeically, ice thawe in’ two ways’i from

S oL THAWING OF_ICH.

The thewing of “ice" will be studied exclueively from its outward

aspect and qn’ the sequence “In wnﬁeh it takeS‘place in the ice blan-

the air,\i o from 1te upper eurface, and from the wafer in. which it v N
floaue;» Thawing‘ from~the air 18 conditﬁoned by two clrcumstances'

1) by thé absorpfion of direct and eiepersed eunraye falling onto

‘ the 5ce eurface, ‘and 2) by fhe 1nflux of heat from tae warmer air,

 Beparate, bared: fragments of ide located on,the'eummip Qf'hummocks;

- Thewing "from ‘the w&tefv»occurs‘at**he expense of the heat drawn by

the ice from the water. . The speed wlth which the submerged part of
bhe ice me]ts depends to a great extent on whether the ice floats in
calm wa+er ‘or whether 1t ie be;nq inceseenc1y waehed by it. he

s

procees of thawrng and deetruction 15 greatly: epeeded up. bv the direct

v mechanlcal action of water on ice. o

' f"'Meitingwh:s.ch is cansed b"y,»the..dir‘vee_t_;abeerption of sun rays by

©ine 1ce starts 1ongabefore~geueralvthawingleeﬁe~inéfrTe begin with,

the' sriow blanketing the ice starts thewing; at the same time, only

-

'35166'éfért”thawing.wtﬁnew'thuthampers,the'melting'of“iee,*pleying a

ro1e 51m11ar to. that\lt aleo -agsumes in the freezing period When it

delays freezinga. A consiaerab1e amount of the thermal energy of tne,

" sun, absorbed either direct ‘o drawn from the warm alr, is coneumed

by the thawtng of sriow. Eewever a8 ev1denoed by ebservatrone ine

'Northern~eeae “thig thermal energy provcs ineufficient for meltlng

the entire layer of snow 1v1no on the ice.‘ In most caeee part of
the enow remalne on the dce. until the latuer starts tnaw1ng under the

effect of heat supplled by the Qeter, and often up to the complete

'dieappearance pf;ice;'thte-may,he,observed_not en;y?in‘Arctic seae,‘
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butvalso in seas where. lce is:eeaeonal.~x(Thejtsrms,¥hrcticueeas"
.. and "seas with eeaSOnal ice are being!used'in;conformance with-the.
. claesification of seasg given in Chapter V. )

Ae previouslv stated the thawing of . snow starts quite early,

even with freezing tempeal i;vailing;}n-the:alr; eigns of

_the thawing of snow.may already. be observedl However, in cases of
__early;thawing-onwthe-eurfaceiof thé snow, an 1¢e crust lmmediately

-formslthe noment‘the~action of the sunrays has et0p§ed;',8uch thawing
. is'ineipnificant particularly in*Arctic‘seas;” Intensive thawlng. -
starts only when the alr warms up to above: freezing temperature.

During thaw1ng, crumbly snow, settles down and gradually

Lchanges lntola waterfeoaked enOW'slush' eettlingvdown‘occure to
- 1eeeer,degree»in more'compact~snou. The . entlre procese ‘of - thawfng
_of snow is further compl*ca+ed and delayed by the fact that spells of
thawing are interspersed with freezing epells.v As a: reeult of slaggish,
.protected thawing, snow 1n Arctic seas may often get no further than
vto a state of watery snowy slush When the new freezing period eete in
once more,,in such oase;,: this -8lugh. again freezes over until next year.,
' In clam, windlese weather, the tnawing of. surface snow and ice, pro-.
‘voked by contac* with warm air; occurs Very slowly, because the layer
,of warm air contiguoue to the ice and snow- coo]s down coneiderably upon
/yi lding its heat for tnaw1ng A1t therefore growe heaviervand remains
near . the eurface of the ‘8nov and lce, and 1e unable to rise and be re-
placed bv warmer air.A In_wlndy weather when the lower, cooled layer
'of alr intermixes wlth wermer alr tbaw1ng is accelerated |
. In coneequence of tla great heterogeneity of +ne~enow covering i

”thelloe -. .88 regards both thicknsse and density - (obeerved not alone'
K :on hummock ice but also on level flelds) the eurfaoe of “the latter

P
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acquires an exceedingly uneven - aepeot while ‘the" thawing goee on:
wfthe ice is bared in:scme’ epote, in others, ‘hollows: appear which may
develop into through pools and rivulete, by way of which. water: flows

Aoy

~down, ‘ .
It is evident from what :,,.Wa_ls -ga1d above ‘that the thicker the':
‘glayer of:enew,vtheislewer.will_theimelting]of ice be;.in écﬁé cééee,
most of.tne;heat eupplled.threugh tpe upner'layer‘of'the‘enon?tlénket,
: ﬁill-be»consumed by the thaﬁing qfisnow alone.f-In7order te,b%:ih‘eV
;~geeltion_to‘meke'a;forecaet of»the*thawlng efiice; information on’ the
ttlbkneee!of the"leyereefienon‘blenketing‘the 1ce'193therefore{6f:A
- primaryelmportance;_A-"-~;‘ _7 | ‘ . | k
.- Before takingruj‘the etqu-Qf€the-thawing”offieé ﬁreper:'it?le
~”ne,‘.ceesary:to point out that the time when thawing bégins 'v."deés“‘no;ﬁ*com.
Cideiwithjthe‘time,ehen freezing 6njceeeee;'"Inveetigetieneféfiiee |
A._temperaturee carried oﬁt'byrF,'Malmgren (eee'pege 12) ghow that®
: :freezingwon~frem»below continuee:even after ice has started thawing
ge‘frem~aeove.: Andrtne.thawing of snow starts much before theithewing
efbiceltreperl‘.Consequently,etheegeneral‘peried ofuicefeterlepe3thef
_vperiod,of freezing during a considerabls length of time. iThﬁWlﬁg{'
seems to.etruggle againet'freezing, firet'bn-the‘eurfece;'mEinlyfin
. the layer of snow, and thereafter in the layer of ice..bgflfiu“t
| The duration of the period during which both processes, thawing

,and fr6621ng, run parallel or fight each other, varlee aecording to
latitude. In eeas, located in lower latitudes and eovered Wlth only'»
seeeenal ice, whl,n dlsappears completely ln summer, the freezing-
and thaw*ng period 1e the shortest In Arctlc eeae, tnie period laete

considerably longer but the time comes when, here too, freezing doee

' csease, although it may not be etated w1th assurance that freezing ceases

- 3L.-



completely;intall«seotions of;_-thf'e.se}‘seasjandwhatever“‘_the:ccndjit‘ions°
. Thus, in Arctic seas,aa.ooﬁsiderahlezahouht of lce 6t1ll remains un-

—_thswed.when-the;né&ffreezing\periodnEets"1h;v~In*thie“coﬁneoéioﬁ; 1t

K.may be presumed that in the more northerly sections of" these seas,

.where' & powerful_pack pre@hg'”' ’ihe supply of heat is smaller,

!freezihg-onssometihes hever~ceases,“even in'summer. It all depends
,«oh‘the-generalfthermal~state'cf the sea in'the"gfven'year.;=
Finally, in the Polar Basin, the conditlons of" thawing differ
,Q;from those prevailin ‘in bordering Arctic seast “here, as a general
;grulsa.freezing.never stopsicompletelyj; it ohly conslderably ‘re-"

:duced -during the . thawing'period. This applics. to the ‘baslc type-of

";ice of the Polar ‘Bagin =~ to che large, many years' old hummock fislds

':-,of the so-called polar pack.v As. regards the thawing of other - types of

' uilce which may: be encountered in the -Polar Basin, but which ‘are a comparas-

—

tively few, they wilk be dealt with’ later.

Simultaneously with. the beginnlng of thawing of thée -enow covering,
there also bevins the surfacc thanng of the uppel, bare ice topping
' theshummochs,. The thawing of ice proceeds with more intensity ‘than
:that-of snow, hecause-ice is a better conductor ofgheat; &nd contains
"air’ahc brine~(aﬁ§,sometihes“planktoh)t T | | |

. (The brine contained in cavities absorbs solar energy with more
Intensity than does the 1ce. This explains the part played in the
process. of thawing by cells of brine and by other foreign bodies
contained in ice.) ,

Owing to its darker color, 1ce has a greater capa01ty for

S

absorbing solar raye mhan snow Wthh reflects fhem.e As regards the

Ca '.»‘

ice located on. the summits and slopes of hummocks, it is in a

- . v

favorable pos 1on for thawing as solar rays may fall on 1t at less

sharp angles than they do on a horizontal surface. o

vy . - .3 -3 4 . 4 ~
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»,vihc first. slgn of, thawing.of" apper fregments of ice on-hum-"

- mocks is the appearanoe of icicles.on. the protruding angles. This

may- be observed immediately fol]owing the first -sunny days. -‘There-

after follows a. considerably rapid sectling down of the entire hump

."mock ridge, while the wa+er produced by the first thawing or upper

E;fragments flows down into tns central part of" the hummock here it

freezes up. agein, forming a- oompact mess of 1ce, which will be very
slow Yo, thaw. | |

..The. next type.of'iceVdueffor7disappearance:isacrusﬁediice;fpro-
vided it hasg not been compressed but‘iloats ina thick mass in: the
.poo]s The thawing of this type of ice is accelerated by the water ;

which surrounds it and whose suriace absorbs hea+r1ntensely. Fol-

low1ng crushed ice, cakes and chunks of ice also begin” to diseppear,

the smaller the«chnnks‘into wh ch ice 1s broken up; . the faster it melts..

Accumulations or- fields of/cemenued cruehed ice and chunks are

”also subJect to early and rapid thaW1ng owing ‘to ‘gsurface warming.

wﬁThey are chareoterized by porosity and by lack of: solidity, and

ftnerefore\thaw quite~rapidly.«~Characteristictof the thSWing‘ofﬂ'

4

y such accumulations or flelds is ‘the absence of pools of weter on their

—

suriace. the wster soaks freely through the porous mass. The ;

entire fveld (smoroz) grows crumbly, but\not watery, and breaks up

easily,\ Li B

The groun.of'so-calleé "nilas ice (comprising young ice,'
slush;vetc ), Wthh has formed on c]eer petohes of water Just oefore

'thawing sets 1n, belong to the categor of ice melting early in the

'thaw1ng season.A Thin ice fields also thaw rapidly., Eowever these

ftypes of ice melt rapidly from surface warming onlv when they aave

formed as a result of normal freeziug over and neve not neen subjected :
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to rafting and stratification. in +he latter case, tbeir thawing
proceeds much_slower.. On theee later formatlons, the 1ayer of snow
is insignificant and there?ore does not share in delaying thawing

Fields of thin, dark (black) ice disappear fast enough when o

the sunrays reach them°>' them, gradually Joining
each other, and thereaffer the remaining ice fragments soon dis-'!
appear.l Thin, light-gray ice melts producing pools, while ite ‘
‘thlcker parts bulge up in the form of crumbly mounds, which have the"i
jaspect of hillocks of a 1ighter hue. - A certain’ degree of similarity_
' is to be observed between the thawing of nilas" 1ce and the thawingE'
of fresh-waterrriver ice. When aflected by the hest of the sun, the‘

’ latter breaks apart into vertical needles . These needles have a

\CJ .

gpolygonal section, ‘and’ are thick enough as thick as a pencil ianﬂ{

[ K

nilas ice, needlee are considerably thinner, ather slmilar to
'bristles, they form but 1n +he upper part of the 1ce, while lower down
' they form a mixed nmass - of needles, in addltlon, their coloriné is o
1ight gray, not transparenu and colorless, ae is fresh water ice..;"
The. nuclei of such needle formafions are. often noticeable on level

flelds, but then onlv on de salted surfaces.

Level fielde of thln ice thaw from the surfece, in the sams way
as does theA nilas ics., In the initial stages of thawing, when the ;’
first pools starc forming, they still keep the structure of hard - o | L
ice," and on]y dust before breaklng apart do they grow granular and
'VacQuire the aspect of a needly, mixed mass, f”:; | L :
Thick level fields, usually covered with‘a layer of snow, asﬂii
well as leVel fields formed a8’ ‘a. result of stratification, melt from i‘
the. surface\in the same way as does hummockJ ice,vwhich means that
’while thawing, thev do not grow granular and needly. the ice dwindles#

in size while remaining hard to the very end. When surfacs thawing

o
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ie intense, pools of. wa ter appear on- all che above mentioned types

nof fields, in time theee pools gradually Join together and the field
?breaks up into cakee, chunks and fragments. Similan broken up ice ’
.‘may form 1n other clrcumstances, but this questlon will be dealt with f

in the section devoted to the dynamics of ice.

When snow malts on a thick f d the fresh water accumulates
'in the lower section of the 1c’ e -face and forme pools, the latter

become centers of thawing.andAcontinue to accumulate water, gradual-

1y growing in elze they f rm so-called "1akes , which thereafter be-

'come through holes 1njplaoss vhere ice is thin, Fig, 7 mav serve ae ,

;%

:‘~' J

ual deterioratlon of ice as a 1“

E an illustration as 1t sho 8 the

) result of surface thaw,;'w”

| Formations published by'the No.‘hernASea Route Administration in

1 1939 It shows a field of one year on light hummock ice in the\“

,process of thawing, with pools which are starting to Join together.g

‘We see’ snow which has not yet all melted insignificant hummocks gy

H
Ve

of early fall formation have thawed away to a great extent In the

distance, closer to the landfast 1ce, we g8e lakes whlch have al—
'ready Joined together and we also see the bevinning of the forma-‘d;
tion of broken ice. Characterlstlc photographs of 1ce in the thawing ,
period may also be found in the Album of Ice Formatlon =2 published
by ‘the. Hydrographlc Department (YMC PKK.A) in 1931 Thus Flg. 32 -
,of the latter album showe the surface of naleocrystlc 1ce wnich has

- been subjected to 1ntense thaw1ng. Pools, whnch already reach through_f

to the surface of the ‘sea are Joinlng together and the ice has

.

reached s stage close to that of broken ice.' The fact that\the ice
is more than one year old 1s ev1denced by ite considerable size and

.by the rounded shape of the thawin hummocks.» The ice has a, de-ealtedg

B

e -
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graybblue=eurface with no trace?of"diet (plankton) .The rivalets .
: resulting Afrom- trickling water flow ‘over an’ old hummoc&.,'HoweVer," /
.5th18 aspect mey aleo .be assumed by one= year old 1oe, provided A

4ffornsupart§0f landfast;ice~wh;chsis closerxtovshore,ebecause;accumn- :

,latlons;qf'iqe<are greatoer, noa : han*inﬁth%fopen*Sea;ﬁand

'.‘the process of thawing is. mo_ tra ,nthe shore.~ R . f Y

7

On Fig.: hh of the same "Album" (1931) ‘Wa~Beg a hummocky field

. breaking up- into emallachunk broken-up iCe. The ice looks like one-

'year old ice, iu may, however, contain remaing of old broken ice el

w1th dlrt which has been compressed and which in the fall hee<
x':.frozen into 8. hummocky field The presence of & - film of” planktcn
on thie field 1e revealed by the derker fragments of ice, cons e
4'trasting with the white hummocky fragments. Unfortunately, plain | |
;photography ig not capable of conveying all “the. shades of the color‘
‘of 106. 7ﬁfg\w,5f}"‘;§v.”“ - v;;uy i“§“”17if7‘*7iﬁ;; .

‘}v We shall now study the thawing of 1ce- from- the "side of the

’~a<’ .

water. : ,;ngrmr"ﬁf igei”,,ijiri f uff? “*fi’%%77‘1¢5 f;fiﬁpu‘**“r‘i L ;o
S Soowe T . . VI . )

The precees of thawing occurring Ln that part of ! the tcer whioh E
is immersed 1n water AsJust ae lmportent ae the thawing ocourring ’ ‘ 'tl
| _onfthe surface. In this: connectlon, 1t should be tamen into account =
A‘rthat from 5/6 to 8/9 of the volume of ice is immersed in the water.‘,'

S
. In favorable oircumstances (when an: o flos has drif ed*into»coma "' o

;naratively warm water) the +hawing of the underwater parts of-the -
floe acquiree,special signifrcance. ‘*?:el's‘“n‘!ﬁ?% ' ‘”;i; S
| The . intensity of submarine thawing depends on the intensity f'} B
awof 1nterchange . e. on.the- circulation of water in che layer adjacent

: to the ice, in the same ‘vay. as the 1ntens1ty of surface thawing de-:'.

'pends on the movement of alr: over the surface of the ice. Some d.:i.e--"'.t

DERIAS v



1
similarities, howevery.-should also-be teken-into aédount. ' As. -
'ifndicated.above;ﬁinﬂcalmﬁwindleeé\weathef;1théﬂparticleeﬁdf air -

cooled” through the thawing process, tend to remain ‘ovelr the Burféce

......

- of the ice, therebv delaying thawing. In- contraet "even in calm

"weather no. such, etandsti N ~ur in the water: adjacent “£6 the '

1mmersed part, of the 1ce floe. The4peason‘for*thie*liee%in*the}fect

" that the. thawing of ice is pey ;d’ty”e'ehar§3dfdp’cf'tenreraturel" )

-and by a drop, in eallnit in the pertielee of- water’ blo8er to’ the

bice, This. produces aAchange»ln density Whlch ‘in turn, stlmnlafes .

the- circulation of waker d?ound the ice-floe.“The ‘achéme of thle‘ ;_,,

circulation mey be quite complicated but the ultimate reeult is

© that. comparatively wa ;‘ eters-are driven -towards the

tmmerasd soction of the 1¢e.:, g |
In consequence cf an 1ntense.1nflow of” surface water, g hollow 3

'.ie grcoved out 1n the 1ce on the level of water, or somewhat below l.l.

it If thls occure in windy and stormy weather, +he circuletien of .

water around the ice floe is accelerated and the grooving procese‘

'develops more rapidly‘_4(See Fig?:

Further erosion of the lce along the waterline may resiilt in’ ;_ .
_the breeklng off of the upper, progecting edges of the 1ce fragment.ﬁ;
It then change5~ite draught its waterline ie displaced and it often lh -
i partly emergee higher above the water and’ chenges ite poeition. An
example of such an. occurence is ehown on Fig 9, where & dotted linebl

'indlcetee the waterline prior to the breaklng off oz*the projecting

N s

'part aleo indlcated by 8" dotted outline.,43”ﬁ*5'd'z
Ae previonsly indlcated during ‘the thaw1ng of the ice—cover from

'1abcve, water reeulting from the‘melting of enow and ice accumulates %

“"on the eurface or the field fcrmlnn pools and* ponds, and aleo flewing

v
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.'oncu t,,c on 8CE oa 1c '—zca, in’;o "eools "\polyna}n end. intervals' be=- .

tween fields. If those poole (polvna) are minor ones and are- located

‘ 1n the midst of consolidated wind-beaten 1ce and flelds,. ‘the layer

of fresh water does not mix with the salt water, but remaing on

the surface of the latter. The ,dept of: such .a 1ayer of fresh

water is easy to determine, sc ex thrown into the water:

sink down after they have soaked for a time and settle onto the salt
water,4 It is thereafter easy to. measurs’ the depth of the fresh water
'layer. Using this method _the author succeeded in meesuring a 15 cm
thick layer ofzfresh water in a. pool (polyna) in the Kera.: Seav: - hei
| laJer of fresh(water keeps intact over the salt water in small pools
onlv, and only until there oceurs’ a displecement of the ice or'an in-
: termixing of water produced by wind or: by the growth in size of the-__. ;
'Ppool As regards pools and ponds on the surface of the ice field

- ~

',their size and the amount of fresh water ccnta1ned in them may be

',‘considerable. On hummocky ice, the depth of: ponds may reach L. 5 my .

H

w1thout reaching through to the surface of the sea. .From‘ampondw

Aabout 15 to 20 square meters lerge ana\l m. deep, about 200 metric

tons of fresh drinking water may be obtained When water dg pumped

¢

ifrom a pool the level of water is scarceiy affected 1t is apparently
‘compensated by an inflow of fresh water from the surrounding surface v
Jof 1ce and frcm neighboring pools., Sometimes, aiter water has been
irepeetedly numped from a pool i+ acquires a elightly galty. taste, TN

which c1rcumstance indicates a penetration of salt water from’ below, J

Such adnlxtures o: salt water may oceur, qulte soon, sometimes after

_20 to 50 T of water have been pumpsd; out of a .pool.. w?,wffwﬁwlw's-‘.w

It often occurs that the sea water underlying an. eccumilation

'of f;esh water in a pool, preserves for quite gomse. time a below- .

<~

! s
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procesds at a slower pace thap ot

~confirmed by the factnthat»w on ]

freeéino tempera ure while the temperature of the fresh water above

[N

it may be higher ‘than’ ‘the freezing mark.} In euch caeee, the upper

o

‘parte of ‘the 1ce washed by comparatively warm water, may etart thawing

much faster than the underlying 1oe.' Therefore, in places where a ;

layer of pure fresh water hag been breeerved, the lower narte of an

- ice floe may: be eeen prejeeting belew the layer of fresh water.

..

Judging from a seriee of obeervetlcn, the thawing of freeh ice

at sea - of icebergs tueirva gme'tskand of de-ealted old polar ice -

thawing of salt eea 1ce. Thie 1e

;1Qieappeare at eea, the last to o

" are. the de-salted fragmente of"ice.r The leeeer poroeity and greater

-teolidity of freeh ice obviou 1y playe an important part in thie reepect

“x,gi

‘ The role of poroeity in thawing stande out particularly in the caee of
: compreeeed cores of hummocke which, in the procees of thawing, acquire

.,the moet varied ehapee with rounded hollowe reeembling pores, holee and

aperturee (honeycombed) Theee fancy ehapes bear witneee to the fact

,,that the ‘first to dieappear 1is the more crumbly ice, leaving behind it

the: more fantaetic outlinee of compreseed hard ice. As regards

~solidity (hardnees or’ strength) at the time of thawing, pure fresh ice

Surpasses even these hard chunks of ealt ice.,_'?: R

) ‘Q, rw.le"

- Whien™ diecueeing the prcceee of thawing and destruction of ice, it

Tiss neceseary to p01nt to another factor hav1ng an appre01able eign1f1~

. cance, namely to the movement of ice with regard to the water, and vice.

Py

'Verea.‘ In eummer, in the period of general thaw1ng, beth the movement

of ice i~ the water and the waehing of 1ce by the current accelerate

melting and deetruction, thie belng connected w1th the innrease of thermal

RN

exchangee between water ang 1ce. Observation hae ehown, however that

l t

in the event of accelerated circulation of the eurrounding water, the
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c_]v:es};ruotvlpn_'of ice may, in some Instances,..occur even. inw1n’cer, S
vnemely';u;regionekwhere;etroug curreuteAarefecti#e‘belowﬁuoti%nleée;”
o,xice; Consequently, the desﬁruotiou of’ioe=maY‘he'broughﬁfoﬁ'hy”the ;bv.
purely meohanicel eroding -action of water on ‘ice- (which of course,

'aleo occurs Ain the thawing ‘per, &

' Simllar obeervations of t Vv:u-,;; rents under ioe Were - |
;oarr1ed .on 1n Tikhaya Bay on Franz-Josef Land 1n the" winter of 1937/38.‘
“‘Here, very etrong tidal ourrente have been observed near the Eastern
cape of Scott-Kelthy Island. In November 1937, newly formed ice ex— .
_G:tending OVer a fairlv vast ‘area. between hummock fielde, had reached
.afthichnese‘of gch@y; Meeeuremen;e_of the»thlckness,ofglceurepeated .

Sy

every 10 days showed that, ae-the layer of snow increased, thé' thick-

[

5~nees of‘the~iCe.etarted;tofdecrease:un+il'the latter5had‘&iseppeared
\ .

.Vimon were falling through. The laysr of: snOW~was,;by that'ttme,_57-cm |
yphro;,ﬁ;Thereafter,-the wet snow sféruedlfreezing"ehd'neu7ioe fsfﬁgaj*’i
_fpuggiﬁjﬁa§aén9W.lce;of‘e gray‘oolor, not-of the usuel‘éréeﬁihue]‘ﬁii}'#

;,Qheieroelop”of,ice hy}currentStwas;lnvestig&téd”intleheyaiBé&ﬁu?
by meaes,offa,snoW.@gasuring rod,‘wﬁichﬂﬁasxéet on 1ee"abou%‘io em -

"\thick on, January 1, 1938.. Through~the:wiﬁter, e'idyerfbr'éneﬁ'8§;ém'f

thlok had accumulated. Oni. April 28 the thicknese of the snow proper

'Awae about 3 cm,. whlle the rest of 1t had. ohanged into 1060k em thick
gand the lower .end. of - the rod was in the weter; sticking out of the ice.

(See Flg. 1o) o l.,Vr‘;,w_s‘r-v« s e E

The ‘rod wae cut out of -the ice: together w1th & ohunk of ice, and

J_1t was diecovered that a. funnel about 6 ocm’ deep had been shaped round
1theKrod‘iuﬁpheglgwergedgefofgthefrceb".The-removal of the rod proved

.:tothésPi%@;ygggﬂéﬁ;ﬁayaé;a epringitiderhrokefuﬁ-tﬁé'ioe'enu\etlafégi;*v

sized PQQl»!(‘Pleﬁ) was ;fqrmed.‘ “ .._3{:"1_‘ =5 i ',, e T )

, v o ) uof; I




‘ Apperently;-ealt.seavice is muCh‘more‘eubJect to:eroeion hyrcur-
'rents than - fresh ice,: This is confirmed by the following obeervation
also carried out in Tikhaya Bav 1n the w1nter of 1937/38 Thue,-in
<i~the ebove-mentioned area, icebergs are aground i the etreit near the
: Eastern shore of Scott-Yelthy Ieiend on the path of the currents men-
tioned above.! waever, the current doee not eeem to *)roducn any waeh-
‘l?ing away or anyveroeion as theee icebergeAremaln there ell winter, and

-ﬂonly et the time of the epring tidee do they ehift elightly (about lOO '
.m) and egain go aground . The- follow1ng experiment was carried out 1n
“,order to aecertain the epeed of erosion of freeh and ealt ice. A chunk
?freeh glacier ice weighing 1u 85 kg, end with a temperature of '

i_13 6 C wee extracted from 8 grounded iceberg. A.chunm of ealt ice,

‘welghing 1, 3 kg, of a temperature of - -8, 5 C ‘was extracted from 1ge’’
reeulting from the freezing of 8NowW soaked in sea water.: Both chunke
were placed in boxee mede of  wire netting and after a: veight ‘had-’ been

N ettached to them they were, 1owered into an ice hole in - epot where
a etrong curreqt prevailed Both bexes were attuCth eide by eide end

'were eunk about > m. deep in the weter. 2h houre later they were- both
removed end exemined What remaﬂned of the freeh ice chunk: weighed ,
2 8) kg, and what remeined of the salt ice chunk weighed O 90 kg. ’ h‘
temperature of the eea water wasg ~1. 65 C Thus, the freeh ice had loet?‘
about 81% the ealt ice about 9&9.;: b ﬁr‘Qlk

; The reeulte of the experimente demonetrate thet the erdeion ork;*n'”

;the Waehing eway of 1ce by a etrong current may: be very inteneive
even w1th a low temperature of the weter and this underecoree the
great importance of the purely‘mechemdcel action of” the current “v}’"

Thue 1e itlaecertained +hat, even: in w1nter, the increaee in
the thickneee of ice ie neither ‘ateady nor: nermenent 1n ‘alls caeee :;“hh'

thers occur a decreeee 1n the thlckness of" ice, and aleo destruce - Co
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.ptlon of 1t.
| Beeides, in certain eeas which are not completely ice covered
in winter, thaw1ng of part of the 1ce may occur in openﬁwater areae

. vy
-

- adjacent to 1ce fielde, provided however, the temperature of the

‘water is euff1c1ently high. iiy' "ter will he partieularly

rapid when the wind drives 1ce into & warm water area. Simllar caeee .

,may occur 1n any eea w1th eeaeonal ice, and a8 regarde arctic eeae,

it may occur in- the Barentz Greenland and Norweoian Seas. The bor-

.. }-:;

‘,der between the pack and open water may be plctured as two peculiar
fronts-, inceeeantly engaged in an.ofteneive againet each other' -on
‘the one " hand the 'cold front , on the other hand the warm fron*"
No armietice ie ever obeerved here, the etruggle 1s relentless, and .
bthe llne of the front variee inoeeeantly,_eh1fting elther one way
.for the other. In w1nter, when approaching the pack from the open water
5;at the time when the cold offeneive is on and tne wind blowe from N
;the pack 1ce of prlmary formation ie ueually encountered in strict
- eequence' elueh young.ice," thln primary (Nilee) 1ce, and thereafter
'nvhrohen ice and fielde, depending on time and 1ocation. If on the ; B
other hand the wind ie blowing from the open water, elueh and younér
ice are usually driven to form etrlpe of accumulated crushed ice {i‘.
(kaeha) of a grayieh hue, while primary (nilae) ice is encountered in
the form of{pancahe ice;.lf, 1n euch caee, wind and ewell are strong
venough primary (nll&S) 1ce of all typee Wlll accumulate 1nto a thlck .
gray 1ce kaeha", epreadlng in the form of a strip before the frlnge
' of heavier ice, and aleo penetrating between the latter.‘ If on ‘the
"contrary, the wind drivee the 1ce into warm water and the warm offener
'sive is on, no primary ics formatione wnll be encountered near the |

frlnge cf the paok 88 such fornatlons melt and dleappear very rapidly.

In thls case, and agaln denending on tlme and. location, only larger
-he-

™
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formations of the»basic type will be encountered. K

We have examined the- various aspects of .the thawing of ice de-‘
‘pendrng on the inflow of heat either from the upper surface of the
jioe, or. from its submerged lower surface, ae well as the precess of h
e,disintegration of certain types of ice. An attempt at a generaliza-
tion of the process of thawing of the 1ce coat at eea would be some-tr
what difficult as every sea. has its psculiarities, aside from the
'differences between -8eas witn seasonal ice and arctic eeas. We '
shall however, endeavor to point cvt certain common traits; ngzn;

The ice cover of the sea or of any part of it ‘- 1f 1t is not

covered with lce in its entirety - reaches its maximum towards the

ey -,e an e

ﬂJbeginning of the thawing period ‘ The size of ice formations and
their character or type depend on the geographic location of the sea

and on.: other factors.- In seas with strong currents, the predeminant

”,;types are hummocky ice formations such ag hummocky fields, fragments

of ice flelds, ice fields (smoroz), and masse s of crushed and small

- STy

brokenﬂice.. In seas where weak currents prevail, the predominan:33

-type of ice enoountered is large fields, either hummocky or level
iones. In the majority of cases towards the end of w1nter, the sea
‘i:(or that part Qf 1t which covers with ice) is covered with a thick
coat of ice with but insignificant intervals of clear water. b n

_ .,/.55'$A
As previously stated the first %o disappear are minor ice

formations - slush young ice and crushed ice._ With the disappearance
;of these types of ice, a|considerable surface of water is cleared
”aMIGSt more 1mportant formations' however it may not be completely

_«cleared particularly when thicr accumulations of crushed ice are

or .' -

1present as the latter continues for quite a time to emerge onto the

~surface from under hummocky fields and fragmenfs. The cleared sur-

IR
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face'Of&water‘exérciSes‘on immediateiandfconeiderable‘influenCe on
fthe thawing process. The disappearance of the smaller types ‘of 1ce
-scattered between fields and larger fragments increases the mobility

of the latter, and that 1n turn contributes to their breaking up- and

mel tina, as' the ‘smaller the 1ce
'Wlth the appearance of patches of clear water, the absorption of
solar radiation by water rises sharply and underwater thawing is a
7*thereby accelerateds As the snrface'of the‘remaining iqe»andcits: )
thieknessadecrease;'the”destruction of ice brogresses'rapidly. o
Following “the’ breaking up of hummocry fields, numerous fregments
‘ or‘ice which had remained under the fields without freezing on to
*them,"emerge ento the surface"honeycombtlce,chunks-which.have nnder-

‘gone pressure, aleo appear on the surfaoe.'

Slmultaneously with the thaw1ng and breaking up ‘of ice in the

.?area, where the ‘sea 18" ice-covered, extensive destruction of ice alsoi.;

goes on-thefborder’of clear'water.' Here, in addition to- the direct
action of the heat of the water, destruction is accelerated by the
fswell which contributes to +he thermal intercnange between ice and

'water; and“alsO'to the'breaklng up of‘large fielde. The thinner the

"iceﬁbn*thewfringe the deeper 2088 the swell reach into" the ice area;,;

'Aﬁartrfrdmfice’fields proper large ice-floes, settled deep in the-‘
fwater, gre.a- great cneck en the waves, eVen when they reach the size,
on large ice~ field fragments' only a very strcng swell penetrates

”cemparatively far into an ice covered area. In view of the complex-

4.1ty and variety of conditlons, it is difficult to determine the disei
tance.to'whichvthe'swell“may reach. in the ice area; it may-be stated
’vhowever, that the swell may often be felt at a distance of 30 miles

"frcm the fringe, even 1n the event of a large amount of dee. oo

oMb o

‘1dly it thaws. .Moreover'



A word may be eaid about the contributidn of, rivere to the . -
deetruction of. the ice. cOVering the eeas. Rivers break up . early,
fdiecharging maesee of comparatively warm water, which ie carried
by currente far into the eea and acceleratee thawing of the 1ce
.cover. Tt should be noted. that, in sumer, the. ~Sha.xtt9?ifi5"%?¢ E
cruehiné of.ice, particulariyvof‘fielde; asfaeconseQuencefoprreé7i;
sure produced by winde and currents, ie.coneiderably less: than’ in
winter, thie ie explained by the fact that in eummer, ereas of clear
water between ice fielde and in general at sea, are. coneiderably

A'more extensive, allow1ng 1ce fielde to drift freely when driven by

' , winde and currente;. The only exception 1e ‘when. ice 1s”preeeed to the

_ shore by winde or currente, even in euch gt .60 4 the reeult of preeeure
will not be as effective as 1n winter becauee the ice undergoing |
thawing acts as. a neutralizer. REE : "' .

. Flg. ll represents a.- eeotion of the- eea with thawing ice which

: hae reached the last. phaee preceding’complete breaking up. LWe :
clearly see. the rounded fragments (a a...) which have emerged from

Aunder hummocke, the overhanging edgee of icewfloes (b b,..jg waehed
and levelled bJ the eurface layer of: water, and the fragmente of hnm-
w mocke (c,lc..‘); The ‘rounded ehapee deicate that breaklng up hae

| _been induced by thawing and that 1f any ehettering hae been done by

wavee, it muet have occurred much earller, ae ice freshly shattered by

the swell hae sharper and more angular ehapee. o vz}':;-“g;;%f*“'"'
(An{example of such shapes: may be: found on Fig. 45" of: the "Album
of Ice Formmations"} "1931, That photograph wag taken at the border
of ice and clealr water, whose dark:maee is visible beyond the .avea
of ‘ice, On Fig.pll we algo see quite a lot of clear water, but thie
- water in the midst of" les~Tloes is ~conslderably farther from the ey
border of completely open vater, ) |
All the aforeeaid has referred to”drlfting 1ce floee, i e. to -

ice which may be put in motion by wind and current

The thawing of etationary ice in baye, stralts, between islands
. o - b5 .



‘characterized by certain peculiarities.

and near . shores (landfast ice) depends on its 1ocation and is

»First of all, its thawing

depends to a greater degree on surface warning. On the other o

Al

_hand, currents which wash the ice frcm below represent another :

factor, accelerating thawing. fe, stationary ice ;

disappears later than drifting'ice,f” of the reasons therefor

- is that the latter bars the swell from accese to the landfast ice.

‘The 1atest to break up is the ice in archipelagoe,'ln which cur-'

1

'rents are weak and depths considerahle. In shallow areas, where the L
action of currents is etrong, the breaking up of ice proceeds more B

‘rapidly.: The ice,directly adjacent to uhe shcre thaws comparet1velyl,7.1~

bl S

fast if the shore warms up sufficiently and slopes down allowing thej,,n

least outflow, large accumulations ‘of ice remain only on coastal ja

shoals and banks, and these too disappear quite rapidly when the

swell reaches them. In straits, ice breaks up comparatively early,

e

sually owing to currents, breaking up occurs later in bays and _'

gulfs, where currents are usually weak, provided, however, there are“;,lw

no tldal currsnts and fluctuations of level ’ hi ch ‘both contri‘bute
a lot to the destructlon of ice.“ o pj,;ﬁ,f | Nuﬁf”‘_
| It often happens that drifting ice grounds in‘the posifion of
stationary ice. This occurs when currents and Winds driVe a com-:
pact mass of ice towards shores or islands grounding it, and th&w1ng;“

.\,'

is thereby delayed

B



' and whicn, in their turn, depe“

,all problems connected with th‘

"1te dynamics.

IV DINAMICS OF THE ICE COVER

AND ITS MIGHT (MAoSIVENWSS)

The might (massiveness) of the ice cover depends to a great

O

extent on the intensity of the process deforming the ice cover,

0 movement of ice, therefore,

| ight (massiveness) of the ice will

be examined while taking into accou:t tneir indiesoluble link‘with

: The very term "might" (massivenese) requires explanation, i

mainly a8 regards the die een might (massiveness)

’ and "thickness of ice.i It would be more correct to use the term

"thickness of ice solely when it applies to ice Which hae grown

normally, forming a 1evel smooth cover. Such an ice cover is\

,characteristic of bays and straits, protected from the swell and

. from pressure° The term "might" (maesiveness) of the ice cover,
:should rather be applied to openrsea ice which as a general rule, ,f _

"”hae formed as a result of stratification, breaking and hummocking.. :

RN

We shall now examine the procese of the growth of” ice at sea, C

starting with the seasonal ice cover, vhich forms in the absence of

old ice. It snould be noted that when studying the growth of ice,_.‘
a purely thermal phenomena cannot be disaesocia*ed from the movement of
iice, beceuse from the very beginning of its formation, winds and ';f

: swell maJ produce 1mportant changes in ite primary aspecte..

_ When the surfece of the. sea is calm ice forms in the following

‘ sequence'» slunh (salo -patches of uncemented needles and crystals, '

\

‘thereaf er young ice (shuga) - beginning of the hardening of patches

of slush, next appear thin dark ice, and thin gray ice - two types’

‘ of niles., which as the freezing progreesee, changes into thin

- 4T -



wusually following the direction of_tne wind,nand;not at a straight :’

angle o 1t | : o -
If the wind and waves drive the slush towards the-shore or _

Vttowards fhe fringe of thick ice formations, there accumulates a thick'

~ 1ce "kasha" of gray-ashen hue. B
(Sucoeséful photographs of such accumulated s]ush are scarce. ~ How= "'
_.ever, a more or less aceurate idea may be conveyed by Fig. 16.0of .

‘the "Album ‘of .Tce. ‘Tormations”, IY YMC PKKA, 1931; on this photograph
.-.,Oné may. see a muddy, gray.: scrip of slush accumulated close to the
V;fringe of landfast ice.) ' . .

When ‘gales; are blowing and the swell ie coneiderable, this gray

Jff:&“ kasha comprises not only slush and young ice, but also both

: ytypes 6f-'niles"- ices in such~case,“th8 thicknGSS‘Of the 1ayer at

"ixthe point where the surf breaks - either near. the shore, or’ near the o

‘7h‘fringe of 1arger ice forma+ione - may reann several meters, this ‘

e

V?fof course in the limits of a strip which is not too wide. In cage

”E;i*of further freezing of such an’ ice "kasha"‘ the ice acquires a gray o

fzoolor, and -the" stage of dark 1ce is dropped. In the event of a weak -
'iswell pancake ice forms from dark and grav niles ice, 1t usually
g of-olrcular shape and actuallv resembles pancakes. Tne lesser

t>'the svell, the smaller will be the size of the pancakes, and vice

cversa.‘ (See Fig. 12 )

'ﬁ“ff(Some investigators are of the opinlon that nanceke ice may form -

“from slush and young ice, and also from the freezing up of needles,
and’ even spontaneously ‘a8 & primary. type of ice formation. To thig"

: day,)there is no unified opinion on thie score in science. Editor's
note)...-- .- ¢ L : : L

- 48 -



i

: 'similar to roof tiles."'h

he pancahes hit one another in the sweil they acquire f',

raised rims of crushed ice. Later these crushed ice rims are .ij_~aw
“levelled by falling enow, and they are no more observed on- the _f;

‘next'types:of:ice.a When winds drive pancake ice onto the shore

or onto thicker ice formati'

'rs may be constituted, the pan-:if

cakés then cover. one ang hor ol th

Pancake ice. fbrme’frog:gﬁ 188!

has increased 80 . far ahw

ice, thevdeformation‘pro byﬂtierswell will result in«chunks

T

of irregular quadrangular'oripolyhedral ehape.v;f;%gw;fgha';}ﬁ;s;;u_u_e

Rafting plays an imp, ta t £ in‘the formation of the ice

v

cover at sea"it occurs mainly as a result of the action of winds.

‘A'v',

ot Nilas- ice*is thesice most subJect to rafting.u,Theuthinner VNilas“y?‘
V=-i ~the oftener and the more is it subjected to rafting¢ Theedark
“~thin ice of the primary stage of. formation may still have numerous~;ﬁ‘
"«unfrozen patches of water, and a weak wind EVE sufficient to start
;off rafting along the edgee of these patohes. Ice is very elaetic

‘ at this stage a- fringe eaeily mounts onto another fringe and Justrr[

<

as easily mey a nilas fleld glide over. the eurface of another
field (See Fig; 13) . The double-decker dark ice: resulting there~ P

from acquires e gray coWor at the spote where rafting has occurred.'yi

«When thicker ice rafts, a certain amount of fragments usually re-c

sults prior to the mounting of one fringe upon the otheru this is !

~ the first broken ice A In addition to 'nilag" ’1ce, the other type £
of ice subject to rafting,is the ice under801np the next stage of
‘.formation, namelv level ice - such fields raft overxsurfacee of con-:c

siderable size.' As the thickness of ice growe, it loses its capacity

e A9 -



for rafting, and in the case. ‘of shift*ng, hummocking ‘sets 1n.-.It

. i

should be kept in mind that the thickness of" 1evel tce" fields which
heve undergone rafting mey not be considered EY-E the thlokness of

'normally frozen ice. In case of strong pressure, particulevly 1n the

. coastal area of’the sea, “ever l:ice mey reach oon-*'

siderable proportioﬂs."A?éef”refting, thel ce rapidly freezes to- B
geeher owing to "the ¢lose contiguousness oP the surfaces, end it may
‘be quite difficult ‘to ‘discérn the line of refting in a broken off

fragment ;: however, it usuelly ;AshOWs«th,ank,s‘ to; the ,presenoeof snow. ‘ '

n' the sirfacs of the'ice.i S 4:"5}7¥ :

- miﬁfiﬁ? o ff"'?;ﬁﬂi‘ Hummocking of Ice.

The breaking of ice fields end hummocking occurs ag’ a result
of the pressure exercised on the 1oe cover by cufrents, and perticu-
,.larly by the wind.‘ Tne means of formation of hummocks is infinitely
(A_varied, one may pick out but a few general rules for onc or the other
~_ftype of"lce. It should be indicated in advance that the formation of
a‘hummocks in uinter differs sharply from that occurrlng in summer in
AAAAA the perlod of thawing, and mainly in Arctic seas.‘ AlmOSu all typese
of ioe“are subject to hummocklng to the exclusion of prlmary types |
v;of young ioe, 1noluding dark nilas ;” nght gray nilas may al-
Tready~form.hummocks. ‘Both level and hummocky flelds may be subject'
s to repeated hummocking, ut to a cer+a1n limit only, such limit be~*“

1ng dlfferent for every sea. The" magnitude of hummocking and the “11

. size’of the hummooks may* differ 1n vareous parts of otie ndfthe

»’same sea. In the central parLs of seas, where Bh,




'the aspect of fragments of

The beginning of the formation of a hummock is shown in four

consecutive sketches (Fig. lh) In the process of hummocking, the:J

ffragments of ice partly heap up on the surface of the ice, ut‘the‘

| agreater part sinks into the water and accumulates in a more or less

vague heap under the point ef breakage.. In a hummock, representing

La general heaping up of ice, one may'distinguish the upper part -_

-fupright ropaki 5 and the lcwer part - loose ice under the. field

and under pressure from all four

podsovy . In its central pa :

..1

,'sides, ice: becomes cemented into a8 solid mass, which ‘B0 more has L

Thie compressed and harder HMass

”‘of ice bears no particular name, abeve we have given euch ice the

”denomlnation of Mcore" of 8. hummcckn but this is not a. generallyv\.

recognized&term. At the time of thawing, the ice of ‘the, ''core” ~of

?a hummock acquires ‘the character of honeycomb ice. e

The formation of a hummock is ehown on Flg. 15,_ As indicated

-»by the arrows, besides horizontal pressure, the following forces

'-exerciees their action on the central part of the hummock.‘ from ;pa

above, the weight “of the ice,. which hae been raised above sea,level

”and from below, the force of floating or a. lifting force which,
"roughly speaking, constitutes about o, l of" the weight of the ice when |

'it is completely immersed The dotted circle 1n the center indicates
'-that part of the hummock,‘which undergoes & maximum pressure.:am,b,v

(The term ropaki is used: here not quite in the sense it is cur-._f
;rently used ‘It should be taken into consideration that the torm’

ropaki is. mostly used %0, designate only Beparate- tce fragmsnts,

"standing upright on a- comperatively level surface of ice, or standing_'
‘out-in some particular -way in: ‘the mldet of a. general neap or ridge
‘of hummocks._ Editor 8 nofe) ' & ' o .

The greatest amount of fragments of broken ioe result from o
pressure and hummocking of level fields (Fig. 16) In the open sea,.

far from shore, the height of the upper part of hummocks may reach
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2 to h m, in the vicinity of the coast however, or on banks

: and shoals, the height may reach 7 to lO m, and even more than that

et

in exceptional cases.z ;,Tufi,w”_aﬁ

\' PR

(The photograph of a hummock formed. from a level field. and close to

- ghoreé is shown on’ Figi k9 in” "Album of Ice Formations" \1931, pub-

- 1ighed by T WCPKEKA,), " e

: The fact that these fields h.’ 7ory. thick contributes to.

L

their breaking, at the same time, their horizontal size is consider-

- able, and connected therew1th is the force which they represent when

1n motion. iy L

Level fields may attain a. fairly high speed when driven by the

R -‘. ‘¢

wind because the ice in their lower part is smooth and,. fails to
F ;::\-\.

sweep along with it 1arge layers of waters as occurs with hummocky

DN

‘ ice, the consequence is, that heaping up is more considerable ‘when :

"pressure occurs near the shore and when winds help the pressure.r:lt .

b.v 1ar to the direction oP the wind Only at the beginning of breaking.

i

is necessary tc point out that on. 1evel fields, hummocks are not

_distributed in long ridges along the edge of & field and- perpendicu-‘i”

' up, and seldom at that does the ice break along the entire length

h.of the field usually, hummocking takes place in separate irregularr.;.

‘lr'accumulations which occur at various angles to. the direction of the

“,‘hiﬁd- The only exception is hummocking close to shore, hsre too,

however, long ridges are few and they do not always spread; parallel . -

'tto it ‘or plain disorder. :

'to the shore, they are often placed at different angles with regard

-

Patches of clear water, polyna , are always present between

”large level fields, but there seldom are passages from one polyna "

“into” anotherf7tecausetwhen theﬁfieldsTcollide while in motion,Athey'

*g.Join;etxnuméfqﬁgfpeihts, These spots ‘are called Joints.4 Joints are’



e always very’ hummocky, and are 4n’ most cases in ‘8 state of pressure -

as they bear 'the: mutuel preesure of both fielde.t If the pressure '

'increases owing to- the ecceleration of wind or current there often fﬁ

A

occurs e further breaking ef the fields.» Depenaing on the Direction '

of the<crev ces which then occur, new 301nts may appsar, and new
hummocking setAin;vold"Joints‘may»also driftsspart,fleaVing:icefﬁ’:'
'.'fragmeﬁts'ph‘ehe;water;:'Fié.‘17fshd§é»aiceliisoﬁ=ef'fiéidé; with -
the;eccOmpenyinv.breakiog upvand;hummoching:i sketchAII sheeégﬁeﬁf“”
‘ 1rregularly and want01 thummoéky accﬁmelatioﬁé“sfé"forséa‘iél§égérd
to the. direction of forces at work (arrows at the botuom of the ;‘ 7
sketch). In-order to follow the further development of” hummocky
'ice? oneashould:takewinto'eccpunt~b?9kenvice?'which too may he'of
va “ious origin;: wﬁén;frééifng?at‘ééa»irodééae ebrmaliy'aﬁd'ie&éi”"ﬁ'
| fields break, the: amount of broken ice grows considerably, towards |
'the end’ of the ice period broken 1ce predominates end 1s represented
1n various~formations,~mostly in'the so-called smorozi '(see Fio
18); in the form of broken ice- proper, it remaine only tem.porarily~
; and in quantities which vary sharply. ‘ l ‘ R
The remeins of level fields compressed intc-hummocks do not
iremain indefinitely as such particularly in the event of strong»
" prrssure,l The moment ‘pressures weakens and fissures heve appeared,f
part of -the broken ice sterts emerging on the surfsce of the weter,rA

: at the eame time, part of the upper accumulations Iall into the

hwater, and. broken 1ce and ice kashe appear ‘on the eurface.: Only

.’_”\.}

v

Tl Tam el

comparetively small areae of former level fielde, which have under-iiﬁ

gons mmerous raftings and are ‘stildded it heaps of hummocks, my

- "S";'r‘A ) .

remain ag. suoh up to the thawing period In the course of Winter,‘

most of the ice repeatedly changee its type.. When diepersal occurs,



broken ice spreads between flelds and fills most of the free space

between.them. These 1ntervals between fields which fill ,ith broken‘p,

"

syoms ;drift TR

When ths

Fig. 19)

Broken ice is exceedingly varied in size and shape - from 1f;.‘ )
crushed nilas to fragnents of heavy hummocky 1ce.$ Besides, and

‘uae already stated abOVb, “so- called crushed ice c‘qould elso be ’

.. r.~.-v.; RN

classified in the categorv of broken ice in the winter time.',f:‘
: Crushed ice forme mostly as ‘a result of fr1ction of masses of hump }ts‘

mocky 1cei?:Much crushed ice also originates from pressure, when

,15'1n prccess, and finally in areas situated close to g

open water, where the action of the swell may be fel“ (Flg. 20)

Cruehed ice plays quite an important part in the wlnter ice c ver

~ As 1t is~ ;tually an 1ce mess ground into powder, rushed ice acts -~ L

.bhummocky 1ce, the so-called smorozi
Bummocky smorozi do not form exclusively as a reeult oz

unhampered free21ng of broken and crushed ice, they also a e

ar

‘a8 a result of the compr9531ng ofilce followed bJ free21no (Fig. 18) _33*”-”

,.,J,,f: i

unfortunabely, thls photograph was taken in summer, but to a Certain n o

_ extent, 1t rs elso cnaracterlsti ‘of w1nter ‘The ice plc+ured On YR

of the frozen crushed 1ce. After com-l.



'of’ ]ﬁght hummocky ice ; whioh may "g"_“w't’j 1 ge si es,. it,_is fairl.‘f

thick- 1ce with an uneVen surface, sometimee with reguler ridges of A;{

e v‘

.hummocks. Ice of ebcut the same aspectAend einilerly powerful mey
be formed as g result of compression and breeking of nilas and thin‘
"ice (initial stage) smorozi of light hummocky ice are, sub~
Ject to further breaking‘up, end when undergoing oompression theresdgf

after, they form heavy hummocky ice.

Ae previously mentioned the strongest hummocking takes plaoe jvi;"

along the coast If the sea is shallow, fairly powerful masses of

ice are pressed onto shoals, 't;;hﬂﬁ“' meln there until the be- '

ginnlng of thawing., If no wide stretch of 1endfast ice has formed,

4then, 1n the course of winter, massos of floetlng ice drlft past
'such grounded shore ice, produoing a lot of crushed and beaten "

| j(broken) ice, which is partly oarried out to sea and pertly i

.malns on the landfast ice, forming ice banks.‘ Through the winter,;'hfg,'

suoh a frlnge of etationary 1ce in no way remeine permanent - it
- 4 . Vv
'either recedes from, or advances towards the coast this belng

\

. Vnotioeable from the ‘banks ' of crushed ice spread.ing parallel to

-t

one another. Variations 1n the width of such lendfast ice deoendelgisif

a

don tidal fluctuations and on. fluotuetions o; the 888 ]eVel Heap-

.1ng un of ice on: separate shoale may reach considerable proportlons -

these are the eo-called "etamukhi" 5 Such heaping up on'a, shoal s ... o

shown on Fig. 21

Accumulations of ice vary accordlng to whet er tney are close hg=

ot (S

to oeep, rocky or steep ehores.~ When waters are deep close to

AT

_ehore, the strlp of heaned up ici‘ﬂs{usually narrow, and accumula.)
tions of ice do not remain at all near efeep shores with consider-

2.55‘*?';



'up to 15 m.A in height above the water level

*accumulations of ice form on the shore,“and may reach considerable

proportions.v Even in ‘the: White Ses one maJ observe accumulations

near Sosnovetz Is-

: land) Such accumulations of ice on the shore are termed "zaboyi"'

In the event of pressure and when the shoreline is favorable, such

e

ice may remain ststionary for quite a long time regardless cf

~depths - it keeps to the ehore owing to 1ts being cemented to it.

At tlmes, entire gulfs and bays, open fram seaward arg filled

,“with heavy hummocky ice which remains stationary for very long. :

Piling up, rafting and hummocking freee the surtace’ of the

gea of part of its~1ce. It should hewever' be pointed out that,

-.ag a rule, such ‘dreas. clear of ice are 81tuated in the opposite

:ablefdepths,“-If'thefshore Is*gently~sloping*above“theuwateriifne;“'*h

;

part of :the sea, .far from spot where hummocking occurs. Iﬁ—f*f"" S

tensive radiation of. heat takes place on- the surfaces of water ‘

»and if minorgforma 1ons of. dispersed 1ce are ‘st111 present theyyf

freezeftogether. Thus 1% is that at sea 1n winter, one may en-f'

counter heavy hummocky ice together with new formations Sf youngf

_thus freed from ice, and they. very quickly cover with new ice, EAER S

ice. Consequently, pressure and hummocking result in considerable »uf:

‘losses ‘of ‘héat: by -the: sea, and this contributes to ‘the " 1ncrease

of the general amount of -1ce. at sea. f-" *31'”:“

Gradually, and, with the breaking up and hummocking of large

fields of level ice, ‘the aspect of the surface of the icé cover

begins to change. The siZe of a field may decrease in surface, fﬁ

but increase in thlckness, hummocks are heaped on top of it while

3

_a’great amount of beaten (broken) ice, podsov1 is under it. 'he o

hummocky field -Or - ~the, broken (beaten) 1ce compressed 1nto 8,

,_-56-
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Smoroz freoze together into'e morevoruleee»eompeetvnesejbnly,inqitsgx;

upper. part while a let of loose. podsovi whieh have, f""frOZenvto~«~x

gether,are,;e?tfinjthe;underweter:pert +The: godeevi ars accumulated
in uieorder under the humm06ky‘fieid; and often reaehmconeiderebleu':- .
depth 1f they etick out vertically with regard to the field and

are surrounded byenumeroue fragments of 1ce of verioue eize.“uAslﬂﬁ :

the godeov ere hidden under the field 1t ie hard to assess their

number Judging by the aspect of the latter.r It hae'been ascerta*ned

however, that the greateet number of podeovi ie ueually tO*be found_ .

under thealargeet.heap.ofvhummOcks,,but thefheight.of;thenheap»of'«“»‘”~

'hummocke is not neceeeerily pr0portionete,to the accumulatlon of

k3

'ice below the field Ae the fregmenta of the latter 1ce are not
.joined together, they do: not remein etationery, they often got die-fl~“fn'
‘placed in connection with the generel movement of the. field end »»J*bki»fa:

theJ then tend to- distribute more or leee regulerly, ‘under’ tne en-: i

tire field The number of podsovi may be aseeesed approximately

7 by the height of the edge of the field above the- water-line.suThe\?é‘ist-

;irregular dletribution‘of-godsov under a~hummocky¢field mey benobll*ﬁf%

eerved when & hummoc&y fleld breake up, in ~80me- casee, the podsovi

mey emerge onto the eurface only. in certain epote -of - the crevice,

in others, the entirs orevics la filled with fragmente of fos” v T

'emerginé fron helow the fieid" The . irregulereaietributfon'oP?po&eovi.;~ﬁ

‘also depende on what particular type of ics ie undergoing preeeure."
The espect of hummocky ice may very dependlng on whether it Viag o

formed as a ,re.usul‘_,c -ogf‘preseur,e ,a.q@_ freezing of .‘peeten. (broken)- ict, - TR

or of humocking of level. fields:.  Ice flelds originated from coms = ' .

Cm .



pressed and Frozen Up hassss 61 brokendce; fréh large Wmmooky frage::

menté}sbfafyéaibfﬁSﬁgéffce”?%: Por Very much'in sepbctiand also-’.:

(Fig. 225 they contain.broken 1ce of varying density, or ecmetimee

rare 1ce, or even clear water (raZVOdya)

(In the: above caee, razvodya are fairly large 1ntervals of. clear
water between fields, partly’ f1lled with very dispersed broken Ag .
ice, or leads betwsen fields completely:¢lear Of broken icey . i™ i
Separate patches of clear water which, do not- communicate with each

other and. are located between” fielde are “termed’ polyni (Fig.” 17)

-

In Arctic seas, the freezing and.hummocking of ice Which has not
thawednthrough?the:summer, ccure somewhat differently fiom that of
new ice’ formations described‘above. fi‘ftﬁV‘ﬁz S

The formation of new ice in the midst of old ice’ can take

place only in ‘areas clear of ice, and aleo in bhe 5 yemi.,v héi:ihﬁﬁfél

appearance of young ice 1n the midst of old ice immediately produces

a considerable hereogene*ty a8 regards thicknese of ice and thie

_plays an»importantrrole at ‘the timeﬂof«pressure._ Moet signlflcant

in the: formation of ice in the mldst of- old 166 1 the preeence ‘on J“*?f

the eurfacerof-the.eearof-a very~deaealted layer,“and'also*the'“53%1

' presence of fresh water which ‘has penetrated into the thick of the

hummocky field Ice appears early in- the de salted layer. In the"~25

i

.dlt;on, it cemehte end increaeec the ‘thickness of the compact upper g

part- of hummocky 1ce, and also freezes and JOlnS together the podeovv o

ot

lying directly under tne compact part of the field. The preeence of
fresh water aleo facilitles the freezing 1nto a compact maes of part
of the-upper accupplat;ons-fethe ggpaﬂ;»(uprightchummocke)g melted~
snow remain@né:on”the_;ce also freezes. fast, -

' usually’ forh be twesti’ such huzmockyfields




-wﬂswhat might have taken place f

wAs“the: poolsrand ponds of fresh water on"

(AR

~'fields proceed\to freeze, the general roughnessAof ome fields 1s
somewhat levelled down. An important peouliarity of the initial
- freezing of old*ice is that its general 8ize~ or thickness does not in-'
'-crease immediately -8 considerable amount of time is spent on,the

freezing through of the entire thiokness of old ice (See Table III)

The freezing through of old 1ce is still more delayed i }lt is:

v_OOVered with 4 1ayer of new Iluffy snow.a Thus it is that when
~old ice’ is preeent at sea, “the™ loss of heat by the sea is hampered,

- while the amount of newly formed 1ce decreases as compared with
’ficoollng of a’ sea,en-." .

-tlrely freed from old ice._ However, in the presence of the latter,;;

he;even

surface,’ where the water will be bared as ‘a result of pressure and

. o ‘ RV
Cme e e s T e

w,hummocking.
Naturallyy'the hummocking:of~freeZing»old 1ce'téafelﬁe*ieseﬁi'i:“~“
R TIREE

blance: to ‘the hummocking of new types of 1ce. The7basic’differEﬁoe?“'E”

here lies 1n the'fact that amongst the old flelds, there are no o

Fs

laroe'levelffields underg01ng-rafting,' When~pressure occurs in,}*TJ‘

: ;fthe mldst of old . ice, the young ice which’ has covered the s Jemi

_ w1ll be. 1mmediately subjecfed to breaking up and hummocking. When -
contracting, the g_zggi form hummocky'smorozi w1th a very uneven sure‘
-face,i Hummocklng of the very old hummooky flelds oocurs only when
pressureaisuexceedingly strongj»prOV1dedu’however,'these fields'were S
- not noticeable destroyed by prev1ous thawing. Thawing fragments of e

A rounded shape are.; comparatively easlly drawn into hummocklng, and |
they produee cons1derable accumnlations both” on the surface of the

ice and . in the water under. the: ice. Hnmmocky ridges form irregularly,

--59-, .



but sometimes appeer in long, straight lines, stretching along
the corresponding edges of large powerful fields.i Owing to. numerous
hummocklng -and breaking up, many years old ice produces much more

'broken (beatsn) ice when it disperses and thaws than does one- year

old 105 A “ R e LR TS ;

Eressure end hummocking of ice is one of the most powerful
natursl phenomene, end particularly so in arctic sess, where the
force of pressure may«rise extraordinsrily high In winter, thev
forc° of pressure growe considerably when the cold is 1ntense and
great masses of ice’ ere consclidatedllnto e elngle unit' even with
| an 1nsignificant speed the moving force may be tremendous, particu-‘ztﬁj
‘ L

larly“when the,ice~presses'on the shore. The meximum force which the,jfff

Pressure of ice may reech depends on how far extends the toe T F LTI

cover in the direction whence the ice 1s moving.

" In the event of strong pressure, the process of hummocking first

ocours.in what.mey: b temed an Ol"derly way, ahd ‘this pntila

. great amount of broken ice- has been accumulated at the spot where

a break has occurred thereafter, pressure proceeds by fits end

starts. ,It should ‘here be stated that pressure and hummooking

produce neither a hellish roar" , nor cannon shooting 5 ag has been?§ﬁﬁ#
gtated in descriptions which wanted to add spoctaoular glemor to
this phenonenon whlch ig:no- doubt grandiose. It should be kept in

‘mind that sea ice is-a fairly plastic mess, that it is covered witn e T

layer of snuw, end that much crushed ice is*contained 1n intervals
J

between csmpaot formetions.f‘This comparatively soft mass can bhewe:

'fore in no. way preduce roarlng o resonant sounds. All the sounds
' eccompanying the hummocking of ice are limited to the light mufiled
, hiss1ng of moving 1ce floes, and to an equelly muffled grindlng 4

e ] T g 60 <



simii&r to that of sledge runnoers on the snow, but only liss
resonant; oceasionally, o fragment brenking off from a hsap of
hummocks falls with =« smack onto the snow - there are no othur
"heliish" sounds, . the sounds, however, which may be heard whon o
vessellhgs beer cought in ice undergoiné pressure, are of a dif-
ferent nature, “hen lce fragmonts are crushed or brokem cgainst

2 vessel's ﬁull, the noisc m;y resound very loud in the ship's hold
and moy be similar to lushing and grinding - but these are phenomena
of another catcgory, a2s is aiso the roar of the wind which is

us Qlly very strong at the time of prussura.

Drift and Dispersal of Ilco.

’

“Seiling in dn-ice-riddcﬁ sca is possible oﬁly when the ice is
sufficiently dispersed, and it is therefors most important to know
what conditions may bring on dispersal, As @ general ruli., they are
the soame conditions as produce pressure and hummocking, namely the

1

wind end the currents. A third factor - thawing - should be added,

but thnt has slresdy been dealt with, Therefore, disregording thaw-

we shall sxomine the conditions vhich bring nbout dispersal of

o3
ice,
In the absence of thawing, ice covering wn ontire seetion of the
sga moy achleve dispersal only by sprwading over a larger surfacc of

water, or in conseguencs of a reduction of its total surface brought

stout by rafting snd hummockings “hen the wind provokes the movement

of ico, or as it is commonly called the drift of ico, it simultuncously

sets in motion o certain layer of water which is driven along with the
"icw. This loyor is the more conmsidercble, the greater the accumulo-

tion of icc under the moving ice-field. Conscquently, level fields
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- L9 -
dr1Ve the least amount of water along with them, and this explains
their mdbility, while heavy hummocky fields drive along with them a

more powerful layer of water, and therefrom derrvas thelr lesser -

mobility, their greater inertia,¢ The presence of heaped up hummocks

e

' which play the part of sails is ho" advantage to hnmmocky fields and :':7
bdoes not speed the drift because under-water accumulatione are

usually greater than those on top and the density of water 1s con--"“‘

81derably highen,thanvthat of air. The=speed of the drift depends

on the size of the ice, even in the event of abunitype formation.‘

x o

When the wind ‘has, started blowing, a

~1arge field w1ll move slower |
than broken 1ce, whereas(the situation will be reversed when the wind o

is calming down. Therefore, even in a stpady wind an, accummlation .eea

e —— t“ R

of ice of varyilg size andmthickness.”ill

:not drift in unif@rm motion,@~

concentration and dispersal will occur ins1de the ice torrent while.]\

l o .
m A

_drifting, and the latter will continue by inertia even: after the wind
: has calmed dcwn, provided however, there is sufficient free space
to meve into. If 8, torrent of ice-driven freely by the wind en-"”',

‘counters an obstacle in its path it will rapidly concentrate 1nto R

T oaet e v,

' drifting mass of ice, concentration and compreselon will take place

-vr.,_,_". Lo

and thereafter, the icertorrent w1ll contlnue to drift already _'i"f

presentlng a’ more compaot mass.;.waever, hummocky fields of g large

B size often conserve their high speed even when they happen to drlft
1nto an accumulation of dense broken ice, they then produce consid-

':erable dispersal behind them, and compression before them (Fig._a3)

Although seemingly slmple, the acti n;of the f%rce or the w*nd ;

S &
PRERURCRit




complicate the situation. It is thus difficult to isolate the s "bf

effect of the wind along on the drift of ice for almost simnltaneous-

,,,,,, N

. ly with the movement of ice, t re starts the accompanying movement ~\

of a layer of water, swept along by the ice.“ waever when one ..‘

separate ice floe drifts along driven by the wind there is scercely
any accompanying leyer of water to speek of Consequently, a layer
‘ of water will only be swept along in the event of a certain minimum ,

concentration of ice.‘ On the other hand concentration may very

considerably and 1e not evenly distributed because ice may accumu-_

late either in strips or in separate accumulations of varying shape,;

1

It should be steted

:or_mayéatmtimes'be‘distribgted” ;etty regularly.

thet the lews of the drifting of ice and its dependence on the wind N L

have not yet been sufficiently studied Nevertheless for rough

“,,Vpracticel computations, end on the basis of‘a fairly large number of

,‘various observetions, one may use the retio ‘now established between f;"f

u

“the velocity of the drift and the Velocity of the wind producing the ;,;J{

'drift.:‘ﬁlv,A<

e

This ratio, usually termed wind coefficient is, rcughly, .;“" ;A

about O 02 In o*her words, l m/sec. of wnnd velocity corresponds

| d:to Q*m/sec Of velocity of drifting ice.» In regerd to the dirsction oy
of the drift it has also been established that in higher latitudes,‘,f

'tne direction of the drift deviates from that of the wind epproxi-'

' mately hoo to the right 1n the absence of obstacles arising from N
the prox1mity of shores or from other ceuses. The wind coefficient,i'{

i

as well as the angle of dev1ation of the drift of ice from the direc-

o

3'*Russian original shows the values glven. However, it is teken that N
‘velocity of drifting dce” should actuslly be 0,02 m/sec for & wind’ -
: velocity of 1 m/sec. '

R S S ‘ P RN
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tion of the wind no doubt slso depends on the degree to which

; “ el
~A._> ,'-' : T .:.-__-,_,\vk R

the ice cover 1s serried pet e . '
~It should be further added thst generally speaking, the e

V effect of currents on:. the drift of ice 1s very great and may.oftenATQT?
be of. much more. importance tnan thet of the wind Thus,‘if ice is
drifting 1n‘the current or is kept close to shore by the curren

" the mnd w11l but. instgnificsntly affeot the movement of ics, p a”"“‘ e
o this will in the main, follow the current end not the wind *ﬁi;“k't”

:ceptione may - however oceur- in the event of very strong winds..thf i

‘ should therefore 1n No- cese :be, eesumed that 2 dispersal of ice is

bound to take place ‘in.a coeetal region when the wind is blowing

o eeawerd The,dispersal of 1ce in themvicinity of the shore from
thich the wind ie blowing, will take place only if the following/
conditions prevail l) if there ie no current pressing the 1ce to |
v.the ehore, or. if the wind 1s 80- strong that it surpasses the current°“'
2) if there is & clear area of water, 1nto which the shore wind cen )
drive the ice, and 3) if in other parts of the see there 1s no o
stronger wind, producing a pressure of ice towards the shore in o

' vqueetion.« The latter eventuslly 1s always poseible hecause the ef—ewx
fect of wind on. continuous ice'may be trsnsmitted to considerable
,distances, often provoking concentration or. dispersal of 1ce in theiﬁh
i absencexof‘auvisible-cause.. In contrary conditions, 1 0 . when”the
wind blowe from-the sea towards the shore, the ice near the shorelf’uw
will thicken in all cases: but one. - when the ice is being driven

from ‘the .shors. by a current which ovarpowers the effect of the wind
Slmilar phenomena may be- very well observed in the White Sea, where‘

strong tidal currents preveil It 1s worthy of note thet e case 5741;

of non-conformity between the direction of the wind and the pressure

N
\
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zgﬁgGlavsevmorput 1935, P.. 66) . He writes' 5 !H{,fﬁ ; e

‘of ice nas heen pointediout by thc well-known polar explorer . .

V Stefansson,z (Vilhjalmur Steffansson, The Friendly Arctlc,

b '

e "Upon glancing at the map, it seems. strange that between
- Pot nt Barrow. and " ‘Herschel Island, where the westeérly wind blows.

.. from the shere: tcwards the sea, it nevertheless. drives the ice

_ towards’ the shore, it ig’ nonethel,ﬂs a.fact’ conflrmed by . numerous
: lobservstions.. At the'same ti terly winds here drive the 1ce
from the shore to such a'¢
,;passage for, veseels's ‘ g{tde coast,

- (In this case, the cause resides apparently in the configuration N
of the coastline ) ( : Lhoooie

Vi One may point c
produced mainly by wi
, parts of the eea,

| direction bucawith var

i may'occur: Similar phenomena are not lasting, in winter conditions

.."their effect is therefore insignificant but in summer, when ice is
'ﬁl;not 8O, serried the results of such dispereals or accumulatlons o
'may beamorewconsiderable._ Amongst the wind phenomena oft the/ice
regime, the following observatlon presents -some interests. When

?lwinds are: blowing frem:the ice pack towards areas of clear water,. .

“”i:the 1ce. arifts in the direction of the clesr water a8’ X comPara'

‘tively serried body, not as scattered 1ce.. If prior to the rising |
4of the wind the ice borderiné on the water was considerably dis-d“f
\-‘perssd then, in the ‘event. of wind frOm the ice, ice floes will form :
" into. strips, in which the ice w1ll remain ssrried ”Itvmay*be -
”gipresumed that a81de from its very occurrence, “the' development of '~
\

"'-":"‘str iDS O f ice is dus o the accompanying current, produced by

’ both wind and movement of 1ce.1 Therefore, although’strips of ics T

.

oLl ; -
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U opiret a‘;@peaf'aiﬁeét &t & Btraight angle to''the dix-"ectionwof the
wind (N Zubov, Sea Water and Tce, Mi 1938)) “thoey’ soon" “déviate
from"this'direction and extend“along the direction@ofﬁtheir~move-

' ﬂment and not across it If there is a sufficient amount of ice,

"?:the etrips graduelly incre

:-:ouﬁ of"the basic mass,' Strips”sOme 4’es’break awav and continue
'-moving independently of the general mass.‘ If in the case cf dls—’
7:?;persed ice, ‘the wind blows from the clear water towards the ice,
’—there forms a single compact strlp, often with bulges, and the ice
»,gradually grows more compact B F, . .ﬁ S
Strips of ice are . shown on Figs 2h and 25 It should be ,
,"i;;pointed out that the fcrmation of strips of ice is a phenomenon
occurrin mostly in the summer period and takee place only on the
o ‘border of ics fields w1th an open part of the sea. When dispersed
vnfbroken ice,v hich 18 not distrlbuted in stripe, keeps on the bor-
' 5,}der of ice and clear water, it indicates a lasting calm period and
'vuifintensive thswing of «ce..f“ , ) e e
Be31des w1nd, the dispersion‘and’accnmulation‘of ice"is af-
;:fected by currents' tidal currents, permanent seavcurrents, and
' f,ftemporary currents, appearing following protracted and deep changes
g«in wind and weather conditions.; Amcnget temporary currents, those
u‘;3wcaused by the wind-drift of ice may at times, xercise'e certain -
'~f;influence.: I
f.;‘?ﬁf;f Sea currents are a very comp]ex phenomenonﬁin themselves, and
”’Pin the. presence of the ice cover, this complexity ie further 1ncreased
jNUmerous observations and investigations will still be necessary ’

,,j»wbefore it will be possible to establish the lawe governing the

effect of Surrents on the ice cover, - Here, we shall examine énd

-66-
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QESQribe’b?t%?;f?ﬁfof)t@ehgﬁn?rai;phenomena!;suchb?sithgyLarglmani_
‘ifBSteajin~naturei;fl;,i;' : o
Amongst the currents which are. independent of the wind the

tidal currents are those which,exercise the most influence on the

ents stands out most particularly

;.ice egver.. The action of sucn c

hfin ths White Sea, the only of 1t 'kind amonget our. polar seas,

. there are’ no: similarly etrong tidal currents 1n any of the other

A,seas. The White Sea. may theref’te serve exceedingly well for study-

ing the effect of. currents on the ice cover. vLater wsishall again ’

take. up the dynamics of ths ice cover of the White Sea, we .ghall

now examine the general phenomena common to all seae, where there

\ .

Aex1st currents both inde

“t of, and. linked o, the tides.,_f _
The movemsnc of the ice caused by tides 1s similar to. the

1ndrift caused by wind Thus the displacement of ice may occur only :

_i.in a direction where there is room enough for it In thersvent of

L movement of sparse or dispersed ice in the directlon of the current

N

one may observe sonething similar to drifting caused by wind, |
>‘namely, thet the velocity and direction of ice dlffere, depending

.on whether the ice-floes are of larger or. smaller size. Inwother
r\words, one. witnesses a displacement of. large ice in regard 0 small
:‘ices The ‘more,. concentrated the ice, the slower its movement, ‘and .
a.within the ice torrent there occur local dispersals and accumulations,
.the latter may also have the charaoter of compressions. ,c_}»f;i'i-'

The velocity and direction of currents vary in different parts

,__of the~sea.t This lack of uniformity of currents reflects considerably'
on” the ice cover, causing either accumulations or: diepersals of ice.r

.compressionewill:tahe.Qlace:,qan acoumulation;ofgice;willyoccur in



‘ ﬁareae, also to ‘the- relief of

..theeepotwéﬁéﬁéféﬁrféntéﬁeilifadiliaé;65‘éénGérge;fand;aieeyrﬁfspots,
where a’ faeter current overtakes a slower one.- A contrary dietribu-
J,tion of current will result infdiepereal. Differences 1n the velo--

city of currente and dieeimilerity in the concentration of ice mey

15

33aleosbe.11nked tO‘the"confi"ﬁ ‘i}he ehoreline and in shallow

e,eea, o] om. Thue, eailing experi-
ence 1n 1ce-ridden seae hee ehown thet dispersed 1ce may be encountered
g,near ehoele and . promontories bulging into the sea rether than near o
,wrectilinear shores. Generally epeaking, the presence of ehoale and
ubanks exercises a coneiderably greater 1nfluence on diepereals of ice
than .the configuration of the shoreline, exemplee there to are 4

]

,“numeroue. ‘These. phenomena .are the moet eharply menifeeted in the ro=

‘3 gion of Severnyi Koehki (Northern Cate) in the White Sea. Thie ie

aleo obeerved to = conelderable extent in the Khra and other polar
~eeee.' Shore %anke, and; aleo banke located far from’ ehore at sea,

L;ﬁboth exercise an 1nfluence on the diepereion of ice.v It ehould here

Hﬁlbe mede clear that whet 18 meant are banke bordering on” greater depthe, -

- where currents eharply change their velocity and affect the state of

the ice precieely on account of the uneven relief of the eea bottoms.
Over: great depthe -. eay e ceeding 100 m. - the unevenneee of the eea

_Tbottom will have no’ effect or almoet no effect on the etate of the

C ice on the eurface. In the caee of emall depths only doee the uneven-

| neee of the bottom have an effect on the 1ce on the surface, and the

~

',Teharper the. unevennese, the more effect will it have on the eurface

-;ice. The following rule may be deducted from the aforeeeid““‘":a
sea. .covered’ with a thick layer of. ice, the mOrS. diepereed ice will be
_1encountered rouhd ; benke -and. ehoale becauee ‘such - epots are affected by

s w R APTPON : ‘. . T 68 - oo '?: ’ -



.. .ocurrents of -varicus'velocitles, :.This/imlé holds: good both' for banks
.- - elgse to:shore,. and. for banks’outiat :sed, ‘On: the" contrary; :over
fvdeepjdépthé;-whare3currents5arefneéker;$iceﬂniL17fonntﬁe7mcbt?part B

N

keep deneely accumulated.:(x;3u;55£i${§3'1;5'*qaiﬁr~’i3‘r

Fig. 26 shows tha whirle whichimay océur. near & cape ‘dulging

the reeult being both dispersion“and concentration of ice. There may

ice~floes.j Apparent_.

of 1ce) when an ice—flce, driven ty the wind, and lacking a streamy
lined -8hape;: - causes whir]s of water, in consequence ofwwhich the ice
located cloeer to- the 1ce=floe.’ 8 wake, eweeps into it (Figs~29)-
In addition to the above: sketches, numerous and varied examples may
.'n? .08 clted.. The principle invariably remains the eame" a difference in
| surface velocitiee in the etream results in'a local dispersal or ace

cumulation of ice_ : .ff i t‘“,ﬂ“~”--5*,:;ﬁ*ay>r3?“ﬁfif*<5‘*”

| The so-called driving and. over*aking currents preeent "

special casge, - As regards them, 1% should e pointed out that a con:
L%eiderable;rising:pfﬁﬁhe water,level\andithe occurrence of'avcurrent
~}~fi§Win;f?9ﬁ theuehore,vmay«take*placetonly'fcllouing“a“eufiicient
:,‘diepereal p%ficeJQ If thegice formééaNCOmpact‘66Vér;’neithar?tﬁg rising

't

f_of.tne,yater levelf-norzthe driving current will Have any chance to

‘develop,, It ehould be noted : that in winter “tiffe, {he - dispersiOn of

:;viice occurring as:a ‘result of - all “the~ above mentiened causes~and ‘when
- the ice{cover3o£:the~seagreachee-its‘maiimumfdeneity,_nay continue

L.



-aindefinitely, but to 8; lesser degree than in summer, in the: thawing
;:fsaascn.g The possibility of the dispersal of ice alsc depends undoubt-
. 1nedly-on~the~type-of ice.; Beaten (broken) ice disperses faster and

DRI

. more easily than- large fields. Therefore ’ areas cf the sea where large

‘»‘fields are. predominant willf“g o;negotiate even when there

-sﬁhnare 1eads and pools of clear_wa i oz ge fiedds usnadly predcminate

in the csntral parts of seas, and tne larger the sea, the larger in '

”size will the ice fields be. In the coastal areas, the following con~-

;,ﬁaditions usually prevail" in winter - hummocky broken and crushed ice,
18 ‘
4;,M.-in summer = broken ice and dispersions.. In seas covering but 8 small

¢§area and in gulfs, there is no definite rule as regards distribution
of. 1arge 1o fields and broken ice.. - | |
y' While concluding the survey of conditions, in which dispersal

",,x.and condensation of ice are being observed it is necessary to stress
'gthat g single indication of either dispersal or concentration 1s in
,HMﬂinc way sufficient for characterizing the state of the ice, As regards

rl dispersal it may be necessary to indicate the degree of dispersal

o which is determined by points of density (concentration) (Density
- (concentration) of ice: is figured by means- of a ten-degree scale‘ 0
. indicate a sea completely clear of ice, and’ lO indicates a sea‘coms

éﬁgppletely ice covered the intervening figures\enpress the degree of

;.density (concentration) of the ice ) As regards concentreted ice,

. 1t-should. be borne in mind that ice concentrated to lO points and under-
dgigoing pressure under the influence of wind or current mav nonetheless
°.,be still in a state when pressure is insufficient to‘cause hummccking. ‘
~;V10n the other hand and in contrast to the preceding case, ice ‘of & 10-
:ﬁgpoint density (concentration) may remain serried even in the absence of

i
?;ghorizontal forces acting on it - it may, g0 to speak, remain in a

|f . 70 -
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-.state . In both Caées,”the point" of: denelty (concentration) may

.""’5"be identical while# the cnfferences may be ereat as’ re%ards abopssls

5vi(cbility for vessels, and particularly 80" in the: case of broken ice.

-HFurthermore, as mentiéned above, ice often tends b6 grow thicker in

e eration.‘.UsuaIly,’J

L exceed 8 to 11 géa miles, ane)from the bridge tne distance 1s- still
: less.=,Therefore, if ‘the actual density (concentration) ‘oft ths ice :
.18 5 - 6 points, it will seem greater at-a greater distance from the
-iveesel owing t0 the comparatively insignificant height of the dbser-
;iver s, eye, and on. the horizon, the ice will seem as though 1te
:’density wererlO points, It is also clear, that the thicner the frag-~
1;mente of ice, the greater will ite density (concentration) seem to |

;‘he.i Fig. 30 shows the visual ray (from point A) falling ‘6n the ice

- as 1t recedes towards the horizon. It is apparent that the thicker

. lce. fragments will sSeem continuous already at the’ distance OF Alb,
~;whiie1theithinner~fragments will-seemutOWbe merging-only atfthe dis-

‘,;tance offAlc. -The- greater thickness of ice fragmente will result

»ooin e certain recession of ‘the. horizon from point A ‘and- this will

';nfurther enhance the impression of continuity of” the ice.‘ Thus, the

.;aesessment of the density (concentration) of ice may be accompanied

' <‘iby certain distortions, in addition, the\poesibility of'an’ individual

- TL &



thickness of ice’ originating“

SOy

mistake by the observer should also be reckoned wich. Cioser:to

Aols

reality will be the assessment of the density (concentration) of ice

"):

made from a.n airplane. v L EN e

Thickness of Ice;and Its Amount

Mention has already b € ference between the

_norma freezing s and the general

) size of ice, formed as g reeult of varicus deformations. In the cese :

9

of normel freezing 'y the thickness of ice depends first of all on -

'V the amount of heat spent by the sea.' K Weiprecht csrried out his

A

f

:q; temperature., (The number of degree-daye of frost indicatel the total

first observations on; the growth of sea ice‘while wintering on: Franz-v

' :- Jcsef Land and eompiled the following table giving the correlation

between the thickness of ice and the nnmber of degree-days of freezing

;f of mean, daily, helow-fre621ng temperatures of the air )

vt

T J h 1 o "vi.fr;',e_

500 C produces ice'A 51 ‘¢m thic

ys..1000 R R ;e .;f
N 2000 . ] | " 115 ) :: :: - ,' . ( : .
: N -:-: . OOO oo N i 1" 1" 170 ".,‘.:A‘ " o . o
N 500@ Sl S :1 189 | " "o
n 6000 - - ) ' H’ 208 7] . 'nA )
7000' - L . ,l:H 222 y: ’;.‘"V .
°. 8000 »\A; : ‘, ( .n \237 " v 1" .

K Weiprecht figured out that in the event of uninterrupted normal o

freezing, paleocrystic ice in the area.. of Franz-Josef Land may reach
the limit thickness of 2 6 m. This figwre is verv close to what has

been observed in the open sea. Thus, en the level areas of ths ice
S P

pack fields, Nansen encountered ice about 3 m thick' the thickness of o t.

ice of the drifting station "North Pole" was also 3 m.

As a result of numerous ohservations carried out on pclar

»‘stations located in various parts of the Arctic, it has hecome posS=-
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v.ljvlsible to- eetablish more accurately the cerrelationibetween the growth

1f'i%of ice and the number‘of,degree~days of frost and to determine the

increase in thickness of ice in various conditions\ﬁ”f"* ‘“';

N N Zubov gives the following table of increase ‘of ioe o

‘,cwith a given freezing temperature

i

'A.thicknese in. cms during one da
i ar 5 given 1nitial thicanese of lce,

Thlcknees Mg |
fx ‘of- Ice y S 2l S
L0 0 2.29 |'3.02 4 3,72 ) bl
R IE N i LGk 256 3 171 3,76 1
L 100 05T 0 1.68 1 2.2l (2,75 1 3.38 |
F s oonde SRR S RN /e A3 2 89;
S O 18 Lk pIloe0s |
Cbo 092 |12 .1.52““’ 1.82
R 7 0M80 1 LL06 T TR 53

\_,\,;.,v

7

'iThese‘correlations and computatione hold good only on: condi- .
‘ tion that tne ioe forms in consecutive level layers and does not
"change 1te position throughout ‘the- winter, is not broken up by either 4
.jwlnd or currents, and ie not subjected to detormations.‘ If such;were'
| ‘the: case, it would be easy enough to figure out the thickness of the '
»ice on’ the basie of temperatures and to determine ‘the entire amount

2of ice in this or that sea. However, the prooeseee which produce de-

uf ;formation of the 1ce cover disturb this simplicity, and at the present

:t;:time it is still impossible to either figure out or; even determine

A

:.: }the actual mean thicknese of the 1ce cover whiohehas been eubjected

"{‘;to preeeure and hummocking. We neither are 1n a position to determine

- E

”the amount of ice in tons or cubic kilometers, and this owing to ‘the



~igfacttthet;?aﬁartgfromathe~ahovefmentioned‘reaeon;iwe d6-not: know | ‘
- ‘what ‘fraction of the surface-of the “ses nay bercovered with'lce. \
r‘»Inaaed'ﬂit»wouldﬂbewharahte‘eeizeve.that%thers@eeﬁldvbenpreeéfeéd

in the ‘open. . sea even the smallest strip of ice unaffected by the

x~mgeneral mpvement of 1ce- wit

£ :andcbreaking up,: and its'acccm >1eade,.etc.-~
All the aforeeaid does not however, exclude ‘the possibility '

:;;of clearing up certain points. It can- thus be etated, fcr inatance,

wﬁfthat the action of deforming forces leade to the increaee of “the

iﬁfamount of ice in the given units. It hae already besn.- stated that,

J

iv?following hummocking and rafting in the bared @arts of the sea, ,
‘q‘ - —
‘Q;”+here may occur complementary ice formatione which may be approxi-

-

bf__matci« computed by meane of the eetablished empirical fOrmulae and

33\;on.thevbas1s of weiprecht s ‘table.

A

%n, »anEake, for example, two equal areas, on which the formation of

'vice takes place (See Fig 31) Given 500 degree-daye of froet the

i

a;iwthickness of the ice in both cases will be identical namely Sl cm.

‘}Suppose that thereafter, following the action of the wind rafting

4'*7has occurred and the ice of area A has been rafted on area B In such

o covered with ice of double the thlckness (102 cm) Suppose that the

”ﬂ1case, the whole of area A will be clear water while area B will be

;;formation of ice contlnues. The next 500 degree-days of frost will

%';then produce an ice cover 51 cm thick on. area A while on area B

fils cm of ice will be added to the former thickness of 102 cm. Thue, oot

as & reeult of etretification in conditions of 1ooo degree-daye of . '

"3?1frost there obtaine a total layer 168 -cnm thick on- both areae,

“.’,taken together.. If the freezing on were taking place without breakh
\

-in%;up'and rafting these very,loqogdegree;days of ‘frost would have

- Th -



resulted in 80 X2 -.160 cmron both area..‘Therefore;nowiné tof‘

- the interference\of the force of the wind there obtained a. eup-
plementary grewth of 1ce, an extra 8 cm on both areae taken to-,
gether.. Thie amount of ice formed in consequence of the fact that

Ao

 ..the growthzof 1ce wae~more-rapid'ﬁ”wthe part which had been«free from

ice than the part where an ice cover'was presento sFor we know that

Ay

f the 1atter delaye hea ;flew, th*”7greatly affecting the growth of ice.

Thus we see that a. supplementary amount of ice ie being

formed owing to pressure and 'L":cking and with ‘8 considerable

he oftener there occur raftings

"thermal loeswfor.thefvea wa
o and accumulations at\sea, the more supplementarJ ice 18 producede ’

We know too that stratifications are not 11m1ted to single raftinge

' of one field onto ano r; ae indicated in our example. Above, we

have examined various cases of hummocking, and we know that when
great pressure occurs, large eized level fields may pile*up into B
" immenee hummocke, which may be comparatively small in surface, but

very important in height and depth The reeult being that oonsider-

eble areas of goa are freed of - ice. o

, Accumulations of ice piled up on coastal shoals and on float-

. ing ioe-fielde in the—form of hummocks are mostly depeﬁdent on the
force and direction of the wind It ie clear that in caee of pree:
sure, theee accumulations will be the largeet where an important

i mass of 1ce is in action. In oomparatively cloeed seas, such asg’ the

. Lara (particularly its south-western part) and “the" White Sea, piled
up 1ce cannot be ag. immenee in eize'as in the Eastern-Siberian or
Chukotek Seas, where there 1s open accees to ice from the polar Basin
(Fig 32) When w1nde drive ‘the.. ice towards the shore, ths- forming -

of hummocks will be more inten51ve.>}72&53;-_fi":}"



Therefore, the basic factors, erercising an influence on.

_,theofermation of ice, its supplementary growth and its general

-.iamount (1ts. volume) are the' following' l) the temperature of the
.air (degree-days of. frost), 2) pressure and rafting producing 'sups

-

nd, increasing the voluaeﬁofiice;‘B)

,p.,tl;emen‘\cax;y‘ formation of ‘1ce.

‘mount of.icel Amongst such the main part is played b wvarm

"”;; sea”currents. The amount of ice in any sea is directly connected

"“’qito the amount of heat brought in by these currente. Thus, for ine

:V7, stance, the ice regime of the Barentz Sea and partly that of the Kars,

f“}”Sea depend on the warm current of North Cape. The influence °f this

.Ewarm current is particularly sharp in the eouth-western part of the

ea, which never covers with ice. :~~;..

Se

Pt

;Barent

‘*ﬂwarm river waters also exercise much influence on, the amount

'yThis is particularly strongly felt in the Kara Sea, where
ﬁﬁftjthe'r,vers Ob Yenissei and Pyassina play an almost decisive role in '

ng‘the ic tﬂituation prevailing in the region between Dickson Island

'E’and Vilk,tzki strait The waters of the Lena Rlver affect the ice -

'h}iin the eastern'part of the Laptev Sea, and the waters of the Kblyma

‘75fh“:e'an“1nfluence on the Eastern-Siberian‘Sea, etc. waever, no

"*“definite connection has a8 yet been discovered between the amount of

.p-pice in Arctic seas and the amount of river water flowing into those

"[seas.,l

The permanent currents carrying ice out of polar seas also

”“irihave an effect on the amount of ice in those seas. In the Arctic

e

'seas of the Soviet sector of the Arctic, ice is being incessantly

g ‘fcarried out mainly into the Central Polar Basin., The only exception
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©

(

: of time. The question of currents in® arctic eeas is one of para-

- to the study of the dynamics of ice‘ 5*”"¢gi~"

;

isvthe Barentz Sea, where the ‘1ca” 1is mainly destroyed on the spot.
At the same timef»ice from onle- Hea, ie being carried into another gea, .
Thus, a certain amount of ice i driven out of" the Barentz Sea 1nto
the Kara Sea through the Kara Gates (Karekie Vorota):, and through the
wide paseage between Franz-Joeef Land and Cape Zhelaniya.k Part of

the Barentz Sea ice ie aleo driven into the Greenland Sea.* From the

Kara Sea, the ice ie carried out into the Laptev Sea through the

i— Vilkitzki Strait frcm the Eaeterh-Siberian into the Chukotsk Sea,

etc.' The amount of'ice carried out depends on’ the velocity of cur-

rents and on the winds. In addition, the drifting of ice out of

euch seae also depenGSaon thelspeed of the drift of ice in the Central

Polar baein.v As tne latter 487 subject to fluctuations, the move-

_A‘
‘‘‘‘‘

. ment of ice in the eeas 8t uated ot 1t periphery also fluctuates

y»;,

and varies from one year to the other; s vell in shorter periods

.,.'

A

‘; mount importance, it ie alsc orie” o the most: complex problems linked

!

‘\“r
s

- Snow exorcises a certain” 1nfluence on ithe. amount of ice, and

its significance hae alreadyebeen examined Snow WhICh has fallen

". in autumn, when the formation cf tce ig’ beginning, somewhat delays ,

the thickening of “the ice c0ver, thereby reducing the amount of ice
in volume units. On the other hand when a. enowfall occurs before
the beginning of thawing, it reeults in the cooling of the water,
and the thawing of ice is thereby somewhat delayed furthermore,
when enow blankets the old ice cover & ehort time before the terminae

tion of thawing, its ‘may altogether etop all further thawing., There-

\'b fore, the determination of +the: amount of snow- which has fallen on

A

. the ice.- and on the surface of the gea - both at'a given moment

.



‘ and tnroughout the year - would prove of great importance and interest
We thus see that apart from thawing, the follcwing conditions
have an influence on the reduction of the amount of ics" l) warm .

currents and” river waters, 2) the carrying out of ice byzpermanent .

currents and. by the wind,.3: "o the ice -2t the> time of

freezing.
As mentioned above, the presence of old ice, which“haeﬁnot'
JRR had time to """ melt in summer and wh ch reduces to -2 certain extent ‘the

thermal output of the sea at the beginning of winter, also exercises o

an influence on the amount of ics.f .}.

N

75.”>',;;zi?ff“? ‘ Measuring the Thickness of Ice.

§ As stated prsviously, the actual thickness of ice at gea may
in no case be unconditionally compared to theoretical thicknees of
ice, i N -F to that of. ice of normal freezing, ccmputed on’ the basis of -
ths amount of heat used up.. for. the forming of ice. . "fffihaxu“

Direct measuring of the thickness of sea ice is eomewhat

/

difficult owing to the unevennees of the upper and lower ice surface.
'.H_rIt is quite easy “to’ measure . emooth even ice field, it is sufflcient

: ito take a lath with -cme marked on it and with another, shorter lath

at T
' =

N attached to its lower end at a. straignt angle, and to apply it closely

to the lower surface of the ice, +hereaftsr marking the height cf the

~

ice field But such level ice ie exceedingly rars at eea and may in
'Kf no way be coneidered as- characterietic.- The problem of measuring a

hummocky Ffield is entirely different Drilling thrcugh'the field }

until water is reached’ andlguﬁng the measuring lath thereafter cannot

be expected to give accurate reeults, as the thiokness measursd applies

but to _the. accidentally chosen spot The following msthod may bs applied

cw,
. - RN



l+'_%ﬁz;”

for the approximate meaeuling of the thickness of an»uneven hummocky
.Mclgfield' measure the height of the floattng part of the ice at eeveral
:qiepots, determine the specific gravity of the ice, and then, uelng the
,neceeeary formula, flgure out the draught of the field.l“Inacouracy
oo the determinatien of the epecific gravity and of the mean height‘
‘a g | ' l, of the 1ce field above sea level will not entail too great!an grror
| s;~1n such approximate measurements. Of all available methods, this will
;jprobably glve & result cloeeet to reality, fﬁ”“"f“é ?Q: *;'
' - We - ehall cite eeveral examplee of measuring of 1ce. thicknese,
:‘ﬂcarried out in’ 1937 1n the Kara Sea on the lce breaker "V Russanov.
~Fig 33 ehowe the measuring of the floatlng part of & fragment of
hummecky field, which had been formed from thin 1ce. The measurement |
was, taken on August 23, near\the western entrance 1nto Vilkitzky
1-Stra1ght At poin+ A the height of. the- above-water part of the frags.
, .ment of fiel& wae lO cm. At a distance‘of 2l m fram this noint, the
| 'height.of the ice which wae increaeing gradually, reached 130 cm. .
On Fig. 33'the above-water part 1a. related to the submarine
_part at a ratio of 1t 7, in other worde, one above water part corree:
ponds o T eubmarine parts.f lhe echeme showd’ that 8 comparatively
f,emall fragment of field hae a draught of mere than 9 m.- It may,
_jhewever, be. presumed that in 1ts central part “the field has a still

/ [
,Lgreater draught becauee the height of tHe: ri&ge of hummocks rieing

" on the, surface of the field has been cnscovered 0’ reaclr 100 ,205 end
.jlhs-cms. In addition,la layer of snow lay on the- fleld its depth
_ifluctuating between lO 15 and 20 ‘oms .  1¢¢§-fi; Q'”vffT ‘Jf:*{v{
In order to give a characteristic of the size of ice-fielde
.Lin the Kara Sea, we; shall cite two other measurements taken on”

- September 20 of the eame year to the West of Zarya Peninsula. The
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\ice had been driven towards the shore by the current and ‘had been’
"subjected to pressure, which had occurred as a" result of the’ action '

of wind andrcurrent~ ~The"ice-f1eld was covered with:a layer of snow

= 'éh'cmS’thick, Thickness of "separate fragments of 1ce on the field

reached 100- 150 cme._ The hei“ ‘idge_of hummocks was 300 cms
‘from the surface of the field; and*330'cms from the level of the water.
,The height of the above-water part of the field fluctuated between 20
andf55acms. The height ofa separate hummcck, located on 'a fragment of
the“hummScky field ‘reached~290~300-cmsa ~The measuring of another 1ce-
field yielded the following results. height of hummocks from the water
' ‘»level - 1&7-182 s, from the surface of the ice-field -'95- 130 cms.
' In. approximately the -game- spot (slight farther to NE), new measuring
-of ice and snow was carried out on September 25 after repeated pressure '
had eccurred.“'It was dieccvered that the layer of" cld (hard) snow ‘on
the ice field wag 20 to 50 cns- thick while the newly fa*?en'snow lay
5518 cms”high The thickness of fragments of hummocks fluctuated between
l667aﬁd;200 cms, The height of’ the ridge of hummocks was 250-300" cms
from the surface of ‘the field and 500~6OO from “the level of the sea. =
The height of the above—water ‘part of the ice-field measured at several
i points, was 29 70 and 120 ‘chig. The" height cf separate hummocks, which
«had formed as a: result of the last preesure and at different epots, was
i OO 300 and 500 cms. é;eT?L*‘ . | e
The data g1ven shows to what height ice may be piled up a8 a result
”*of preseure occurring in summer, and what magnitudes may be reached as
:t¢regards draught of hummocky fields. Thue, 1f: in the laet case we take
the height ‘of- the hummock abOVe ‘808, level as 5 ms, ‘and’ take the ratio

'of the above-water and submarlne parts as~l 7 “the: maximum draught

-;;;ehOuld be 35 ms. These examples clearly demcnstrate that in arctic o
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geas, ehe mean, thlokness o ce mav eons*éere‘,’bl,,r qurpase the llmit

AN

thickness of 1ce of. so-called normal" freezing (2 6 m) ?venein xq»

,the White Sea the mean thickness of 1ce is considerably greatenq

Thus, for instance,fmeesuremente carrled out on. the iee-breeker ﬁf

"V Ruseanov on March 19, 1937 in the central part of the basinlnear '

; layer of snow on

10 cmé.,"Heiéht of:the abf"

‘ very'seldom. “1: f&ﬁia Qh;-‘{Tff~_.Aﬂ}'{fﬁn~f&f;}Wﬁ6v?5

The draught of a, hummocky 1ice field may be determined pprox1.;f

mately upon observing over what depthe 1t goes,aground _I }th:’Karnvu

jSea, hummooky 1ce ’ie;ds of medium thickness go aground over 9 5 m.;f?

depths; Separate detached fragments, ccompanying the field at af;

‘~greater depth cannot stop the proeress .of &.Fleld, which is: drlveu‘b o
1wind or current &8 it goes aground only with ;ts more compact massr@;h

,xwhich ie frozen together.. In the.White Sea, hummocky fields etert going
_-aground in eix meter depths.o Ae regards ice in the Laptov, astern-lﬂui

, Siberlan and Chukotek Seas, we.. have no sufficlent data on- their thlck—5>

ness owing +o the abeence of dlrect meaeurements. It may, however, be »

presumed that their thickneee is greater as ice 1e here subjected :

more.powerfulrpreesure. -The mean thicknees of icesin the Cenfral Polar‘

i

baein may be presumed to be conslderably greater too.
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e 4'_4?fiif: CLASSIBICATION oF SEAs -

- ; L. . EETCa

e ACCORDING 76 I8 REGIME.

. (This sndeavor at olaselfication doss not olaim to b
. thorough and rsfers solely to ~8eas. of the Northern o
hemiephere ) - . , :

To complete the cheracte }'e set forth in the

»preceding Ch&pters, we shell give~below the general distinctive R

CTA
[

'f‘treits of the verious ice regimes prevailing in different geograph—
16 and cltiatic conditions. T -‘I
Depending on' the permanence of the ice cover throughout the o

;year - on whether it doee or does not disappear completely, (or .

_partielly and to whet extent) in summer - end also depending on llf \

tthe changes in the ice regime occurring from year to year, it msy o
:"be statéd that three basic groupe of seas should be distinguished. i
'Their peculiarities are given below. ' ‘ S :

(A somewhat different clessification of sees and sections of

" ocean as regards to lce conditions had been _suggested by N M. Zubov
in his book "Sea Waters and Sea Ice,™ 1938; it could nct be utilized
by the author who wrote this book in the end of 1937 and beginnlng
of 1938 ‘#hile ‘wintering on Franz-Josef Lend. .The author's sugges-
tion is no doubt of considerabls interest. waever, his cleassifi-
cation’ghould’ be’ considered ag a very generel outline, whose ’
practical cpplicstion to different. seas: might require, dn certain-, |
.qchses, ‘soms- more accurate definitions ae well as some reeervations.)

13

: Group-I“- Seas with k) seasonal ice cover. The seas be-

Jlonging to this group are located in the climatic zone, whose'“

-

%3aptroximate boundaries are the following' to the eouth --the

 Jeiiary o isotherm, end o the No¥th - “the yeerly o 1sotherm.“‘As“' |

a general rule, the following peculiarities are cherecteristic of Ny

g gl

s the ice regime of these eeas. In summer, the sea ie completely .

'cleerfof*icé.‘ In winter, in the meJority of cases, they are not .

completely covered with ice, often, most of ‘the surface of the

o - -
Gt

N
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sea remains clear of ice throughout the enfire year. ‘The seasdn
o of’ thawing is very short and the types of thawing ice are there—

ce,regime are very considerable

fore not lasting.; Changes in. therf

from year to year, in this connection, the ice amplitude of this

group is the highest of all :'ngsu A considerable fluctua-,

. tion‘occurs not»only.as regard' he surface, covered~byaice;;but N

~algo as regards the lengt;v' fduring which dce prevails, and

’-_ as. regards the amount 03‘1 e. ( haracteristic peculiarity is that

sreaches but a limited thick-

ths ice, _hich-is awjonegwinterz
. ness by way ef freezi' : led-up'ice.maywreach consider-

able-size., The individuel{peculi tigs of the fée. regime of

: various seas with sease‘ l "d‘to a great extent on local

conditions, and are therefore much more sharply manifested than in

' the seas belonging to the next group. - ;ﬂ jﬁzfyffi;.wlﬁ':?V‘f

p :
: Group—II : Arctic Seas. The boundaries of the zone, taken

e up by the seas of this group, may be outlined only in .8 general

‘; orlentative way' to the south, the yearly O isotherm, to the ﬁc

\f north - the limit of active sailing of vessels 1n the eummer

time.v The Northern boundary is therefore close to the locatlon of
the slope of the continental shelf i s.‘close to the boundary of

the Central Polar basin. ?The baslc characteristic peculiarities

of the ice regime of. arctic seas. are ‘the following inuthevsummer'

season, the thawing of ice destroys but part of the ice cover of
the sea, part of the ice remains unmelted when the new freezing

; period starts and therefore experiences a'second winter;’xIt should
be noted that the period of thawing is protracted it lasts
throughout the entire summer, as a result types -of- thawing ice
undergo considerable.development:andemay be observed“at sea for
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‘ & 1ong tlme. As B general rule s the mm ti-annual amplitude of"

:..-"the e“xtent o_,,;-ioa is less ’cha.n 1n geas. with séaeronal 1cé.

*.Group. III - Gantral Polar Basin._ 'I‘l(le:.saas wh;ch stiould be

~

-,.:cil*g‘,s‘gifiedé’ dn ;.Grcaqp‘ I1I, .-gr‘e’::fre‘.present‘g& by . thei‘Central Polar Basin

. of:ithe. Northern:Arctic.Ogean actually 'ejépfeéSGd~'zvin the

ctitles -'I‘:hé‘-n.‘gsdgraphicazl boundar zoneare thereby -also
" definied. . The: 'pole-of inkdcessibility" shiould e éjm'siaé're'd- 8
- ‘.v.the_,:gﬁe'n_fb‘e:f'féf thie zone',  The: char.!acfl:‘eﬁi'stic"'t‘ra‘i'té -of the ric;'e.'\
v‘rga’_gi;ne; are the }ﬂé;'-ih-‘owing;:. - the: most! powerful-ice f'o’i'matvibﬁs ‘are
: a_:“e'nc,cmnﬁered “in.this zone:w' 5]:arg"el* éi»z.,e"d.', ‘meny- years’ old hummocky
ice fislds, which’ représent the so-cal]ié'd’ "31063‘ -p'zsték"", b’o‘farihé the'
“entire: Centra-l Polar Basin: with‘ a comparatively Bolid and contin-
- uous eover, -The shape and. size ‘of ‘the’ f‘ields forming the pack
_undergo. _.lifchle; change .during the ;f:ha,wing season’s There ‘oceurs.
. i-.a,lmo_s}i{;no.‘pre’aking u;i'.,at;"al'l of: humt?ckmfi_eild,s,wnlyf citu'shed‘ and
Acrﬁmb;-led_ﬂicé; disappﬁai’-é;inl the. pools (@1m) of water, i+ V. - |
| No considsrabls .areas of sea ars-cleared of ice even foward
the end.of. the -fc;hgwi_ng;_, season; therefoie » both-the amual a.nd
1, ;nulﬁigaz@nuq; ,ajinpiiﬁ&d;e of iciness ( e:;*ﬁeng?p: e6) ‘are’ extrersly

- o L e PR AR e R N
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YL ', CATEGORIES AI\ID TYPES OF. ICE FORMATIONS AT

THEIR DENOMINATIONS AND PECULIARITIES

B

Despite .the. seemingly infinite variety of sea’ ice formations,

they'may be divided into se'eral basie categories, and e latter

[ N T U P S
< T TN R o - T .

.into separate types. ‘i"»ivvs¢.«ﬂ

We shall endeavor to establieh a classification and'to »j'f

determine the 1ink between various“ ztegories and types., Ae.far:

A~as possible, we shall pro ed in the sequence*in which categories

;%‘freezing eets in and dis- L

and - types of 1ce appear at ﬁea'wh

appear when thawing is unde‘ ;‘ and'we shall ngé’ ag basis the 5

R SV
ARSI v

. ‘most. commonly accepted de‘ominatiOnp_sp..g,.

First ef all ‘e, may distinguish two basic categories° *ice*
V‘originating from normal freezing, i.e ice,,whieh has not been’
?”subjected to any deformation, and defbrmed ice, i e which hastf
"been subjected to pressure followed by'breaking and hummocking.pw*'
;These two basic categories may "be divided into several groups,f
and each group into separate sub-groups or’ types.‘ it should> e
further be taken into coneideration that while freezing weather»N\
prevails, all categories without exception may ‘be - encountered at:‘
' sea, starting with the initial types - slush and young 1ce - andh
Tending~with the most powerfuluaccumnlations of hummockss_ lnsthe;fi”
thawing season; there;occnre}theiéradual disappearancelof tarions v
type of ice, beginning with the weaker and’ smaller sized ice.ﬂ |
Towards the ‘end of the thawing season, only the larger types
remain in evidence. Therefore, the nnmber of types of ice encount-

ered in Arctic geas in the ‘summer time, ie considerably smaller,

»than in the sesson of formation.
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e

we know that sea ice may be divided.into stationary ice and

- drifting ice. To the first category"belongs ice which is in some

'way attached to the shore, and also ice which is grounded on shoals.

pi In the category of drift g t’ce floes ranging in size

| from small fragments to 1 ] ds hundreds of square

At

”kilometere in area, which movse . freely when driven by either w1nd

or current
.

In accordance with the above, sea ice may be classified
'1according to the following table,’ which however, include but
the more important categories and types.l T -

( Such classifications of ice exist in-our country and abroad

"'in séveral variations, Some of. them originated from experience,
others were suggested or worked out by scientists. As the study
of ice developed more ‘and more extensively in the Soviet Union,
the need. for a unified and generally recognized classification

and. terminology of sea ice, made itself more acutely felt,. The .-
result was that, in 1926 a special commission of the Hydrographic
Office worked - out a classification apprOVed at the All-Union ‘ :
Hydrological Congress and published in the: "Album ‘of Ice Formations"
(Hydrographic Office ‘publication 1926 & .1931) and in. other publica-
tions, Later,*this classification was revised, and ‘the revised -
form was approved ‘on May 26, 1938 at a eeesion of the Inter=.. '
departmental Bureau of Ice Prognoees ‘of the Northern Sea Route:

- Administration. This classification is’ now used  in Soviet aretic -
seas| It also served as basis for the new "Album of Ice Fbrma-..
tions"; published by the Arctic Institute in. 1939. -

- The classification given in.this: chapter by the author, differs
somewhat from-the classification accepted by the Bureau of: Ice:

_Prognosee. Nevertheless, in order to keep-'a record and make” the
fullest possiblé use of the author's extensive experience, -t
" was deemed expedient to publish his classification in- ‘the very

. form which it had taken as a result of many years of work in-the
domain of ice, and without. endeavoring to adapt 1t to the one now

accepted ‘This 18 all the morse' suitable, a8 the differences - .

between the clagsifications are not substantial while the main :

purpose of this chapter is’to describe the peculiarities of ‘the.
various categories and types of gea ice. Editors Note )

".‘".‘5’ *{' -
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W

8

3

10,
,,ll,f
12.k*
13..

W,
15, .
- Hummocky fields -

16,

17

19,
20.
21,

"Salo - slueh :

- [ - . ,

* Thin level Ice [T
--{Thick level. ice j;; *? Tl

-ePack ice

TABLE

e U

- Freezingfseason

“SEA SEA_ICE T

‘ Thawing Season';"lﬁ"

Dr :tiggrlce. vv".

. A

Shuga - youna ice

- Dark . nilas - (lee" r'lnd'?)
L’Eht gray nilas - '

b?

“,.I

Group o

-
. 5

Do not encountered - E
"“ Thawing level field

Deformed Ice.4{~75'f5

¥,Broken Ice (mixture) co
- Large fragments SRR
Swall fr., brash, elob,’ T
‘Crushed ice” - - Cn
:Ice kasha - ice sludge E

Pancake ice
onezhura - enow s]udge

/

L1ght hummocky 1ce
Smorozi - floes (?) -

Heavy hummocky ice:-
(aleo. paleocrystic)

o B.

Group of Broken Ice -

: d Group of Hummock Ice

Broken ice'3¢371),' oy
Large fragments( thaw1ng
Small fragments Quﬂﬁff;«

f;se
9.,
RRTes
e (
: 13. )

' not encountered P

not encountered r~}ug -

‘ flh. ,
15.
16,

ars

: f.:18}"

Thawing fields (also ;
fields with through o
- pools Of water) «... ..

,'; . L

" Level lendfast icé .

Hummocky landfast ice ;

Stamukhi - grounded ice |

Thawing landfast EL T

2o (
21,7 ) Melting stamukhi s

- CONTINENTAL ICE AT SEA

= ap Iceberge
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-In order’ to characterize the ice formatione enumerated

below a brief description of their general aspect ‘of the progress :

i

A_of their formation, their eize and ‘other. peculiarities.

SALO - Slush - iefa”*acc '*tion of- ice crystals (needles)

in“the surface layer“o :ve not yet frozen together |
'into g continuous ioe crust (Ice needlee is the very first stage
of formation of ice’ at sea. ) ‘Slush floate on the surface of the :
sea- in the guise of separate dull-colored patches, stripe or
accumulations;‘ In a- light wind and elight ewell these accumul
ations prevent tne appearance of ripples, they therefore etand
Arout véry eharply on the ‘surface’ of the sea, and haVe the appearance
of .patches of oil which smooth the ripples. The thickness-of'a
layer of elueh is’ no- thicker than 0 5 cms.i Slush very rapidly
develops into other ice formations, and it may therefore be ob-
gerved. only in the period of its formation.‘ At the end of the :

o freezing eeaeon, slush is encountered only in pools and near the B

L

edge of ice fields, and then only in insignificant amounts.r o

SHUGA - Young Ice - crumbly, separate chunks of ice, of &
-dull ‘dark: gray color, forming on the’ eurface of the sea, from _if
slush (salo) whiqh is in the process of freezing together. e
Freezing together starts in the center of a patch of slush and
_thereafter epreads tcward its edgee.‘ Slueh may therefore 1n-‘:
variably . ba observed on the periphery of young ice.- The sol- :
f:idity (etrength\ of”foung ice is insignificant and it often L

;breeke up in the ewell The central part of a’ chunk of young ice-

is always darker in color.w Its thicknees is very irregular,

moetly a few centimetere, but may reach higher figures when o

2

‘:subJected to- pressure.



As the formationigfkice'deyelops,:both,slush and young
ice soon Qisappear and? if’freezing;proceeds,inscalm weather, .. ' -
4d:they:are;transforned ingtoﬂdarkinilae; invtheievent“of~defonma§,
tions,‘alconcentrated thick mass ‘ensues, and no pancake ice~ o
appears. In the event of an abundant snowfall sncw remains for

a long time on the central part of patchee of young ice. When

,b_ thawing eets in, young ice disappears as fast as: does slush

DARK NILAS ~ forms on the calm surface ‘of the gea as. a

result of the freezing together of young ice, and actually re-_,
preeents an already continuous although thin ice eheet ef a.

' crumbly structure. When nilas floats on the surface of the\sea, -
its peculiar characterietic is its darh color.\ In the midst of _A
old. ice, particularly snew . covered ice, dark nilas almost looks
black. When taken out of the water, however, it turns out to be
a 1ight gray,‘flat crumbly and non-transparent ice. In calm |
weather it may cover considerable areas of the sea with an almoet
continuous sheet leaving a: small number of pools with slush on

) the edge and clear water in the middle. Its thickness is
'.irregular, about 2 to 3 cms. Owing tc the considerable quantity
‘of brine on the surface of dark nilae the 8now which may fall on
1t, does’not keep,long and,thaws_wery:rapi@ly,ﬂ;Dark nilasmis-~: a
:encountered'in\pools or inionen areas ofithe sealthroughoutvthes‘
entire freezing season, w1th further freezing,.it develops into :
light gray nilas, when w1nds blow, it may form raftings of con-aﬁr
siderable~size., A characteristic peculiarity of the initial stage
: of rafting is the entwinement of the edges of nilas ice floes,
which have rafted onto one another. As seen on Fig. l3 this Wi
_ocecurs by meane of long tongues which easily slide over the
surface of the icef At the points where raftiqgu(Stratification):

R
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'structure. If the freezing on. takes place on & calm.sea and in o

hag occurred, dark'nilas:acquiresra'light,gray 90;9?1335;1¥ the -
event of swe114 it often produces.ice sludge ‘broken orkpancahe ’

ice; in thawing, it disappears, forming no new types.,‘ﬂldpq .

. Lignt gray NILAS~ devels p&’ Fiioin ‘th  further. freezing of‘ dark

. nilas, and retains the chﬁr, e¥l's c* rait of nilas ice, a crumbly

.A,‘

R

B - D

strong frost and in the absence of snow, salt: crystals of a :g: )
feather-like aepect appear on the surface of the nilas. Light ;;;“”'”“
gray nilas may‘be»7‘to 8¥cms:thick When freezing Proceeds“in ‘;;:'”'
calm.weather, yery considerable areas of: the sea cover with a .

continuous sheet of nilas, and in the course of. the entire co]d

_ period it may be encountered in pools and leads and in areas of

Q N

the sea which are clear of other types of ice. In the process _‘

further freezing it changes into thin, hard. ice. Light gray

‘ nilas is the verv first typs of’ice ‘whioh retains snow on its -

surface;_ In the event of deformation, it produces broken ice,.,h

and in the event of nressure 1t forms insignificant hummocks,‘ .

.~ rafting may produce}considerableypilingnon;.;When‘the_swellgprerpm?w’

vails,mit"changes’intofpancake’ice;l'When brokenj;it retaine,itsi:
characteristic gray color, wnile in rafting it often acquires a ;h
light greenish coloring. j.il

THIN LEVFL ICE s the first formation of. hard ice, occurring

in normalﬂfreszing. It uSually has a smootn level surface mostly

covered,WIth“ice. Its thickness ranges between 10 and 30 cms.f

In calm freezing,‘fields of smooth level ice may reach consider-

' ably large sizes, but if they are subjected to wind 1n the open :

sea, they raft on top of one another. . o fq ;?g');';ui_
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f“»"it may also be subjectedrtozraf

" Only 1n closed gulfs and beys can smooth Ievel ice develop
~without ‘any rafting occurring, and later change into thick, level

ﬁfice.' In the. event of deformations, thin, level ice may develop

‘,;into various formations,'intc b{cken, crushed er hummocky 1ce;

nd’ I"orm 2. 3 layer fiolds,

- which retain & smooth surface. In the event of hummecking, it"""

forms very considerable ridges of ‘qks, and high stamukhi

;‘(grounded ice) on shoals and banks“

Apzedges of broken, thin smooth 1cu, Qave:a greenish color, part-li?

S

icularly in the center, ; : ng'to gray nearer to the upper

and lower surfacesa wing:season sets in, large pools

form on the surface of thin,

crumbly and thereafter breaks up very easily.

THICK LEVEL ICE represents the final stage of development

u~"~,

of thin, level ice.: I8 further ncrmal freeZiggmen cccurs for
fthe most part in closed bays, where, in the absence of strong
~ sub-1ce’ currents, level 1ce may reach a thickness of lOO to 200 ’

o, depending on. winter temperatures of the' air a.nd on'the

thickness of the snow layer lying on the surface at the time of

freezing.‘ This type of ice is not often encountered and 1n S

g

~?most cases, proves to be rafted ice, In the thawing season,

,,,,,,

A*pools form on thick level 1ce..,When subjected to pressure, it

?-breaks up and Iorms hummocks and broken ice. When:thawing sets ‘

jin, pools form on the surface of thick level ice, and thereafter'-

R >

it breaks up into separate small chunks. '*'”7*"wh

Illustrations to the description of 1ce formations, may be B

St e ATy
SRS AT

seen on Fig 35.
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_contrast to nilas,«the"A

level ice ‘which gradually grows %ﬁ\

33



- BROKEN ICE in'all 1ts various forms is one of the most
' wideeﬂread types of séa ice. Broken ice is ueuelly encountered
between ice fields, but 1t may often occupy extensive areas of the

Sea.

Broken ice i beislcall or 1 breaking, and. also of 1
the breaking up of ice ‘flelds of ar us'tvpes. The shape and |
'if‘thickness of broken ioe depends on which type of ice it has o
voriginated from. The comparative amount of broken ice in various
~eeae is Very different -~ I seas, where drifting ice is numeroue
“”there ie more broken ice than in’ eeas, where mobility is ineign- ’
‘:.ificant .; . B ‘
| The comparative amount of broken 1ce alsolfluctuates in
iaccordance with the .geason, There is less broken ice at the be-~'
vk”ginning and in the first ‘half of winter, and particularly so when

:freezing is intenee, the. latter circumetanoes contributing to the
' _freezing up of broken ioe into smorozi The greateet amount of
:broken ice ie observed tOwards the end of the thawing seeson.

. LARGE FRAGMENTS OF BROKEN ICE (Fig. 36) consists of large

3

fragments of ice fields, and forme exclusively as a reeult of

Airepeated dispereale and compressions of ice fields. During the
freeaing season, largs fragment ice is not the predominating
.type of ice seen on- the horizon, because it is invariably accomp:
anied by either emall fragment 1ce (brash elob ice) or by ice-_f
fielde. Only in the season of. thawing does ons sometimee come |
across sea areas, where large fragment 1ce predominates.over
other types’i Thie usually coincidee with the time of breakimg fi
up of 166 flelds into’ smaller fragmsnts, when minorschunks of ice_'
~ have already had time o melt. In the -ovent of freezing up largai.

,‘ice fragmente form smorozi and in the event of pressure, hummocky
. S .
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‘ice is formed Large fragment ice may develop in considerable
| amounte in autumn and winter in sea areas bordering on clear .

water, where level ice fields or. hummocky ice fields are subJected

s

to the destructive action of the ;'

accompanies a]l other types of ice, fllling up the space between

ice-fields and large fragment ice.- In the winter time, amall

-7

fragment ice is alwaye surrounded by either crushed ice or ice

fsludge.’ The volume of emall fragment ice depends on the stage of

N

~development it xs undergoing at the moment' in the event~of dis-

'persal it spreads into a thin, rare layer of ice,‘while in. the

L event of pressure, 1t forms & layer equal 1n thickness, or. even

eurpaseing'that of the surrounding ice., In the thaw1ng eeaeon,
small fragment ice is the last stage through which.ice paeses

before final dieappearance. J:,}' S .f . .{*vf,*; -

CRUSHED ICE (Fig 37) is. & white, powder-—like, granular ice
maes, somewhat grayer than snow. Cruehed ice results from strong.
preseure, and moetly frcm fricticn occurring between masees of ice
‘in motion.} Crushed 1ce 1s to be found on the edges of various
.formations of ice, and on their surface; particularly large

accumnlations of it are: encountered along the edge of landfaet

ice, which ueually borders on. drlfting ice.‘ Accumulations of

_crushed ice are also found on. drifting ice fielde, the thicker_'ea
N ‘ .
the ice and the 1arger the size of the ice-field, the more con-nzﬁ

I

’siderable the accumulation of crushed ice.{ .

v T ' A
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érushed'ice*is.encountered.almost exclueively in'winter, as‘,
it disappears very rapidly when the thawing: season sets in.
During the freezing period crushed ice pleys a considerable role.,‘

N

filling up all interstices between chunks of 1ce, it contributes 51“

to. their freezing togethe ’Aring into:smorozi

PRt

ICE KASHA - Ice Sludge.(Fi.-f‘ 5 the same as crushed ice, ’

\‘the onlv difference being that it is not located on the surface
of ice fragments, but in the water, in the interstices between fﬁd
A‘them, and partly under them. It appears from the very beginning
| of the formetion ‘of ice, the moment deformations occur as a result
' of the action of wind swell or pressure. Ice sludge sccompanies |
all’ ice formations up to the beginning of thswing. Its accuu‘ o
: mulations are: often very considerable, its thickness sometimes N
surpas51ng 5 to-6 meters.w To a: considerably greater degree than :t‘
cruehed ice, it contributes to the freezing together of broken ice"
into-smoro i,pand in particulerncases, whenleccumuiationeothereof
iare.veryfextenei%e;:it-ney form independentAsnoroziiffTheilatter-
‘may grow to considerable sizes. o ‘A'i S | - ,!‘f_!“>
. PANCAKE ICR (Fig. 36) This denominstion applies to'a part-
| icular type of broken 1ce, which forme as a reeult of the breaking
- of nilae byzthe swell and’of the mechanical rolling of it (see %f“,
_Chapter IV) Panceke dce is round in. shape, the diameter of the‘
cakes varies their thicknese mey reach 7 8: ‘cms . Owing to i
collisionemm friction, a pie crust edge forms around the pancehe,‘
and below the surface of the water, ice sludge fills the space
_ between the cakes (Fig. 36) Pancake ice is a phenomenon char-~"
acteristic of the beginning of the freezing period throughsut
the cold season, pencake ice is encountered only on the periphery

K
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of ice formations, where & swell may ‘be: obeerved

B

The size oft separate formations of pancake ice depends on
the swell (surge) the smaller ‘the swell the. emaller the R
| ”diameter of cakes, and vice versa. BT

’

SNEZBUPA - Snew Sludge, formshas the result of a’ consider-‘

eble snowfall onto ‘the surface of the Sea, when the latter ‘s

temperature nae cooled dowm- to below freezing. It has o gruel-,

.I
] TS

like aspect :i>7iﬂ?ff o

In strong'winds snow sludge may form in not too consider- -

N
[

able amounts in pools from snew swept into the water from ice-';ﬁ

fffloee. Snow sludge is very unequal in thicnnees, and is usually

Sy
P

ﬂ-vcharacterized by bureting cracks (crevices) and eometimee by

curving folds.A In calmpweather freezing, it acquires the aspect
ST

'"of gray nilas, when pressure is in” action in pools, it contrib-'

'uates te the formation ef smorozi together with: ice eludge.. Fig.,'-

%" 5‘,’.'\‘ ’

‘ 38 shows snow sludge which Is belng broken by the swell

originating from a passing vessel CA- characteristic picture of
ienow eludge may be found in the ' Album of Teé Formations B pub-

PR

’ lished by the Hyarographlc Office -in' 1931

HUMMOCYY ICE (Fis. 39) Initially, it forms either a8 a
! i ".}»"E,‘:.:_'
result of the breaking of- level ice fields and the piling'up of =~

’fragments which ollows, -or-as.a- result -of preesure and of the

freezing together ef broken ice. In the firet instance, hummocky

gt Y
.1,5_

ice presents disorderly piled up- ridges of broken ice fragmente
f(hummocrs, rggaﬁ_ (upright hummocke) )5 in the midst of which
'>area of level 1ce:maJ-be encountsred ~-In'the~eecond instance,sfjix

hummocky lce: presents a continuously plled up and dug up surface .

w1th no level spaces,,and has therefore been” specially.denominated

"emoroz", At the time of the initial hummooking of level fields, |
. . - 95 - ) - . o - -t S i N



the upper parts of the hummocks™ consist of fragments almost’
vuniform in size, while the 1ower accumulations termed pedsovy
(under-props) although consisting of fragments cf equal thick—.

" -ness, . are~more varied:in size. When repeated. destructions of

hummccky fields take place'”" “"f: level terrace areas
~decreases, while the quantity of hummocky accumulaticns increase
both. on the surface and below the ice.'f» : B ‘ |
The size of hummocky ice fluctuates within considerable
”?_limits, 88, under-water accumulations of 1ice may reach several‘.
sccree of meters, In geas with drifting ice, hummocky ice is
A the prcdcminating type of ice, both as regards the ‘8ea areas
covered by it, and also as regards the general volume of ice.,
'Hmnnockykice appears at the tims of formation of gray nilas andtj»
also completes the- development of the ice sheet ccverlng the sea.
Y.In spring and summer it is - subJected to: thawing, and” part of 1t
disappears, while part remains and is capable of surviving threugh
meny:. years. | s b |

SMOROZ - Ice field, (Fig. to) K] broken ice which has frozen

'.together Anto a continuous dce field, at the moment of’ freezing
. together it may have been either in a- state of dispersal or under
pressure. Smoroz has the aspect of hummocky ice, excluding
‘ hummocky flelds of primary hummocking, where level areae may.be
found in the midst of hummecks. No ‘level areas are to be- found
on smorozi The size of thickness of a - smoroz depends on the cat-
egory -of broken ice from which it has been formed.v It should be
eteted that the size. (importance, ferce) of & gmggga formed from

/'-

dispersed ice is less than that of aesmoroz formed from oompressed,
——aa--—q-o

Lbroken ice. Greatest of all is the. force (or massiveness) of a



[

i gggggg, formed from ice filling up-a. powerfully compressed

8 yomm(epece between ?ields) Such a, EEEEQE 1e usually mors -
wpowerful (me581ve;ﬁthan the eurrounding\hummocky fielis andiis
'»no lees.eolid (etrong) Slmilar to. hummocky ioe, gmorozi are one

‘of the. predominating typee efldrl r~ng&eea*ioe. Smorozi formed

from 1erge messes: ef crushed ice and ice sludge have ‘a. hillocky

’ scat ered on it when thawing,

'eurface with rare fragmente ofyic

'” of melted water are found
on them. Other smorozi fhawlin'the eeme way a8 does hummooky ice.

LIGHT HUMMOCKY ICE ( racterized-by & dompars -

}atively‘level surface, eem -i'esiintef eotedfbywnot?too?hiéﬁir%§§ 
| of hummocks., If 1ight hv 10 l:%}been formed fromtgray
inilae,‘its very slightlv’rugged eurface will be almoet unnotice-"
».able under the enow. When the 1ayer of 8NoW ig considerable,'
light hummooky ice will even seem +6 be & emooth level field.
;waever, its actuel importance end thickneee differ sharply from
the latter, because the under-ice eccumulatione consiefing of
‘ podeovy (under-pfops) mey oe very considerable n eize (importance).
| Similar ice floee of a. llght hummocky oharacter may result from
pressure nilae and pancake ice, and m&y reach coneiderable thick-v*
neee, while retaining a comparativeiy level surface, Light B
~hummocky ice ie encountered Ao censiderab1e quantities in the

first half of the free21ng seaeon.‘ Later, at the- time ~of etrong

ri'preesure,,it mey be trans‘ormed 1n+o more powerful hummocky4¢uw )

/.4"

£u

formations,_; ' :.*w"5~574\‘<*a?f’,fw;'; o

HEAVY HUMMOCKY ICE (F‘ig, ).;.2) 18 ioa Whjch hee reached its e

' maximum (for the given sea) 1n eize and force ae a ‘rosult of -

piling up. The euriaoe of such ice presents in moet oases a.




disorderly piling up TOf brohen 1ce, in the‘midet of which
small; separate areas of more ‘or lese level ice are seldom"ﬁt?
encountered Eeavy, hummocky ice forms in ‘the period of freez-'a

ing when the general 1ce cover 1s already considerably developed.l'

.Strong gales occurring blowing from a favorable

‘direction drivecthemice~ rd »eh y and heap 1t up 1n the ;;rilA
-”gulfs, bays and estuaries, the ice then moves together and starts ’
'hummocking, reeening its meximnm etrength Such 1ce'can no-more
be subjected to fulther plling up. At “the beginning of the | thawq7
ing period it recedes from the ehore, and breaking up from the
“edges, it is gradually destroyed. o

| . In arctic eeae heavy hummocky 1ce nay eubeist severel yeers,
owing to eurface thaw1ng ite eurface emooths down to a certain .
‘extent and grows coneiderably more level than in the first yearzﬁ
' of 1ts formation. The upper lavers ‘of- ice undergo considerable"‘

”de salting, 1n winter, the layer which is frozen through and

' 1;.Lthrough 1ncreases, end most of “the” podsovy (under-props) freeze{

btogether the solidity (etrength) of the ioe being thereby

‘1ncreased Heavy hummocky ice is usually encountered 1n large-df

1yeized fields.;ffiu.g_‘

THE POLAR PACK (Fig. h3) : Several years old heavy hummocky

1ce reaches its maximum develonment in the - Central Polar Basin 8
. and is called Polar pack.‘
According o observetions made by Nansen i the "Fram byu‘“

M'those of “the drifting etation North Pole", and of plenes.which .

| flew to the Pole end landed on the 1ce, it;hae been establiehed"

‘>,that the distribution of ice ie as. follows? _more broken and
‘hummocky ice 1s encountered on the periphery of the Polar Basin i

‘ «'-.98A-



and c)oser to shores and shallows, whi]e lerge ice fields ;u;;;;
| predominate in the central part of the Polar Basin., Thsse fﬁ;;{f'
:fields reach.trenendous dimensionsJA After they have undergone -
thawing in 2 or 3. consecutive years, and in thelabsence of |

repeated pressure, their surfnce ' ',comparetively smooth A

,is slightly undulated and covered with:snow which fills up - tls;,a

.hollows and the low parts.. s/where fields Join, there

form high, moundslike accumulatif»slcf“hpmmocks and crushed ice. ,?.

_Everv year, a considsrebie'psrt the ack is driven out of the
Polar Basin into the North Bio ”through the wide strait
between Greenland snd Spitzberge iM;; only a’ small,part of itathaws
°n the SPOt R | :

LANDFAST ICh is stationarv ice attached to the shore or

to off-shore rocks or shosls. It. forms mostly‘in gulfs.and*beys,

gy and along the coest in open psrts of the sea, where the width ----- :
of the landfast ice. depends -on dspths. On banks and: shoals and
'sections of the ccast protected from the cnslaught of- ice, land-,vfs
. fast ice may form bJ way of normal freezing, and in such case«ite
consists cf level ice.i At points, open. to the pressure of: ice,
jilandfast ice is usuelly hummocky and spreads to the very bottom ..
'alcng the entire shallow srea. In such conditions, landfast B
ice forms at the beginning of the thawiné gsason and, ‘88. a rule,*
remains 8 ationary until thawing sets. in.\ At points whers the
‘ccast is abrupt and steep, and depths are considerable, and

strong tides prevail landfast ice is but temporary; this, how-,~u
‘ever, excluding islands, skerries and narrow/straits, where lands ‘
fast ice,may;rensingior;adlongjtime despite considereblefdepthsiih

In the event, of & strong pressurs of lce, hummocky lendfast ice.. :



*';3of great magnltude may‘form efen off deep shores, in favorablef"

nchircumetancee, landfast ice may remain stationary throughout

-‘fmtne entire winter, keeping attached to the rugged parts of the' "

sl shoree In seas: "here e+rong tidal currents prevail landfast

*4fice often changes in sizjﬁ atfneaps, and decreases'

ﬂat springs. -In summer, landfastxice usually breaks away from

%f={*the shore and is either driven out to sea or melts on ‘the spot,

: c;although in excepfional cases, it may remain stationary throughi ,

,’»goutvthewsummer. Sometimes, landfast ice fails to be'broken up

-%av{ffor several years consecutiVe.~ \”

S That part of’ 1andfaet ice which is direc+ly frozen on to the

L shore, and is not subJected to any fluctuations, is denominated .

ice foot. It is the completely stationary part of lendfast ice

while the rest, although: undergoing no ‘horizontal shifting, shows

~vertical® fluctuations, which correspond to tne fluctuatione of ~
the sea level ) e S ,

c STAMUKHI - are separate accumulations of ice on eea or

0 e .‘~,.A.. ,v.(

: coastal shoels.' The main difference between landfast ice and ]

stamukhi is that stamukhi are not attached to the shore, and are,w

=mostly located on sea’ shoals. Stamukhi form when a flce reaches e

‘such considerablr thickness that it grounds on’ a'bank or shoal° ‘,,

in the event of pressure, ice is piled up in high accumulations .

’ and remains statlonary throughout the winter, in some cases, it
'may even remain eo for severa] years._ In tne White Sea, where

' 'tidal currents are. etrong, ;some. of the s+amukhi form at low tide,_v
- some again go adrift at high tide,*while%most of them remaln gfn c

~"stationar:)r and may remain so throughout the entire winter.i’

ICEBERGS should not strictly speaking, be eonsidered as N

o belonging to the ice cover of the sea as they are of anothern

) origin. Icebergs are large fragments of coeetal glacier ice,,s

B R B
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whioh_haye,proken'awayufromﬁthefglaciersfwhichldescend_into,thg
sea_from,arctichcontinente orislandso uTheeeﬁfragments»mayﬂbenof
‘,immensebdimensionSf* several tens of meters above water level and
‘100.or;more_neters‘deep, Common, medbnn icebergs . of ‘the arcni-
pelago of Franz Joeevaandihave a:dravght'of»ho_to»804meters,»the)
result being that, in coastal arees, they are for the most part

grounded. Icebergs have no greet efiect on.the: ice cover of the -

sea, except in cases when +he 'break‘ice up, or. when, grounded

gl

'cover. o

The edse of ice. The border between ice and clear water

S

ie termed ' edge of ice . It shoqu be noted that this border is

S g ®

'not always constituted by a continuous edge of ice, 1ce some-~‘“'w

.{‘f ~.-

A times sterts with rare, small formations vhich gradually grow

more dense, it may also siretch in strips, or appear in eeparate?:

e

‘patchee, or may also spread in a continuous mass . In w1nter, f‘
e slush,uyoung ice and ni1as is often encountered near the sdge ofu'

lees L

Thicxness of Ice.v The eytenu to which the visible sea . .

horizon is covered with drifting ice is termed thickness of

' drifting ice . Thickness (or density or concentration, as regards

Lt e

covering) is designated in points according to B lO-point system,

0 deeignating completely clear water,_and lO designating complete

- ice covering,. The thickness (density, concentration) of ice may

falso be characteiized in forms as, For instance. ice "na rasp-ti .

'

"lavakh" (ioe on the float) is used mostly for broken, dispersed
o o - 01 - -



the mldst of fields; razvodye

1ce, which 1s no thicker than 5‘§oints,'and"rare' ice (rsrefied, <

dispersed) which msy be either ‘broken ice or. fields ees than 5 points -

thick.

\ePoljnzgiis an'enoloé
; re pools of clear water communi—’
cating'with;each othenlbetWeen’ioe floes,jusually formed;through the
action of winde or tidal vurrents, e | | |

S'yom 18 an interval between ice fields filled with broken ice,

which may be dispersed thickly concentreted or compreesed. When

eufficiently diepersed a a' yom may be’ used by 8 vessel as a passage

through ice fields.

Ice blink or 1ce sky 18 she reflection in the clouds of ice S

fwhich is beyond the visible horizon.

The ice sky shows particulerly well in a dark cloudy night when,

given a good transparency ‘of the air the ice blink is visible at a

distance of 20 miles. In such conditions, and when there' 18 o tce .

at sea, a snow=covered’ ‘shore may be visible at a“distance of 50 to 60 .

/-

miles.

 Water sky. In covered or cloudy weather, thé preésence. of water in

the midst of ice mey be revealsd by characteristic dark patches in low

clouds over clear water, the so-called water sky. Fog hanging over c

near-by polyny shows es black in the wstef~skyihzln”oleef’weathef~orf

in a'moonlight,night the phenomenon of ﬁhe water sky'is‘not observed,

between ice floes, mosbly 1nﬁf. o
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Fige 5 Stratification of ice.
1 - brine; 2 = ice; 3 = snow.
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FIGURE 7 Beginning of fusion of pools on one yedr
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Fig. 8 Erosion of ice by the swell on the water level.

Destruction of the core of o humiock by
the svell and shiftine of its wabter line
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Fige 10, Washing aweiy of stationary ice by ocurrents,
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tigure 15, Nilas ice
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Fige 15, Formation of a hummock & direction of forces
acting on its central part,
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Flgc 17-

Collision of level fields & farmation of hummocks.
1 = hummocks; 2 - broken ioe,

Figure 18, Smaller broken ice in compressed form =
"smoroz" or hummocky field (from a
sumrier photograph)

Fipure 19, Broken ice floating in a "rasplava“
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Figure 20, Smaller broken ice and crushed ice,
resulting from the breaking of an ice-

field by the swell.

Figure 21, Ice heaned up on a shoai

//,"//,’?/ ,

Fig. 22, S'yem sketched in plane.
a - humocky fields; b - s'yemy with broken ice,
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Fig. 230

P o ::'z-

Movement of a large fizld in the midst of

broken ice,

1 - compression of ice; 2 = broken ice,

Figure 2h. Ice strips

Figure 25, Ice strips
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Fige 29. Acoumulations of ice behind a large ice floe
driven by the wind,

Fig. 30. The seeming increase of the density concentration of ige
depending on the thickness of ice fragments,

mldle



_r’// /,/'7“'/ T 1/1;
=i .
500 J// 4"’,,, §//// (e :/4_,1
%G~ -

il 7 Vi . 7 YR s
;// /,/,,,',,’/a /,’,,’5,
//1*"//’/ L2 //}
|
; : 1
! o # / s |
L] |m7\'m.‘ 7 // . '/ ’
= il g i
$00 _-_?\\\E SN NANS I LS gl /’,,/"‘:-
A \Jf/ ‘ PiXks o i N
"\ & \\\\\ s 7 Vo il oS s/
' .\.3 5 'V// £ Fl W T D b
AN A S T ” £ )
v ' N A 2L, /; |
7 L e
/o000 ; e Gl s
: . G\ Q2N
! |'\‘ g\‘\\ i 2
' s D
' |
'
'

1000° . T

£ /Vlr/ ,'/l]"/:’*/;’ AR /,j
Fig. 31. "Supplementary" formation of ice,

7 MDEReRl, & IS AU

92

75

‘3 ;l;.’/y/J £

Fig. 32, Direction of the maximum wind=-driven pressure

of ice in North-Siberian arctic seas,
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Fige 33, Measuring of the height of the floating part

of a fragment of field,
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Fige 3L4. Noteworthy spots in the Arctioc.
1 - geographical North Pole; 2 - magnetic Pole of the
Northern Hemisphere; 3 - Pole of Inaccessibility; point
situated at the maximum distance from the northern extrem-
ities of the Polar Islands; L - average southern boundary
of sea ioce in Angust; 5 = northern boundary of sailing;
6 - extreme southern boundary of the spreading of sea ice,

Fig. 35. Slush (1), young ice (2), dark nilas (3),
Tight gray nilas (4), thinélevel ice (5), thick level
ice ( )o
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Fig. 36. Large fragments of broken ice (1), small
fragments (2), pancake ice (3).

Fige 7. Distribution of crushed ice and of ice sludge
. in the spaces between ice fragments,

Fipure 308, Snezhura - snow sludge
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Fige 39. Humocky ice Fig. 40, Smoroz
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Fige 4l. Light hummocky field. Fige 42. Heavy hummocky field.
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Fig. 43. The Polar Pack,
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Selected excerpts from

WIN THE CENTER OF THE ARCTIC"

A book'by Ne N ZuboV'
Leningrad,(Glavéevmorput), 1940

Translated in’ the Stefanssbn Library
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- Foreword to ‘ ' : i

"Translations,From‘"In the Center of theAﬁrctic"

Page references given in margin of toxt ‘
refer to the paging in the Russian original.

o u“i&;‘m i i S

Unsigned footnotes are those of the
original author; those added by Dr.

" Vilhjalmur Stefansson carry his
name. - ' oo :
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IN THE CENTER OF THE ARCTIC. . . -

_ STATION WNORTH POLE"
\
As we: have sald “the reglon of the North Pole had been reached

\

only four times prlor to 1937. _
. The first tlme the visitor was Peary (ﬁp”ll u—? 1009) uhov
came afoot and spent about 30 hours at the Polej thu seco nd as
| Byrd (the-9th of May, 1926) vho came by airplaneglthe hhird was
Amundeen in the dirigible "Nerwayﬂ who'cfossed:the %51% oﬁAhiS way
to'Alaeka oh May 2 of the same year; and;ﬁhevféurth ﬁas’NObile in'b
. the dirigibléiﬁltalia," ﬁhicﬁ-cruieedvq?eve'phe Pele‘for about two
whoure on thevé4£h'of May?_l928, 'Beeides tbi$, es.wevhave seern,

there were many unsuccessful attempts to penetrate into the Central

Arctic basin.

These expeditions, however, were not connected with each other .

by any continuous investigations and they were not,distinguished by

syétematic observations. It is therefore understandable that they

‘added 1little to odr'scientific knowledge of the irctic. Only those

expedltlons whlch for one reason or anothcr,’have been conducted -
in the Arctlc dur;ng a more or 1ess prolonged‘uime,_heve produced
significant results.. The exgedition of Hansen on. the Eggg;‘which.
gave us the first real informatiohjconcer1 ing the cen+ral Arcﬂic‘
basin;_was the oﬁly‘oﬁe in that category. Therefox e, in spite of -
ﬁhe four Brief visits to thevpole; the‘need eo-eetablish‘stations
for contlnuous observations on thellco in iqa centra 1 part of the.
Arctic (1f p0531ble at the Pole itself) has been feélt for a long
tlme, )

For instance, "The InternationaijSociety for the Study of

' ~116-
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»h_the Arctic with the Ai@LofiAinmCommunieetien"%lhad,evenAwqued,put:

\

a progect of establ 1sh1ng serles of statio ons ‘nithTtheseiﬁ”of.a

Sh ok [ Ve

'fdlrlglble.‘nrl ;“,;. Ce },:,:“;
The flrst nresmaent of thls socxetv, V(nsen, advecatea uch &
drlftlng sta 1on enthu51astlcally; He con51dered 1ts reallzetLon

to be. the chlef problem of the socletv, and. 537'1n it thc noc b

solutlon of many problems connected with the 501ent1f1c "conqu,ss"

[

of the, Arctlc - o HQ._;ALy,_._., P
,However, at that p01nt there had not been con51dered a very<
1mportant condltlon, namely- observatlons of any o of,such,sta-J‘

tlons Woule be fully valuable onlv wben Lhese obser tlons ;’ ef~
(organlcally connected 1«".l.th and based upon observaL;one of’ a uldelvf
developed net of polar (pripolyarnlkh) geographical etatione,and o
correspondlng sea and alr exped:tmon : The.imlo} ance o: the above
(statement can be best conflrmed by the f0¢1ov1ug s
Durlng the Fram expedltlon very careful meteonologlcal ebse“va—
tlons were maae, but in those days Bhe radlo had not been 1nventeq ?b;
yet,. and the meteorologlsts learned 01 these nbservatlons only sev—
eral years efter they'had been made; 1.e.,:efterthese observetnqne/'
already lostnfneir;intereSt bo‘a iarge'extent.;-Beeidesﬂthis; nhen )

_ subsequentlj an atteﬂpt was made to evaluate and compare Mansen'vfhf“

fobservatlons \1th those of the then eXlstlng meteorologlcal stu,lons

% - Most of the prime movers in this group were German but its
presidentewaS~the Norﬁegian‘Fridtjof‘Nansen;_ (Note by[StefanSSon)“
A}

= The well known polar 1nvest1gator Sverdrup even made calcula—,i.
tions as ‘to what equlpnent would need to be tranenorned Yo the. ice
at the Pole in order .to make w1nter1ng and. systematic ooservatlons
possible there. He" _considered it necessary to use about 29 tons,

which would require. the full cargoes of two dirgibles. -
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'by‘observations-at one poirite.. -

.the Great Northern Sea Route (The Northoyof P sua»o

e 1t ‘proved to. be almost’ ;mnoss1ble to- do sos: - TIn those"ddys the’ .éage 65

! _ contd,
polar (01rcumpolar) ‘stations wére too isol lated. One cannot judge

the processes develoolrg over a 1arge area of the earth's onrface\"
i

As the Sov1et Aretlc came to be more and- more. 1nvest1ga ted dnd
underStood, more and. more new problémSYaﬁoeared;'fThe“thoughts’of’“

the scxentlsts turned more- and’ more 1r61uenulv to the "iHite spo*"i'.

i

in the center of the.Arctic.~nSoviet scientists»have lond”dreamed"

of building'a‘stéiion!atrthe'North'Po1e. An enthusvautlc SUFPOTUC” page 66

of this“idea’Was ProfeSSorfweieetendVHeﬁo\offthe SOViéﬁ“Uhion,‘Mi

B. Vodoplanov, had a flrm determlnatlon to carr" out tiie 1deu?

Sovmet flyers Were learnlng +o deal- ﬂluh olar~spaces and
dreamed of v1sit1ng the North Pole by'arrolene.

Our prev1ous chapters have staceo orlefly hox ful1v tne coautu

and seas of the Soviet Arctlc had been «tud; d by *93/, how many

)

ASov1et polar ‘stations nad been bullt now'mdny merlne,'alr, seis

entific and commer01al expedltlons hed ‘been conouoted, and” to.wndt

‘ extent a corps of tralned Sov1et poldr worfers h@Q been devel oed at

that tlme. R : i L e S

Thus, by 1937 all the preparatlons for: tre estahllahmewt of a’

Ameteorologlcal and geographlcar station on the drlfnlng lce fioeu“"’

r

in the central part of the Arc 1o'had‘been made;'“The‘necesSity

was dlctated not onlv by the need of acqulrlng luruher knowledge of

-~

)'but aiso?by'

the ‘logio of 'c‘on-t‘iriiiing, th‘é'.jetua:f ‘b.egun.;iﬁ 1957;” of ’thé' Gf‘é&;. :‘I&orﬁh;,

ern air route, connectlng Mbscow across the pole v1uh the éﬁ%éréﬂf

s

—1,)0‘- : 4\1 - ° ot e .



. Pole,"”had’thus‘bsgun itS3§CientifiQ"WprkSc.

:_;0£ North -America ---San Francisco, Vancouver, etc. =~ -~ © .. " - :-pige 66

B ) : _— L contd.
: Preparationsufdr?thefoonstruCiion*ofvthafpolarfstationﬂwere - ‘

carried forwafdfduring'a“per od of" 1—1/2 vears, ‘and with a care-
and forethought Whlch made oossmole the ouccnﬁs«of thls unasual
undertaklng.rﬂ:'~‘~7' | \

‘The ‘22nd. of March 19 7, a-Soviet air- expedition headed by 0

Y. Schmidt= and cOnsistingwofefouﬁwheavy;anovone-llghtlplanes,cfhgv

from Moscow -and on the 18th of. Aorll made a- landlng ono*udolph Tsl-

7and (northermmost of the Wranz Jo0ef group)

This. island was chosen not onlJ bocause 1t is - closer to the""

~

Pole’ than all. ‘the other Sov1et lSldDQS, but becaus @.tne/lcezcap

’

- whlch covers it makes a good nctural'aeroorome;

' On the 21st of hay, 1937, Vodoovanov's olane lJnoeo on an ice:

,fleld at 89O 26' N. and 780 oot We: Polar Qta 1on o, 56»of the f\ :
Chief Admlnlstratlon of thc Northern SeavRoute, theistationf“Northﬁff

ON THE DRIFTING ICE FIGLD

Prlor to the organlzatlon oP tbe statlon "North Pole" ve“y *1ttle
was known about the movement of 1ce 1n the middle polar roglon.; Th v
iwas supposed that thls statlon would functlon about a Jear, aft'r
whlch it would be plcked up by the same alrolaves 1th trr aid o£

\

whlch it was- organlzeo.

1

And essentially because of this station was named - page 67

Sy
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. nNorth Pole.ms - page 67
S - contd.

4.Actually; theseexpectat“ons -did"'het; otk o’uf,. '\;-’Ehe ice. f“t eld.
on which the station vras »‘_1oeet'ed";begani‘te‘ }me\vef —— atflrs‘o _slowly,
~and then faster e~nd‘fas’eér '—;'- toward the -st‘r“ait betwesn GreenW and -

" and Spltsbergen (Whlch does not have a name but 'Wthh could. be

Jus‘bly called the Papan:l.mte stralt) and .Lnto tle -Greenland'sea;

"In the follomng tdhle, 1at:.tudes and lrwgltudes for statlon

"North Pole" are 1nd1c:ated as oi‘ the £3: rs’o of ee.ch month

Dates . __Longitude . .

M“Eeh 21 I a2 L P ORI s SRR R

'}/ﬂune 1. . 8206t v 33% 001 magt
July 1. o 0 Tiggoghi l o 138001 Tasts

August 1. - . . 878 v 44 Q7' West
September 1= . © 86 551 - » 27 001 Tlest
October.1 - .o . -~ . 8%25.. . . 30'4_H-as’o v
December 1 ' 87 46t . S 5 531 "'!'est B
Jan,uar}} 1 ‘7907 54! ‘ 70 121 est
 February 1 740 16% ‘ 16D 24! Vest !

- February 19 . .

707 47

190 48'

‘Iest

% The four-englned planes, each w:Ltb a pay load of - 2—1/2 tons,

left Moscow on Wheels and transferred to skls en route.f
Stefansson. ) : :

Tel2pm v

(Note: by -



‘ffﬁ;ered ina stralght 1ine more than 2100 k.,, 1f al] tbe 21gzags‘,__

Durlng 1ts drlft, whlch contlnueo 274 days the statlon cov=. Qage‘67'
i contde

whlch the ice f187d descrlbed are taken 3nto account tne dlstance N
f;w1ll be more than 2)00 km.

: However carefully the expedltlon was organl ed and however .

o

>-scrupulously the clothlng and food had been provlded the w1nterers
stlll experlenced con51derab1e dlfflcultles durwng thlo dr;ft. uar—
1ng the summer season the greatesb trouble was . from the melt water i

on the surface of the ice fleld and the constant dampness.&

s,

when the frosts set 1n, and especlally the polar nlcht the »1;

greatest annovanoe came from the snows and sborms. »ost of the sclen—
’ : . : ‘ '

. tlflc apparatus demanded WOTI w1uhou* ploVes, ano in severe cold

- the metal parts of the apparatus wculd burn the hands. Often lt‘WaS N -
ool page 68

1mposs1ble to travel about on the 1ce because of strong mwnds- tne S

‘ w1nterers were forced to stretch rope between .the 11ttle houses

scattered on the 1ce, in order to and the maj back to bhe base

'tent 1n the dark or during a snow storm..

PR

’ We kﬁow from tne nlStOPJ of. polar travel.txat the crew of the
expedltloo ;essel Eagga (followlng the vessel's demolltlor"oy the
ice on October 22 1869, on the (east) coast of Greenland) hao -
llved on drlftlng 1ce for two hunored days. A vell known polar ex~Aﬁ
‘plorer, Stefansson, had snent not llttle tlme on the ice of tne

Arctlc ocean, on the Amerlcan shores durlng his. sledfe exped1t1ons

of 9141917,

*, o Ralnfall took the place of snowlall Ior about flve weeks ln }‘f
midsummer, - .-(Not€ by Stefansson.) ' : A

!

T




‘vdrlftlng ice fleld. jh

The pre~l937 record 1n thls Wwas establlshed by Storkerson (of ,gage 68
~ .contd.

the Stefansson expedltlon) who spent 238 succes51ve days on the 1ce

pack in the Arctlc Ocean, in. the regnon north of Alaska 3 )
: - i . -page 69
The w1nterers of the statlon "Morth Polﬂ" not onlJ llved on '
Ce .i’"‘»\:-

the 1ce fleld longer than anyone else, but they Worked unlnteru.’
ruptedly lO to 14 hours a day, wlthout dlsturblng thelr regular
observatlons durlng thelr entlre stav on the 1ce.L.A‘ -

Meteorologlcal observatlons were made everv four houro, and were

transmitted over the radlo to the Sov1ot Uhlon. Evcry two houﬁs '

-various changes in the Weather were notod.; The J1nterers stmrt

thelr meteorologlcal ObSGTVQtLOHS on 4ay 21 l 37 and closed them o

s

on February 19’ l 38 the day on ”hlch thev were taken off the o

Ty

Although it was sapposed that the Ploe, on whrch the statlon

o :, Ll

"North Polet Was malntalned, woulo not remaln in the seme Dlaoe, 1t

was nevertheless con31dered that the drlft Woule not be preat end

¢

that therefore the chlef lmportance of the statLon Uould Ieslde 1n o
1ts meteorologlcal observatlons from the center of the polar reglon.
Other . observatlons, of : nature such that they are not morth whwle
maklng often at the same locatlon, had been glven a relatlvely un—A

1mportant place 1n the program of the statlon. These sucp051tlons, o

Dy -'?}.,f PO

% On'thé 15th of 1t arch, 1918 “the otorkerson ‘party started out

from Cross Island, located on the coast of flaska at approAlmatelJ

- 150° West Long., intending to. spend a whole year on ‘the Arctic 1ce, S

procuring food by hunting. Because of the ‘illness of Storkerson

-himself, the party returned to the-continent at the -estuary of the - =

Colv1lle River on November 8, 1918.. For. the narratlve by Storkerson

" see appendlx of Stefansson's The erendlv Arctlc. (Note by Stefanssony

s
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"~ as is now well known, proved to be 1ncorrect. The speed of the page 69
yeontd.

‘v'drlft of the statlon "horth Pole" proved to be ‘on the average two b

and a half tlmes greauer than expected.‘

In fact the supposedlj fixed polar statlon "North Pole" turned

A

out to be a polar expedltlon. The ice fleld began to move at flrst

-‘very slowly, and then Pasver and faster. ThlS put on the shoulders :

of the w1nterers an addltlonal load. The observatlonu Whlch had

)

been expected to be supplementary turned out to demand a gr°a+ deal o

A of work. Thus, for example, 1n order to determlne the re11 of thev

ocean bed sufflclently along the path of the drlft, the vorkers had

to take 33 bottom soundlnys, of thCh 14 were of a deptn 5roater ”;j

‘than 3 kllometers.
It Would seem at fir st glance that these measuremenus of depth
"the soundlngs, would not nresent any great dnffncultles. But 1P e

1mag1ne that for thlS ourpose it was necessary in some cases uO

‘drop 1nto the sea 4 km. of aoundlnv line (tros) with heavy'eoulp—

Sy

ment (so called loto) at the end and +hen to plck up (v1bratf) thls

T

'cable and w1nd 1t caxefully on a drum, then uhlS busrness W111 look
far from 51mple to the reader. -Ev ry easurement of a deouh more
than BOOO meters demanded concentrated phy51cal 1abor on the part

of all four w1nterers for a stretch of 4 to 6 hours.

Durlng the perlod of the drlft 38 throloglcal stat:on 'ere' h

set- each of the statlons made'its own.determinations of.temhera;

\

called bathometers i from:varlous strata of the sea, 1nclud1ng the

very bottom ones.k Each of these throloglcal statlons demanded works

N PR
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the observatlons were made for between 2 and days and con51sted

.greater thag“in‘the‘measure- ‘page 70
R L contd.

4% REpELs L

1nhab1t1ng varlous depths‘of the ocean.

N . 3) Yoo

To the above mentloned labors of tle wlnterers we must add Lhe

Yool B

: measurements of" the speed and dlrectlon of the orlft of the rce

i

field. 1tself and of the sea currents under the polar 1ce — measurp— .

v

ments whlch were conducted w1th spec1al 1nstruments, so—cal]ed Wlnd~

mllls - vertushka. Altogebher 600 such meaouremenbs were made.v_

fThrough July-September observatlors were- made dallv at bho rate 01

5 to 6 tlmes a day._

- crey ’

wlth the same regularlty anc approx1mate unlformlty durlngﬁ\‘

[

the entlre drlft the wnnterers recorded the force of grav1ty. These,,i,

\

i

observatlons wiere conducted at 22 p01nts, at each of these p01ntu

.
. L <

of several 8—hour series. o o o S
- : / S S ,e o pape 7L

No less attentlon was pald by the w1nterers to the magnetlc R

K N

observatlons.A Durlng the exoedltlon they made 55 seto of deter

- " . Y

mination 0; the curve and the level constltutlng the force of

K . N

earth magnetlsm.

Be51des thls 36 measurements were made of the mapnet:c rncllne. -

- . e

o t
{

IR

D The word implies spinning -around, so probably of ‘the nature:
‘of a seaman's log or.of.a'waned or “eupped .current meter such: as used-

L

for streemjvelqcity:measurements. (Note by Ste ansson.) i
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Dﬁring these measufements,”nqt merely the significanoe‘of the - ' Qaae 713
A’fiéﬁfes for the given nemenf.Was &etefninee »nut:the}e n%feealsoif/ Co?tdi
' observatlons made of tnelr change in the . course of a day.‘-Te“
. this we must add 14 dally sets ef‘measuremen srof the fluCuua—-
tions ‘in ﬁhe magnefic pole of the earth;; In Julv and August .
several sets of measurements'were made of tne gradlent of poten—
tial- concentratlon of electrlclty'ln the atmosphere,*%' After-the

onset of darkness (dlscontnnuance o? the QA-hour daJJJght) month— '

Ly observatlons were made of the polar llghts.>

A geophJ31Ca] or ocean<nrﬁnh1c ”boCIthl)n hda valus only vhen

it is known exactly where the obschatlun was maae.' With-this in - .
| ;o . - page 72
view, the w1nterers mace care*ul ana frequent astronomLCal deter- R ’
mlnatlons of ‘the geographlc locatwon of the drsftln? 1ce . This was

all the more necessary since the drlit mas unoredlotable 1n 1ts o S

dlrectlon and unexpectedly oreat 1n 1ts opeed iHh\~
. T e . . s e ~ {- . .

* See’ below, "“arth as a magnet" (”hanter ITI)
¥ Thls refere té the change in’ electric content of the atmospheze" o

3Hae btefansson among others ‘can uestlf{ to the correctness of the
assertion frequent in this manuscrlpt that "the speed of the Papanin

- drift was unexpected.. For-one thing, there was oeneral agreement

among students that average drift speed would be-small -at and near
the North Pole, for we had assumed they would be 51m113¢ to the aver-
age drifts of ships like the. Karluk, Jeannette and Fram, Then the
scientists of the Arctic Institute in Leningrad had written letters
to their fellow.scientists abroad, among.these.Stefansson, asking.
estimates of the speed of the drift. .Stefansson's- reply was .prob~.
ably typical.. He was of the-opinion-that it. would likely be around .
half a.mile per ‘day rlght near the. POLG,‘ln the direction of. Ineland
and that this speed would 1ncrease slow]y,wltn decreased letances
"from - the open water of the :North. Atlantic. ks the author of our
present -book.- has p01nted out, ‘such speeds were far exceeded by‘the
actual drift of the floe that contalned the Papanln eSthLlSﬂmeﬂt.
(Note by Stefansson) R
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Altogether,during the;expeditign_534‘meesuremente’of ﬁhe.:
' oy

: helght of. sun and sters were taken, and 374 dlrectlon were meas-

ured for the determlnatlon of the or:entatlon of fhe 1ce fleld 1n

Dl

relatlon to the merldlan, Thls made 1t DOS&Lble to obtarn about

R

150 pre01se geographlc con+rols for the drlftlng fleld.. BPSldPS

this, careful log (vertushechnlve) meaqurements of speed and Hvrec- ,

~

page 72
Cohtdo'

tion of the drlft of the fleld alloved a calculatlon wat1 llmlted ~w~ 

accuracy ‘of ‘the drift of the 1ce 1n the 1ntervals between ponnts,i
of astronomlcal determlnatlon. - .

It is notable that all the ubeervatlons of the wrnterers were

‘ performed by 1nstruments that weﬂe made from uovuet materldls, bv 1

Sov1et workers and in Sov1et sbons. All +hﬂs "armament" functloned .

the entlre tlme smoothly (bezukorizneno) dlthout 1ntorrum+1on (bez~3. 5

'pereboyno) and w1thout jdllure, pnder very dlpflcult condltlons.n.,,
Even from thls dry end brlef enumexatJOn, we can see what a

Vtremendous quantlty of 501ent1fjc materlal tne ulntcrorc brought

back Wlth them to the Sov1et Uhlon.l 1hls materlal 13 all the WOFB

,valuable becauqe the Workers durrng Lne drlft of the floe not on]v

L

'collected and ;rote down all the aate, but in oart worked out nhe 1f e

v

. prellmlnary calculatlons. S f':‘..<}; , 7, e

K

In”quantlty-gf col ected materlal the expedltlon aurpassed e]] .4_;'

o

* ThlS oomment 1s ‘less- gratultous than it may seem, For- 1nstdnce, e

the thlrd Stefansson eXpedltlon carried many sC1ert1flc “ingtruments
that were made . in’ Germany: and- some made in France, mntn the rest
mainly Brltlsh.; It would not have ‘been easy at that “tims (1913)

to equip an expedition catlsfactorllv with scientific Jnstrumerto ‘
made in the Unlted States.,< Tote by Steiansson.)v‘ RO -~f~ﬁi

.
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) -

- ‘polar expeditions of previous times, including the famous—expeéi— © page 72

CL ~ . S - . - . contde. -
tion of Nansenj:although in the~"FramU.eXpedition 12 men took.part"

for three years, while the statlon "North Pole" con31sued 01 onlJ /
4 men and 1asted only 9 months. -~'
On;Eebruary 19,Al9385 stgtionlﬂﬂorﬁhléole"‘gggged its ;emark-<‘.h:
able inve§@lga£ions;and»theifapaniniﬁeo,.togeihonuglthTthéir lnstfuf
: Vmenﬁé and-tho nriceless;notes of th??fw°?5e?v?ti9gs?lWéPé‘fakenf‘

'éboard}the_ioebreakers Teimyr and Murman'nhén they reéchod'thw

N

drifting floe. In fact however, that day'st not the end of this - o
rare expedltlon, for. the party stlll had a tremenoons labor aheau : ’
of them‘to complete thelr wrltlng and calculd 1ons and to publlsh

the collected materlal.' When thls is done, the Soviet explorers

Wlll have another problem- to correlate ohelr observetlons

-

with those of many prev1ous expedltlons and with the observatlons L.

of the Soviet ' Unlon's polarst coastal statlons.h

T
Y

* The term "polar station" has acquired-in the Soviet Unlon a
technical or special ‘meaning. ~ It refers to a research station sim-
ilar to that which the Danes have long ‘maintained at Disko- Island
on the-west coast of Greenland, where scientists are guartered for'
one or several years, with replacements when any scientist leaves.
‘These establishments are sometimes-referred to, in naneSovict pub- "
‘lications, as meteorological stotlons, and that is correct to the
extent that meteorology and radio are always included. - However,
Wreserarch:station" or “scientific station" would be a bétter trans-
. lation, for:it is seldom that activities are confined to weather
: observatlons and weather reporting. .. The establishments vary in-
size, some of them contdwnlng representatives: of half a dozen sci- -
. ences such as’ bOtdnj, marine biology, economic. 0eologj, ‘parasit-’
»ology. i few of the stations.are so large that they have separate -
hospitals and schools. One of them, Rudolf Island, northermmost
‘of the Franz Josef group, had in 1937 ssven alrpldnes of its own,
in addition to those which came and went, (This last is according
to the.verbal.statement, of- Valeri Chkalov to Stefansson when Chkalov - -
visited New York at the completion of his flight from HMoscow by way
' of the North Pole to Vancouver, Washington.) -{(Note by ‘Stéfanssons)
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Ever ‘the preliminarj reéultsldf the ébservatiohs indicate
~.results 'of value, '‘The expedition established the fact that in the :
regibn‘of the"Nérth*Poléfthefeféré ﬁdﬁ’nor éan'be'any islahdsi’thé i

bottom relief along tne entlrc drlft has - been reﬁedled in detall
it was establlshed tha+ warm Atlantlc Waters penetrute by deep
currepts\frgm ﬁhe Greenland sea rlght to “the very pole; and ‘that
in the deep basinfthé,Afctié ocean the’ﬁéﬁperaiﬁré“ofathe“wéﬁéfﬂ{ 
) rises becauée of the internal'ﬁérmth'éf”ﬁh?”eafih4 ﬁhé‘fdééé'of'
Nansen and others concernlng complete: llfelessness of the centraz -
,polar rec1on have been dlsproved for the flrgt twme é'study was
made of how the wind. moves water massos in a cold laver of polar'W "
Waters,of.ZOQ meterfthlcknggséfwh;chf1ayer 1sﬁsuperimposed upon
warm Atlanﬁic'ﬁaters}”TValuabxefgravimetfiéréﬁd maénétié’}eéﬁitéxv"“
have been obtaineds fThe'metegroloéiqalfobsefva%ioﬁsfbf %hé'?éééﬁihiﬁé%~
destroyéq previous ideas of,thé‘struétufé7and16iféU1étioﬁ:of the ‘at—"
mosphére in the central polar region, ~ |
But the greatest ‘pracr’tn' cal ?and thééretiéal-significancéi is-in . -
the observatlons of the erft and beh VLor'of-ihQJ{5exiﬁ“tﬁe‘ééﬁtréi‘ L‘
Arctlc-' the very fact Lhat the Papanlnltes, after 9 mon thu, ¢ound .f f
themselves south Of 710 ﬁi Lat. (contrarv to thelr expectatlon, ]
that they would be spendlng a Jear in hlgh latltuocs) proves how *{,jff
'erroneous Were our 1deas concernlng the movement of feevin- the cnn; 5?;
tral Dart of the Arctlc ba51n.: It is 1nterost1rg to not; Bhé gé?re;ﬂf
. latlon between the drlft of ‘the 1ce_and the wwnd whmh Causad tho.i":
drlft.- No less 1nterest1ng are the-observat“Ons 0 the fa£e ‘of the -
1ce flelds Wthh wore formed 1n the:central Arctlc and’ merm'oarféco'; -
out throuch the "Papanlnlte Stralt".lnto tne Greénland sea;w e
(Here a chapter "Transarctic: Flights," is omitted, for it
does not contribute materially to the elucidation of the

problems dealt with in our report.)
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- DRIFT OF THE ICEBREAﬁER SEDOV

In contrast with-the drift of the. Fram, and-the drift of .the -~ page 79
'7.stat10n "North Pole," ‘the. drift. of the §éggilwas‘net{blaﬁned*dfedee g
llberately organlzed.-f. A o i

October 23, 1937 together w1th the Icebreakers Sadﬁe-and
.Nalvgln, the 1cebreaker Sedov was beset by the ‘ice of the Leotef PRI
Sea at 750 19' N Lat. and 1320 25 E Long Thence 1t was earr;ed»;-'
off by by the ice drlft.‘if.,;” L S | |

Ianpril A1918, when the arifﬁing'iceefeakerS‘wereebefween 790
Tahd 80’ H. Tat. three planes flew to fhem, dmrected by - Heroes‘w of
the’ SOV1et Unlon Aleksejev and Golov1na and +he fljer Orlov and
took back with them to tne ma 1nland~184‘men~from the vesseWS'
crews. -S0 these fllghts nroved over aga:n the hlgn cualltv of our ,»
planes‘dnd the sklll of" our ;1"ers, tner Droved that . the eucceseeS?;',
of Soyyeﬁ~polar-av1atlen“are'not an‘aceldental matter, but,constif~‘a

¢

tutes an active knoﬂledge ﬁhétVCan.be,relied upon. - .,"i e

¥* uas named 1n honor of the flrst Russman who strove to reach
the North Pole, ‘it was built in-England in 1909 for Canada snd sub- -
sequently acquired by the Russian Govermment. The length of the
ship is 77 mi, its width 11 m.; its draft 5.to 6 m.; engine 2860
horsepower- speed about 14 knots C&D&Cltj, l 600 Lons.\e

. In Sov1et honorlflc usace the word Hero does not connote great
heroisn so much as d¢st1ngulsh°d 1eadersh1p. ‘For 1nstance, the
order Hero of Socialist Labor-does not indicate bravery as a worker
"or leader ‘of workers so much as abll;ty and success. in relatLon to

' 1ndustrj. (Note by Stefan son.) - S ..
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'.Yermak led the Sadko and the I Aa11£1n out of . the ice 1nto uhe open

“vOn August’ 28, 1938, there was a caravan‘of,driftiﬁg;vessels.at page 79
3 ' ‘ o , o : Do “contd.
830 OélJN; Lat@land 1389 24"E¢ Lbng;”~0n this day. the icebreaker

\sea.’ The §gggg, however, ‘Had suffered serious damage in 1ts ruddef

constructlon (rulevogo upstrovstva) durxng the w1nter; so 1t was lﬁ—

p0331b1e‘to free~hervfrom’her 1ce71mprlsonment. So 15 volunbery

.w1sterers, headed by Captaln Badlgln, remdlned on the Sedov. And,;

from then on the shlp, Vthh haS nov'eecome nlstorlc,‘contlnued

. its ama71ng drlft in the less accesllblo pazt of the Arctic ocean. -
- page 80

Certaln c1rcumstances of thls dr:fb glve 1t speclal theo— E

,retlcal and practlcal 1nterest. Flrst-of all'klt started—whlleyﬁs{ S

the drlft of the station "North Pole" was solll in. Drovr°ss.' éo,i.vf;

'threpgh‘thevdrlft of-the Sedov lt 1s-po§81ble~te studyvas*an U=

interrupted'observatigq the movement~ofiice.in'ﬁhe{centﬁal irctic-

| auring a'period of'almeet £hree-&eafs.' Then;lseen”eftef}the §g§9x~:wv,'

drlft started the dxlft of the ncebreaxer Lenln nommenced in the e

same Laptev Sea, to end on- August 7, 1938. mhus,_dgrlng”e,perlod‘m.“

of 9 months two vessels dr:fted 31multaneou ly et seﬁe?disﬁéeee.}l

o

from each-other-f .one 1n thg southwestern part oP Une‘iagtpé'Séé;'f""
the other in the northeastern part of the same sea snd 1n thc revlon B
north of the Nov081b1rsk 1slands. _”orrelatlon of these two drlfts - g‘:“
.gave 1mportant results.l Ulfferln from each otkcr enly in details,

these simultaneous drlfte reveal amazlng 51m11ar1tv Wthh shows
“that they were accomplished not under ‘the 1nfluence of accldental B
factors but under cond:tlons that are, éeneral (oharecterlstlc)'for

thet region. These generel factors“ﬁeqe‘the dominantiwindsiend the

\
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?’Q;_constant currents.v‘~"

. - ,. T .f~‘p§;§_§§]

. ' , ‘ S contdn

The thlrd D01nt of interest is that soon after the §§§22 drlft Eage,82'

-started ‘the Shlp found herself in’ the same‘reoion where the Fram | |

had begun 1ts;dr1ft.-vshe df;}ted ln-geperal'on a’ course'approx1mate¥

ly parallel.to»that;ef the Eigg; iheugh Considerabiy'mere northerly.
Comparision of the ‘Sedov drift with that of ‘the Ienin, and with

© the drift of the station nﬁé.fth Polet, “and finaii«v‘ 2 ‘comparison. of

 the Sedov drlft w1th the" arlft of tae Fram has soecﬂal theoretvcal

o e
and'practlcal value. BGS¢dPS, the comnarl on. bet reen the dr;fts of o
the Sedov and Fram has a partlcular 1nterest beCulSG, as we know, S o N

‘the - drift of the Fram occurred under cllmatlc condlt:ons conSLdera-
bly dlfferentefromcthose we‘now-have 1nutherArcth.. As bas.been.,
proven, tﬁe atmosphere end hydrosphere Qf‘the”Arctie are;ﬁeﬁfceneid-‘ =
erably Warmer.tﬁeﬁ thevswefelin the‘time-of Mansen.* |

The drlft of. the Seoov was first stra1ght nortn, at: approx1mate—3;“&f
ly 133 Ei Long. After a month, when the Shlp neared parallel 78 the?
drlft turned east- on the 2nd of March, 1638 tne Seoov was. at 78 -
_‘25' N- LaLo and 153, 261 E. Long; ThlS point Droved to be the most |

easterly reached by the Sedov. From ‘then on, she beoan to move ulow-'jf

1y west,“head;ng at'the'same-ulme'nortnware.'

VIR

* AubOV'wrote thls in- 1940 at which time Sov1et wrlters were
emphasizing, and many sciéntists in other countries vere bolwev1ng,v

that there really was a progressive ‘change in Arctic climate towards

" warmth of both air and water. .Now (1:47) Soviet writers: are gener-

ally commentlng that we are probably dealing here with a .short- cycle, -
,rather than w1th a. "permanent" change (long cycle) (Note .by Stefansson).

>
— - i >

,,—113;351 -

&



On the 18th of Febru1ry, 1939, the c‘edov W&u nt 85 56 7' Nbrth~”r~aée 82
gonfd.

and” L19° 59' East.; On thls day, she broke “the recoxd establlshed N
by the Fram for the hlghest latltude reached by a vessel drwftlng
w1th tbe 1ce. (Fortg—four vears bofore thls - November 15, 1896 p—
the Fram had, reached 850 55 5' N. Lat. and 66 311 E. Long.);eruffcﬁ':

' After thls, the Sedov contlnued drlftlnp wenerall/, in’a nor h—
Westerly dlrectlon-‘on March 42 1939, she Y‘eached 86°-: 34.”1 s Letef
and 108Q 501 F;vLongaf Further on;:ehe becan.tO'Jncllne gradually;
southWest. From the l7th of May to the 27th of July, 1939, the' pathe
: of the Sedov and the Fram become, in a nenzer, overlapplng, after L
that tpe Sedov- begins ;apldly to ascend north,aand;gpgthegQch‘ofl’
August, she reaches the mestfnortherlj point.of‘her‘dflfti;— 962
39?5'“N; Lat. end-470355“'B. Longs R R

| Faéther on, the drlft of the- Sedov avaln crosoed ‘that. of" tee
Fram and then, descrlblng a serles of zigzags, proceeaed between the
drifts of the statlon Miorth Pole" and the Sth Fram towards the wide
_stralt d1v1d1ng Greenland from Spitsbergen. . RN o ::<;,

From the 4th of September to the 20th of October, 1939, the-

Sedov hav1eg ﬁoved southxest, was apprOklmately at tho same. lat*-;
~tudes where two years before on the same days the .station "North
Pole" had been. From the 20th of October, the Sedov begins‘tb fall
back in: latltude from the "Nbrth Polet p081tlon. On the 1"1rx,‘t, -of "
December, she 13 at 83 46' Vs Lat. and 7° 19"E; Long. (The s*'~'e
tlon "NOrth Pole" on the lst of December 19 37 ‘was at 82 46! N‘,‘,"
Lat. and 5° 551 T Long.) In 40 eaJs, the Sedov fell back in : pgﬁg_gé
latltude from the statlon "North Pole" a distance of 60 sea mﬂles,

or 111 km.

. =13k



The flrst of Januar 1940 the Sedov was at 81 15 ' Na Lat. ' age 34
y, 4 L conﬁa:“'

:and 40 16' E. Long.; on Janunry 13 she was at 80O 46' M. Lat. ef}ﬂe¥"
" and 2° 30' E.. Long.‘ Then ‘the flagsblp of the Sov1et 1cebreaker‘;;“i
bfleet the Josef Stallng came along and helped the Sedov to get out
of the 1ce.v Thus ended the magnlflcant drlft, whlch enrlched 301- j
ence w1th new 1nformatlon ubou the central Arctic basin

e

In the follow1ng table latltudes and longltudes for the fLTSt N j f

of each month are glven~

T



IS

DPIFT OF THE

DOV

Iatltude North w

Longitude

1937
" October 23

November 1 -
December 1

g

January 1o

© February.l .
.. "March 1 =~

April 1

‘May 1
June 1

July 1 -

August 1
September 1

October 1 == = - |
November 1 =~
‘-December_l T S

3 1939

January 1
February 1°

Harch 1. e

April 1
May 1 ..
June 1
July 1

. August 1

September 1
October 1
November 1

December l

1940

Jénuary 1

February 13

8435
8529

< ;‘75 2]' .w
619, -
77039

Lgosh

o 8LLT e
TR 1 A3
Co 831

19

840 44

.'fw?ziéf‘
7 55,5,
78 35

S 0n2
8003

85 33 - -fa .

g6 20

86 16

86 22
g 25
LB

85 5)-5H

86 37

85 17.5

83 46

(6]

80 46

81° 15.41 .

, .143
151 .

S A35
137
137,

L e

151

147

143

137

131

123,

) 129
1230

117

107
81
78

63

tgy

45,
30
.19

2

“132° 151
~ 13
s

18

51 :

g
L4e5
“05.54%
35.3
e

09.3 -
57

'5/95 .

25
15

oL -
48

10

”14

L0

30
05

30
15
%

161
30

x Coordlnates of ‘the most easterly 301nt of the drlft ‘on the 2nd
of March 1938, were 78° 23.7! le Lat. and 153° 26':4. Long.
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TwoibasiC'problems~merexfacihé5tﬁeicrew;Bfiihélsgdae‘;LH£54433

preserve. their: ship for the Soviet icebireaker fleet “and: to makeia

A

‘maximum.use of the conditions of the drift- for coﬁdﬁéﬁiﬁg.fulleff'

and. more. exact scientific: observations. .
.t "'-' ~

page

contd.

'Ehe~firét=problem was not easy.; ThevFram had been S“wcially;"f'

constructed for drl 'ting ‘in the Arcuwc qea pack,” Thc ubﬂOV was

built- for worklng the coasts of- Newfoundland and the Gulf of Ste

Lawrence, where there ‘is. neluher heavy ;ce nor crushing pressure.

Taklng into’ account the experlence of tnelr blrot ulﬂlel, the

.

Sedov men/gave re01al attentlon to! the preservatlon of thelr Shlp. L

First of c~ll, 1nsofur as 1t was Ulthln thelr pover and 1n50¢er LseJ:?“i

the shlp's mdteﬂlals althed ity they adced to the Surength of the

lshlpls?hull. Second and more 1mpﬁrtanb, they vork»d out a spec1al

techniqueyﬂor com atlng the pressure of ice- w:th explosmvés;- Ind~i

w1nter when the ice preseures are most dangerous, they -alwa vs!hed’

~readf*oﬁaboard*aoload'of ammonal explosive'and-rOundabout.the.Ship

‘ice chipsfwhicﬁ would distributethe preesure”othheroncoming iece,

there were prev1oule prepared creecent—shapei holes 1n tfe ice-

/

(lunki).s These ammonal exo1051ons were 1ntendvd “For gestrogLng

‘the sherp*angles!of the:ice cekes.ﬁhatﬁpressed_(pol ad)- 1nto uheﬁside

of ‘the ship,-and for the formation around the ship oflafcuShion'of

- The Se&oﬁ?Sfmep ekperiehcedIISB'ioe”SQueezes, some-of which.vere
% - The meanlng seems to be that holes were duc in tne 1ce to, be
ready to recelve exp1051ve charges.’ ) o R

BRI
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_SO'serious'that the ereﬁvstarted:preparing to.ahghdoﬁ’shio. On = g%%e 86
-qune occa81on the Shlp keeled over 30 degrees, we ter gushed into o
the shlpsthrough:openings. Only the dovged work of the mechan—jrr‘
“ics saved the ve3561 from dlsaster. ; T ;f~ f C e

The Sedov party-faced»another dlfficuiﬁy.f'Afﬁer‘the;wjnﬁer>i"
1937—38 the Sedov not only lost the ability to mowe’ under uer ovmn’
‘power, but also the ability to follow in. tom of another ship. 'Thle..

'_demage had,to be repalred.- The‘Sedov nen managed tousolve thIS'

problem also. So nhen the 1cebreaker Ja Stalln reached her (Jan.

13, 1940), the Sedov flrst took a?t?{; "

1ater was ble to reach

the harbor of Barentsburg under her own power, there to stay untll

: she could be coaled. The further Journey from Barentsburg to.
'Mnrmansk was - made by the Sedov rn tow in Iurnansk she was - eble to
enter the“harbor.‘ ThlS shows that the- 39291 crew solved adequately
the problem of - preserv1ng the shlo, and Ain, good order at that.

The Sedov crew had. the further, probrem, to moke use of the drlft

' for conductlng scxentlflc 1nvest1gat}onsai In this: respect they had

~ before them the admlrable eyample of hox the Paoanlnltes had accom-.

pllshed much good work. under dlfflcult iretic condltlons. VTl
lee the Papanlnltes, the-. .Sedov!s. men- conducte& 51ngular1y T

‘concentrated scientific work w1tn an\approx1mate1y the’same'program#‘;;
and the- same 1nstruments as those _of ‘the ‘station- "North Polee"u

All tovether durlng its 1ndependent drift (from Seotember l
. page 87
ll938 to January 13, 1940) they made 415 astronomlcal determlna—v.»
; tlons of the 1ocatlon of the vessel they measured 37 oceanlc

¢y

‘depths, obtalnlng at the. same time spe01mens of the bottom eetab—

llshed 43 hydrologlcal statlons, accompanylnw some of them wlth 01—'“



¢

rect measurements of the elements of sea currents, they made ca1;“

o

pase 87
. contd,

. ..1ect10ns.of plankton.l BeS1des thls;:they measured the thlcxness'f

of thefice offvarious ages..every 10. dayso They measured theﬁeIe—ﬁ§'”q‘

1

ments of the.ealthts mdgnetlsm “t 78 points; and conducted serlali%

observations g1V1ng a. PlCture of ‘the change in these elements dur-bw”

ing the 24- houre s 8t 11 separate polnte They éetermined the SN

- foree of graV1ty at 66 points.;. They gave thelr greabest attentlon Cohw

to the reCOrdlng of meteorologlcal observetlons, whlch they con= j; S,

l

3

matlon over the radio to the Sov1et Unlon..< | ﬂ';A ‘;;lg,,-

ducted regularly every two . hours. Foar tlmes a day they Sent lnfor_ ?;

The: ¥alue :of the. Sedov observatlnns 1s great for 51nce Noncon's :

tlme they wene the first to spend over two vears 1n the central

Arctlc, along a. course Where prlor to the Sedov not 2 51nﬁle shlp

- had drlfted, “Wheve.not &, -single | plane had flown. In uhe foll g

’etable can be” seen the number of . oays 1n the drwfts of the Vra

Sta’“‘m "North-Pole, " and the Sedov ab high ldtltudeSp o

" Number of DaJs Spent in ﬁrlft North from v :fx
: ’ Indlcated Lat:tude i - e
, Expe'd:itiofi- T e '"orth Pole" ’, Sedov
General number of RS ' T
Cdriftidayse.. o .- 1055 . 274 812
Among -them-north L
Of 890 ¢ e o o - R e
88 e e el e SLm— o 77 o S S -
g .87 e .',A"'- . < T R L -
860 6 aere SRR 13 - 13
€5 oo v 121 146 . 289
'84 oo @ 428 - 166. 398
83 o0 o 539 192 o 422

a139-
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1

'FrOm,this table,we seeﬂhoﬁ clea rly hom 1ntercetlng the Sedov . page 87

observatlons weve~ for thev wero 85 N. two tlmes lon"er’than f;»?l

the statlon "NOrth Pole," and: two and a helf tlme lonﬁer taan tbe}f;fw»«

s

o Fram. | “Wyegf::”"“”?3"

Some of the observaulons hud r“eet dlfflcu¢tles Lor the‘> dov‘s oo

 men. Slnce the vessel was rot oreoqred fo Work«atAgreetﬁoceanlca S
.: page 88
depths, she dld not have a- cpecmul oapsten And speomal equlyment for~

J

'measurements of a, nreet depth. Therefore durlng the arift: 1tself

fthe men constructed w1th thelr otm power on. eleCUrlc h¢ncﬁ
(v'vushka), and be51aes thls, they spllced strong stout wlre that

.was on the Sth 1nto separate soundlng 1ioes to.? total .of . over 14
‘kllometers. Carrylng on thls sort of work at- thlrty oentlgrade de—.

grees beIOWTZero‘tempe ature istéa taSk requ1r1n" the rost ‘dogg e

-
LN

peristences |

AR

Only three polJr ehoedltlons (tne Frum thu StablOn " orth Po;e"‘

and the Sedov) have so far coperated to open to us the hjdrometeor~ 7'

f\v"

loglcal reglmen of the central krctlc. ?ut 1t «ould not be rlght

to thlnk any of them as duﬂl“Cdtlng anV other.l ach oP the three

K < q."

expedltﬂons 1s unlque in-its” o’ wav- the observatlons of each of

" then are prlceleos they all comolement each other beeutlpullvhvﬁJ"i

The Fram and the staulon "North Polen were speclal 901eﬁt1flc ST
expeditlons, sp ec1a11J Orgdnlacd for the SMudy of the central AICth.

The Sedov expedltlon became a scmentlf;c one: onlv bm.ac01dent.»

~

r"here were no, pr01esswondl 301entlsts 1n the Sedov crew.» Tyceot—
ing B. H. Buynltzky, a student of the Hydrographlc Iﬁotl ute;,the_ ‘

rest of the Sedov men were»ordlneryiseamen. But thev ~l;gunder3toodw

-, ~e e



s

Hliperfectly that the most rellable o \con "hlhav1ga£1né'the Sorrner‘sloaé%_éo
Sea Route is knowledbe, and thev dld everythlng Jn thelr power to‘“ . G-;
' see to 1t that thls beacon woula shed as’ brlght llvht as. possnble
on the Sov1et polar workers..

A-For a;per;od‘offtwo,years,ﬁthese;seamen "'wrote dovm wh A Lher
_had;observeo ahd did notﬁwrite-éoohlﬁhafithey‘had hotnooserved"»wn
' a very e\act and painstaklng manner..'rhelr uork besea on that "fhl:,‘

Jthe whole remarkable collectlve of polar‘workers, “hich- Was: purtured

’ by the great Stalln, has already born frunt. Doubtless;‘thDATequts"f
Wlll be multlplleo when all the materlal that the Sedov men" accumu- . ~fe-l
1ated is gone overs “'I,rw - ’;.“:g; - :-,V.ﬁxljgé 5%6“ o {HJ
In Ru351an hlstorJ there are some names of seilo efplorer;,j
' of whom We can be Justlj proud. To Lhese names relong.; Lta Varluon
' Laptev and Lt. Dmltry Laptev, Wallgln, Pronchlshchev, pllOBS ulnln !i, L

bu4and Sterlegov, enslgn (praporshchlk) Pakntusov, Lt, thke, adm.

R

jdarkarov, senior Lt. Sedov and many others.‘ But:tueee able:and\darahm
1ng explorers of the past worked slngly and often wathout any, sao—:;:;’“’
porta uvery'body knows of the traglc fate of theAseaman—eAplorﬂr |
'~.Georgy Sedov, 1n . hose honor the 1cebreak\,r, ‘vhi.ch now nomoleted
1ts drlft, was named.:gvj~-z | |
| The Work of the Papanlnltes and the ueoov1tes was done undo
entlrely dlfferent condltlons. mhe part7 and the government pro—- -
’ Atected with tlreless care the partl01pants of tnese her01c orlzts -
(see Flg. 7) throughout. -The Whole oountr" olloved w1th great~‘~g‘ge 89—165‘
_Hest attentlon the course of the drlfts, because the: Papanlnltes".; ‘d.:.

and Sedovltes'have~oncefmore shown to the“whole}world;what~oapaelty;z

YA



»there "is even in small collectn ves of Sov1et peopl° when they Baze 89-165
. : Lo -contde

can depend on the pouer Pu_ multn.—-milllm col;ectlve, th deme Qf -

Whlch 1s the Jn‘.LOIl of Sovmt Soc1al1.st Republics. .

\J

. L3 ‘ I B ) - L Tl i
3 (Here vie: oml’o several chapter
because thelr aubJect m?tter ‘
. &+ - -°is not pertinent to‘,our{ report..) ~‘
. ."r \ . . . . . <
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SEA ICE

'WThe (drlftan) 1ce ‘sover - o;~the eds “An- tne northern hem1—7”5

.

sphere, at’ the! tlme of%its hlghestﬁdevelopment ‘takes: up ‘a tre-‘e?v;

mendous area — about 12 mllllon squareikllometers. Every year,

N

durlng the summer - season, the general quantlty of- 1ce dlmlnlshes
bv approx1mqte1v a thlre.‘ The -area of 1ce 1n the central part of
the ATCth Ocean, i.es in the deep; ba51n which: is+ enclosed between'r

the extreme~northern islands. of Europe, Asiai and: Amerlca, ta kes.up

an area of ;bout 5. mllllon square. kllometers. This area is never
free of ices
The “dce. an ahe sea is dlfferentldted sharnly accordlng to- 1ts

origin. 1nto rlver 1ce, g1a01er wce nd-sea ice,..

The rlver ice is carrled out duang the spring peTlOd of ice

mevement (ledokhoda) by . the ‘rivers Whlch fall into the Arctlc Ocean.

BN

Tt is dlstlngulshed by its reddlsh-brown colnr, 1ts muddiness, and
is~found,only at.the very estuaries of‘the riverse - The river iee_' -
meltseduringvthe polag,eu@mer’and really has no significance in the
regimeﬁueftthe,icehiﬁ:ihe.ﬁrctic basime -
Gla01er ice,. drlftlpqg n the: shape of 1cebergs, is- formed as

‘a result of the breaking- up of glacler ‘moving. down from the landﬁ‘;e
into.theveeagv‘ » ;V%Hni |

W L {

3

' The.basic mass.of ice in the Aretic chanviS'composedfofvwhitish-

greenish»sea;ice;which isAformed from the sea water 1 self.

-

4
a . ’

is approx;mete}yq;our plmee.less thanathe water fromwwhlchult-or:g-;

imateds . . e o oL e



Another, remarkable property'of‘Sea»ice is its-graduai'fresh;i page 166
a -contd,

.:;:enlng in the course of tlme tlll ine the end it becomes sultable for

g consumpt;on.’ These propertwes of sea 1ce are explalned by 1ts struc-

'”manner, the sea 1ce after 1ts formatlon con31sts off crystals of e

of air.

N B

PO
PR

tlu‘ec ." —v ?frw'» .‘._...,."'-?" '.A 4“\ T ‘

Ice formatlon 1n the sea; beglns Vltn the appearance of thln 1ce-u )

needles -— crystals of pure 1ce noven 1nto al curlous net. In the

L.

'course of: tlme these crystals become enlarged retalnlng thelr purlty,

page 167
and the saltﬁsolutlon andvthekvarlouS'mlxtures»ofporgan;c:and 1norganaj;

~ic origin, -.as-well as-air bubbles which are found in the Sea water; .~

become'concentrated in theﬁspac s”betweenﬁtheacrystals. ~In3this:¢‘*"ﬁ

pure ice between whlch there are cells wlth salt solutlon and bubbles

e
f
!

The changeSjin‘thevtemnerature;of se2 ide’ during its life spany

’ either.one way‘orﬁtbe other; areffollowedrby?changes‘in4the:sTZe70fi'*f

the cells that contaln the salt solutlon. Thus, when the: temperature

1s lowered the formatlon of addltlonal ice chstals is- followed by

1ncrease 1n dlmen51on and consequent burstlng, formatlon of tlny

craeks alcng which the galt solution frcm the~cells gr@dually runs
down, Wthh causes the freshenlng of the ice, - It I8 noted that salt-(;
iness of the new 1ce is greauer as the temperature of the alr is.
lower, Whlch makes the formatlon proceed‘faster. Under very lOY‘Jf:if
alr temperatures the salt solutlon notlonly does not have tlme to

run down; but even beCOmes squeezed out onto the top surface of the.
ice. Thus, the~ica surfaee'which was formed under very low‘ten—}_fgh
peratures always seéems somewhat m01st from the salt 301utxon. Under - -
still lower temperafures the surface;ofrthe sea becomes covered

with remarkably beaﬁtiful'SOecalled:"lce‘iloWers."‘ Theselnice

R Y.



‘;_!;flowers" consist of the thlnnest crystdls of 1ce, the tlps of" whlch ’JDage 167
. .con

are enrrusted‘tas 1t were, w1tn salt crystals, ths phenomenon 15
.

s0 characterlstlo that many explorers can tell of the great hand-

icapping. of sledge travel bv young ice- whlch Was formed durlng low el
5'temperetures.. The 1mpre351on is that “the” sledge Wlll ot gllae i ERCI
'the ice but grlnds along as if it were, on sand.

Ice formetlon in the sea does noc always begln on 1ts surfaoe.a

If the Waters of a su?flciently ohllled 'sea bacome, churned dp by BT

wind, by waves, or bJ strong currents,vthendthe 1n1t1&1 formatloni*“*i'”””i‘r

of the' 1ce may ta{e olace in “the’ body of the wafer or at the very" “ié%f%g
. ..page 168
‘bottom.* The partloles of 1ce whlch are formed atyar depth not"“** o
- at once come up to the surface of the sea but are scarried” from

place to place by the samotforces whlch caused thelr formatlon.

4Further on the partlcles of depth 1ce, con51st1ng of distinotlj
round dlSc w1th mlrror—llke szdes,‘freeae together as: they 1:mt:ut,e,"i'-i R

become tnus-enlargedvand flna}lflrlsejto;}heAsunfeqenoigthe'sa&.%xéi“'%~3‘iﬂ

-»? R

D3 Fornatlon of such bottom 1ce had been repeatedly observed in
the sea of Azov.' :

R Tn the hlstory of nav1gatlon ‘there are 1noldents when 1n the
beginning-of the winter in the Baltic, sailors found themselves.

surrounded with ice on ‘all sides which had suddenly floated up from

the bottom, "It is.also known that the bottom ice at .the rocky N T
shores of Greenland Labrador and Spltsbergen often 1ift ip with

them- chunks of stone and soil. In Newfoundland, bottom ice is en- x
countered at depths of 20-30 meterse At thezshores ‘of Labrador,

one time a hox w1th 1nstruments was brought up by the bottom dee -

" upon the surface of the seas . This boy proved to belong to a vessel

which had been lost many years before in Hudson Stralt several '

hundred kllometers north from-where- it was- found. o

s B . - . o e gar it
. . . N oo B
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Formatlon of depth ice and also of bottom lce 1n‘the sea re=. - age- 168
: IO o confa

4 quiresyoas:in—rivers,flor temperatarcs of dlr, stron\ churnlnf of..

'?the uaters by currents and w1nds and an. absence of 1oe4on the surface

‘Aof.the,sea;A As soon as the surface oP the sea. becomes covered over

2

§w1th 1ce that nad formed on the surf ce,‘or Wlth boftom 1ce that

S had come up to the top, formatlon of deoth ice: and bot '

most cases. ceases.~‘j

Sometlmes the 1n1tlal crust of 1ce on the sos-ls formeo bV

:Snow- Ialllne on ohe surface of tho water. Such 1ce nas pecu1*~

'characterlstlcs in lts str.

sea, and absence

'_fof;wind.on,eheyeurface.othheisee7;t1ny‘crystals in the shap 'yf‘gff;’;ﬁ.,

‘needles;apfear,; These flrst formaflons braduallv devel’ lesce

p.and,formion,the“surfaCe of the sea whlch 1n appearance resemb efcen—;;J:

7gea11ng fat and are called 1ce fatt_ Ice fat 1@ ust allv of dark 1ead

v:colon,ﬁuot‘much'dliferent from ”ater in cloudy Weather.q‘Iukfogmlgtwﬁay",

"reSembles-finelwfcrushed'ioe,"

A sea whlch is covereo wlth ice fat crcates a curlous 1mpree51on.. ,

Thc sea water seems heavv 1t aopears to behave lxke ne”cury.: h.yg”“

1ce formatlon 18 usually oevun oot Jlbh un1POrm1tv over a Jhol”

e o~

but in'seoarate, n

,'./.»“.:v

surL ce becomes covereo w1th a th:n sp rkllne crust of 1oe xhlch

ch,

is called sklvanka —_ sand—glass or: vatch—gless.w T’hen a Shlp oes ¢

7through thls glass—;ce a charicterlstlc noise can be hearc, 1thh

¢ [ Do
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is préduced ‘by lbreakihgﬁisze: chips and their scattering over theé .~ ‘phge 168
et A B s R ,.,1;555?37'f

IR [
P D

“Initial fb matlon of 1ce under 2 sllghtlv dlsturbed condltlon RIS
e S o page 169
“of the sea 1s qu1te dlfierent. t starts”out as 1f from man" centers,,e..

.

'ane almost per’ectly‘c1"cular dlSCS measurlng 30—50 cm are formed.?““’

Ly

A. characterlstlc of theso discs 1s thelr border of 11tt1e nodules

i . ' - . \
)

o whlch result from friction between the dlscs. These ra¢sed ed

! E P \

. make . the QIScs#look‘llke_fla”

frylng pans., Such 1ce 1s callod 1n
all 1ahgqages,~eencake ice or;plate 1ce

'The"edges

overea v1th Voung pan~ PR

»s lf 1tu'ere covered Wlth'a hite net._~ﬁ:""

«

,cake ice look§é

After the sur;ace of thensea 1@ covered wlth ‘ohln layer,

y further grovﬁfgin the vertlcal elmen51ons of the 1ce LS the more

rap d the lower ﬁhe temrereture of the alr, ana 1s tne more re*arded

the greater the thlckness of the formed 1ce. It 1= conslqered uhqt

a4

under ave"ege condltlons of", the Arctlc Ocean thetblckness of the r%§51;

\-‘4..

ice whxch 1s formed bv natural grOLth from below for a period oP

Y ;.u”.

vear does not exceed > to ?;meters.e Great uhlckness oF 1ce may

-‘result from the Oll&ng up of seoarete 1ce bouLes, ono Lpon the other.

growth °nd those made by plllng. ,f,;}»> ,ﬁ,ﬂfe.’fﬂ

In.relatlenfto‘itSuorlgln:end ’t trlbutlon sea 1ce 1s dl-
'1

_v1dec 1nto shore 1ce, arlftlng 1ce and peck 1ce. DurmngVW1nter*1n

D B R T

: the Arctlc basmn, the shore 1ce takes up 15~20% of the entlre 1ce C

tutes approx1ndtely 10. to lﬁp. 'About 707 of the total 1ce con51sts

. '
N 1

- k . A )




‘:' of’pack 1ce, also constantly mov1ng, fllllng the central part of page: 169
" . contd.
‘the. Arctic bas;n and belnp bordered on the perlpnery flrst bv drlft

L

dlce and stlll closer to shore —"in the 11ntert1me —— by shore 1ce. ',;:¢

a Shore ice represents 1mmobile ice which is’ fonmed in tMB winter
thme along the shores and attalns tom TQS'the end 01 w1nner a thlck;"f"
ness of about 2 meters. In the summer tlme shore 1ce thaws out 1n

1p1aoes 1n places 1t breaks up and is carrled out to sea.

It 1s,est1mated that in the w1nter1me, shore 1ce extends irom

l

"the land to whero the sea attains a eter”denth % qhore jce.
achleves 1ts greatest Wldth at the shnres of_Siberra, on the merid—

‘fan of the rlver Yana, where 1t extends almost AOO km. north frmm

‘%baqe,l7p

the shoze. Th:s 1s explalned by the shallowness of the aagacent ﬁﬁ

reglon and by the presence of a large number of 1slands. RN
Drlftlng 1ce, as 1ts name 1ndlcates, :s found 1n constant

' movement becomlng partly destroyed durlng +he summer, and partly |

‘surv1v1ng the summer and egaln freezing 1rto neﬂly formed 1ce. -
Among the drlft 1ce there is ice of varled orlgin and of varledf“‘

forn and Vdrled age. It is estlmated that the r,hlon of distrlbutlonn

of drlft 1ce is bordered (or 11m1ted) on one 31oe by the 25—me+er1'. |

depths (ulthln'whlch towards land there is shore 1oe 1n the rlnter o

tlme)- on the other s1de 1t hﬁs the bounoarv 11ne between the- shallowf

. “ . ‘_' . P N -

B

L Thls does,not necessarlly confllct w1th snatements made by Lo

Peary, Stefansson and others that sea ﬂ ce has a maximum. grounding : .-
depth-of 20" fathoms; for they add: that such, ice may go, adrift with' ...
a COmblned hlgh tlda/qnd strong vlnd._ (Note bV Stcfdﬂsson)¢ R

. : - [ .
< .A .. R - [T EES R R
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It con51sts malnly of larce flelds ofﬁrelatlv

P
con

o and deep. sea (thelline of'the continental shelf);i. T, ﬁaﬁe 170
| ! and cut across in some olaces by hlllocks of 8 o;lO meters 1 ¥

he;L ghto mhe S )

ures: In certaln seperate reg1ons the pack 1oe 1s a chaotll,maos of

erected blocks (or slabs) plled on too of each other.» In thelr dms~. :

trlbutlon there can be detected no order mhatsoever. ;

Several processes are requlred for the formatlon of nack Jce,iw.‘

vhlch is: characterlzed by monollthlc“structure and an absence of .

iorelgn mlytures (absence of salt—solutmon cells and alr bubbles)

RN

1]

Tirst 1s requlred a natural thlckenlng of the 1ce- second a thlck-” -

s

(v

them o:f‘f. “

Pack 1ce:(sue as here descrlbed) is 1mpenetrable to any type e

' of vessel.

Although patches of clear water between separate flelds of pack

- ~149-



'tremendous crushlng (1. e., the formatlon of a'
rldges.) _: .
Badlginfdescrlbcs a Wlnter crushlng : ﬁit

they are now a Walllng of t e wlnd"

”'éribe\the acCompanVIng“sounds-‘
. "y

cases more 1mnr9851ve to th@ eyP bhan tne ‘samé proceqs in w1nter. o

Enormous monollthlc ice breaks off rearo up, and fall, produ01ng L

3* Stefansson thinks ‘this'may be an undérestimate. '
: . - s
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no noise even when there is no wind.s¢ " - page 171

contde.

+ %" These descrlptlons by~Bad1g1n and :Zubiov” illustrafe, by ‘their

" contrast with others, that observers are liable to' generalize from
too few instancese: Ve quote from. steiansson‘s THE ‘FRIENDLY -ARTIC, - -
- pages’ 19-20, where he quotes other observers and then gives has oun

2 ﬁ;ererlence-f e

"In the far: North not only is ‘the: ground contlnually cracklng
when the temperature is:changing and especmally'when it is dropplng,"
but near the ses at least.there is;:not alwdys but on: ‘occasion,.a’
.contlnuous and to6 those in exnosed situations a terrlfV1ng noise. _
Vhen the ice is being piled. agalnst a polar coast there is a- high— "0 it
pitchéd screeching as one cake slides over the other, like ‘the ‘thou- °
sand-times. magnlfled credking of a rustv hinge.«  There is the crash-=:-: -
ing when cakes as big as a church wall, after being tilted on edge,
findlly pass beyond their equlllbrlum and topple dovm upon the icej.
and when-extensive floes, perhdps six or 'more feet in thlckness, ' _
gradually bend under.the resistless pressure “of the pack umtil they " .-
- buckle up and snap, there is a groaning as. of supergiants in tor- =

ment and a boomlng whlch at a dlstance ot a mlle or'two sounds llkeg m e

a cannonade. S

- "The eternal polar ollence, "wrltes tbe noet 1n hlS London
attic. But Shackleton's men, as quoted in his book "South,! now
and again commence their didry entries with the words "dln, Dln,.

DIN,! Robert Service. ‘some distance south of the artic eircle . .
1n a small house in- the city of Dawson, wrote much of the arctlc

silence, :But we of -the:far north newer: forget the boom and screech Bt

and ‘roar of the polar pack." ,

Badlgln, Zubov, Nansen, stefansson and others Who have des—
cribed the noise of winter crushing, do not really. contradlct geach”
other but instead descrlbe, each as accurately as he canj .what
. each ha’s :seen-and heard, : & good. over-all description will have -
to be a. comp051te of numerous reports from varied experlences. c

As for the c0molete 31lence of summer crushlng descrlbed by
Zubov: The ‘explanation ovobablj is that his observations were’
made from:the deck of a ship where there were many noises; among
them those 'of-engines, and of men. Stefansson has had -gimilar:
chances. of observatlon Trom 2 steamship deck: and would 1nsofar
. agree with Zubov; but he has also had chances of observation

“trom rowboats temporarily idlé, from becalmed $3iling SthS, from T T

drlftlng floes, and from:shore.: . He: agrees that:in.many ccases. there

can be a considerable amount of ice crushing, and the’tumbling of -

great blocks, without noise that carries to any great dlstance.

But he has also found at time that there is a variety of noises,

* amorlg them splashesy thumps, and even explosive “booms like tle muffled
sound of a remote gunshot or a dynamite exp1051on. He has noticed
these sounds. chlefly in fogs, ‘which probably.is for a reason ana-
logous to the well-imown fact that a blind man hears more than one.

"who has good eyesight, which is not because the blind man's ears are’
better, but because he concentrates upon them more. In a fog, when
‘your eyes are of little use, you naturally listen more: attentively.
(Note by-Stefansson). _151-
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The, ‘astounding sound phenomena Whlch acconpany the breakage ef ‘»page 171
: e contd.
Alce 1n the w1ntert1me, and absnlute qulet accom_anV1ng the morelﬁﬁ ,‘fﬁ" '

'fgrandloue summer breakawe, are explalned by the meihanlcal propertles ;]

' of'themlce.' The solldlty (strength) of the 1ce depends malnly on

its‘temperature. \Jith a temperature of below -9 the hardness of
ice is aoout llke that of a‘well baked brlck- w1th a further de- :ii~ )

crease in temperature the hardness 1ncreases llttle. Ai

1ng oi the 1ce te perature to the thaw1ng p01nt _une hardness of the

1ce decreases rapldly and approaches zero.j Ice under hlgh temper—,/

~atures changes 1nto a puddlng mass: - :

. .

The temperature of sea loe changes constantly durln '1-;»ex;srn~'

tence. It LSx 3ec1ally characterlstlc for the temnerature of the

flower surfa ce of the 1ce torbe constant and to be approx1mately

Sk RS B

equal to the temperature of the free21ng of sea 1ater, A e., l 6

- 1 8° below (Centlgrade) zero.' The temperature of the upper‘ourface 3

of the 1ce fleld follow's aparox1matelj the temperature of the,alr

A
5 .

and sometlmes drops lower than -40 (c) Accordlngly, the dlmenslons

2

of the lower surLace ef the ice fleld always remaln the same, an V?“Jﬁ

the dlmenslons of the upper surface elther 1ncrease or decrease.:

ekt

'-For example, th"
"Nerth Pole"
' the year by l o :

in the temperature. rf»ff;'

¢ B

o, g

* Bxcept for the decompos1t10n of fresh ice into candle 1ce,
‘Stefansson ‘is not ablé to- agree “with ‘(or at least does not undér-- -
stand) thls "puddlng" 51m11e. (Note bj Stefansson) #l'; , :fff:’;

- _'..A PR o R O



of;its'solidity,(Strength).

~

v‘matlon of cracks awhich in the: w1ntert1me are’ accompanled by sounds '

- resembllng Jloud: gun shots.-‘“ R %ﬁ;vlf} 5;” o %3f-1*“”?tr"“°

The men«of-thevstation "North'Pble e durlng thelr stay on -
"l

4 the ice field,. learned to dlflezentlate various sounds wi'th.which

the Arctic ba51n is fllled wn the w1nter tlme.l

In the course of, Wlnter, the - 1ncrease in'size of .separate ice '

bodlss ‘takes, place vertlcally through the heaplng up of - pressure

rldges and horizontally by the fre621ns together oft leferent

-pieces. ;Thusssnormous 1ce—f1eldsuarevcreatedr.mh1chﬁalscyget‘~

\,gsse 172

- contde

broken up sometlmes by flerce w1nter storms. The'ice cover of the

Arctic attains its greates+ development in. area and depth approx—;fiﬁ
‘1mate1y by hay, but the. "1nternal" thaw1ng of ‘sea ice beglns con~

-siderably esrller and.;sﬂezpressed;rlrst-of all?ln the-lessenlng o

. 1
~ Actually, .as we have seen, the sea ice consists of crystals

of pure ige,Surroun@e@_b&yeells»cqntaining=a‘salt;solution'offsee{f"'

water.» These:cellsrreach their smallestwsize“atnthe'moment~whsﬂ3

the temperaturs of the 1ce reaches 1ts minimume As .soon as this °

temperature begﬂns to rise, . the dlmen51ons of the salt—solutlon

cells begln,to_rncrease,“the,poncentratlon of the.solution: in - : -

them COfr@épéndingly~69creases -- and-the ice begins to. thaw as'if- o

-.from insidee¥. .

._1537 | :

‘% . Here a study should be made of the paper by Professor s Ge -
‘Thitman, "Elimination of Salt from Sea-Water Tce," in American
Journal of Science, February, 1926. Dr., Nhltman's ‘original - manu~~~n;
- Script from which the publlshed ertlcle is a condensatron may. be . |

seen in the- Stefansson lerary. (Note bv stefansson) ’

¥
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"‘part of the 1ce of ncrmth lrom ‘the: alrp from. the water surroundlng

eis u.nderstandable that. with the ap‘

"lngest the eun's uarmth into. itself and- as- it touches the 1ce, 1t

The rlse 1n 1ce temperature is:cavsed by: absorbtlon of the - ééié“i7zvx_
: contd. i

“the ‘ice, and by absorptlon of sun warmtn when -after- the end of “the 7*7

long pOla?~n;ghtvthe;§ﬂnfbeglns-tO"ShQW more'and morefabove,theV'w*'y“'”

§

horlzon. ;"'f "_ o R S PN

The absorptlon of -sun warmth. by ‘the ice takes: place W1th ind e

terestlng varlatlons. Among all the. natural w1nter coverlngs," R

" snow covcrlnr is the most nearly perfect reflector water: or “the

ontrary is the most perfect absorber Of sun energj. Iherelore, A

3.4/ w
‘ach of s rlnc and sumner the

thaJlng of 1c° proceeds lastest of.all 1n those places where there

is most cledr water between thc 1ce fields. The water appecrs to. "

transxers to it the warmth “and thaws it.

On the ice: fields the absorptlon of -sun. warmth is- concentratedf?“""

around +he dark obJecns “hlch are - encountered ‘on uhe surfeoe of Lhe*'”ﬁ

‘f_1ceaA On coa stal 1ce, the dark partlcles represent the dust “of- coestal

A

-origin Whlch was hrought to the fce- by the winds. " On the fee th~ T T

: the open sea, the da rk partlcles are: malrlj of organic orlaln'

~

tlnleet organlsms, llVlnv or: cead vhich ‘have’ one'way=oruanother';“57f E

frozen 1nto the 1ce.,u

. page 173
It was- alreadj noted in the tmmes of NEnsen, that the thaw1ng LEm————

’of manyeyear-old 1ce proceeds malnl from the top down and the freez—‘““-:-

1ng from below-—— all the forelgn materlals 1n the icey are thereforeul'ﬁ

gradually llfted upnards, so that 1n the«end tney appear on the eurface.
These partlcles aré the centers around whlcn the absorptwon of- the
sun's” rays and the 1ce-thaw1ng are concentrated. e f
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But however great the reflectlve quallty a certaln amount of E Eage 173

: S contd.
-sun marnth lo absorbed b] snow. It‘ls.understandable that th uuoper-_'

most snowflakes succumb flrst meltlng enough to agaln‘congeal wlth

S SN

‘each other 1nto a SOlld mass, a crust whlch possesses a greaﬁ re-- Sk e

flectivé power, The ‘snow: coverlng at thls tlme takes on‘a bllnd—«"iA

‘8 .

ingly whlte color, cau51n° durlng early sprlng 1n the polar coun— n
tries a severe 1nf1ammatlon of the mucuous membrane of the eyes, T
w%1ch 1s celled "snow bllndness."m : S
Due no 1ntense reflectlon, the hO”léOn a+ thls flme even vdthﬁiz
a cloudless sky becomes dlm, ano strong refractlons are observed.;~
If the. Sky 1s covered w1th g, thln leyer of clouds, ‘the: whole atmos-{ o
.phere seems to be fllled Wi h a sp601a1 sllvery llght, which rcsem-“ o
hles a 11ght reflected by a. pollshed 81lver (lamella) plate.‘ff" "V:;“l
In the oolar reglon, even when the temperature of the alz 1nr:?"
the early'sprlng does not ri Lse above ~30 ‘there” apnedr on. julfgces-;f
, ‘fa01ng south the flrst llquld drops of °alt solutlon, and the sharpﬁiw;f o

.l ! N - Ceten
‘eo*es of the 1ce begvn to change by thawlng, to get rounded out. R R R

'Awith further. rlse in temoerature of the alr, and the'rlse of he sun

# STE taken within the llmlts no. doubt intended by ”ubov, thls _ ,
statement. is.right. However,, oné of the best established- thlngs 'LT Lo o
about snow blindness-is that it occurs most ‘quickly, and u1th the =+ .. o
- greatest severity, not when the eyes are "bllnded" bJ the ylere of -
- & clear-sun or shimmering’ snow, but, on’ the’ contrary, when there is:-
no ‘such" glare. because the. sun is partly hldden Jpehind: moderatelj
dense unlform clouds, oroduc1ng the oondltlon Knov as d1

light.. (Vote by Stefansson) : : T




Y

o

above the horlzon, the uppermost layer of snow becomes saturated

v

T

Pvery tlme there 1s a sudden drop 1n temperature (after a thaw)

role of the glass cover oF a hot bed (parrlkovy)

Due to these effects there is a oradual accumulatlon of warmthﬁ_vx,,

both in the snow and in the 1ce, whlch 1s shown by the r1se 1n tem—z

e

perature of the entlre 111um1nated part of the 1ce,_ In the depths

COnﬁd. o

% <

ftﬂinlth water. Its capac1ty to absorb the sun' warmth then 1ncreases. T,

'an ice crust is formed on the surface of the snow, whlch plays thep; h

of the 1ce thls warmth 1s absorbed flrst of all not by the crystals .

of ice themselves, but the cxtraneous 'etween them. Thls,

by the way, explalns why Jce uhlch was'j}i

-

dltlon of a pond w1ll when meltlnq, acqulre a charccterlstlcally.;_t'

*unlform (sotoobrazny) appearance-'and that every'klnd of 1oe, 1n-“p

»”'1\,

e

cludlng sea ice at the tlme of 1ts flnal destruotlon, falls 1nte m;‘

separate needles, whlch represent the remalns of the crvstals,n

,~ - L

X

In the course of tlme, there are formed on the surface of the‘. _e.ﬁ‘

. ) Pl

. \

_whlch are called snezhn1t21 (snow thlngs) These contlnue to get L

| pae 174

ice flrst dark spots, and then llttle lakes of thawed ‘snow wator, ,>u;].t_.

larger even durlng sudden freealrg, due to the protectlon actlon SR

1

stances. hot 1nfrequently there may be observed on the 1ce llttle
B A e 5 : Co

, of the 1ce crust whlch 1s formed on thelr surface under such 01rcum- s

Ll

3% Stefansson has not observed the formatlon of needle 1ce except *fku
from (a) ice that was . always fresh.and (b) “ice that has -become’ fresh

(through the process desorlbed by Jhltman and uubov) (Note by

-_Stefansson)
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T th1n~transparent freshened 1ce but cons1derale fasteﬁ

;“flakes Of thawawater (temperature above 1 ), whlch are covered on the
top with a layer OL ide” up to 10 cme in thlckness.a-e~j5'u.‘ W

In clear sea 1ce the centers of absorptlon of sun energJ are

.the salt—cells, the dlmen51ons of whlch in the course. of tlme and

[

downward movement (nlskhodyashcheye dlvzhenlye) of the salt solu~f5‘

aE nage 174

contd.

tion and the . freshenlng of the ices Thus, under the 1nfluence of Ll

solar energy; and conductlon of warmth in the sea 1ce, deep 1nter— vt il

nal changes take place. These at flrst have llutle effect on the

external form and dlmen51ons of the 1ce, but thef decrease Ats sol—ﬂfﬁﬁﬁ“*

"idlty (strength hardness) and capaclty for res stlng varlous ey—<V~***”*i

ternal pressures. - @ﬁ,sn

In the meantlme, the llttle 1akes of snow watar on the surfacerﬁfi

14

of the ice contlnue to 1ncrease-_ slowly when thev are covereo math%:ﬁi il

*

when, - gge cbon it

the ralsed alr temperature, “the 1akes are free of 1ce.':”he-snowu@g¥ ol

water penetrates 1nto the cracks that are found 1n the sea 1ce. F}w;; kR

Comlng in contact vuth the 1ce, the temperaturr of Whlch is cons1d— S

erably below freevlne p01nt thls weter freezes, seals uo the cracks ;;;hﬁlv

and thus stops the dralnage of the ba31o nass of water under the 1ce.

* Zubov does not mentlon what stef nsson frequently obselved

that after & -small-water-hole ‘had frozen over, the water in it sub-

sided enoughto- léave an air space of a.fraction-of-an.inch up-to.

" one or-several inches.’ Naturally, this would apply: onlv to holes
of a few feet, or at. nost a IeW'yards 1n *diameter. (Note by. .

stefansson) . : : ‘
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\ 7

: ponds of fresh water to aopear on the 1ce.'.These graduall" 1n~

course of the polar summer are not conflnea to the southern reglons

'whlch had formed durlng the summer on the 1ce fnelds. lhc scme

, largest of such lakes ‘was. 200 by AOO meters across, and 2 5 m. 1n d,t

\

Thus, the prlmary tnaw1ng of snow on. the 1ce surlace causes 7' page 174
- e L contds

‘-

N

crease and unlte w1th each other., In the end they glve the sur—

face of the thaw1ng 1ce the appearance of 2 .sea; covered Jlth small

. s _; PR - v =

ieces of floatlng 1ce. Durlnrr this‘\erﬂod there can be seen as

emerglng from under the water (the depth of Wthh in the southern ?th

SR e W

reglons of'tne ATCU7C ba81n mey reach l meter and nore) only the

>., A Lot PRI

twos of the hummocks of many—vear—old (paleocrystlc) 1ee. The‘

resemblance hetween the ponds on the ice: and the ooened sea 1n—.d' oL

. <.}
‘

creases further when a w1nd covers uhelr surface w1th rloples and

<. PO,

llgh waves.‘ S T 'A'qi,_' - '; ~ -] o

. - o . Ly I N EA . R
- 5 . - B . o BRI EE R LT L ey T

Wormatlon of lakeleus of fresh water on - the sea 1ce 1n the'

v . B S RN

. ;.a T T Tei

of the Arctlc Ocean, where these lakes have long served as: sux pllos'”

of fresh water for sea voyagers.n L

~ ©pase 175
- It 1s well known that\ arlne the orlft of the Fram, 1ts crew !

s_frequentlv amused themselves by salllng 1n small boats on’ tho lckesj,ﬁ

s,
v ¥ CeLE

1 PR
. . . Bt

klnd of lakes were observed bj the oartv of the statlon "North

LS BRI E

Pole," WhO had to bulld spe01al canals to draln them off. The

-

* Durlng the vOyage ‘on . the Sadko ‘in 1035, in the northwestern

E part -of the Barents Sed,*we- took several .hundred -tons -of -fresh- wauer

32

from one lake tnat We. lound on; the 1ce..s¢»y@,- R RIS

'

il



hollows there is an accumulatlon anid* development of organlc llfe.

,appears to be extremely uneven, dug up with plts. Ffequentlj,

‘floats upe. . .

f.;gln depth. The Sedov crew also salled oI such lakes. :a;:.tﬁ:;Apn 'page 175

O contde.
It 1s natural that 1nto the deeper parts of eech sepavate SR

reservoir. all extraneous mlxtures gradudlly wash down.' In these

Due to the dark color of: these accumulatlons, absorptlon of warmth L

“is more’lntense here. Gradually these hollows penetrate down to -

\
the salt Water beneeth, whereupon the Whole volume of the lake'

sSnow water w1ll pour down 1nto the sea beneath the lce. In one

~or two days the surlaoe of the “ice- then seems to dry up dnd emerge

\from uuder the water. On the surface of the ice there novr remain.

1

- onlv the 1ekss whloh have a water 1evel elther hlgher than that of

the sea (1. e., lakes where no perforatlon 1nto the sea has yet taken :

plaoe), or else sea—level pools 1n1hlch the water is- salty. .lf'

The ' surlace of the ice after the drainage- of the thow water S

o after the ! lce drles up, cracks 1n ‘the ice field w1ll apJear, ano

the central or the thlnner 1ce undef the laPes breaks and then

it )

The . dralnage of- fresh snow water ‘under: the’ lce is followed by

another characterlstlc phenomenon (whlch was flrst observed by Nansen

~. "

¥ Stefansson never observed 1&&88, even on plaeocrfstlc wce,. o
that were more than hlp or ‘waist deep,. £hus on]y ‘half the depth re~§»5‘ a
ported by. Zubov However, the S+efansson partles ‘were oledoers ‘who -

" were always cr0551ng the ‘ice ponds- at what ‘seemed .the likeliest

fords. Then it may be that lakes nedr a w1nter1ng ship would have
a lot of debris in them, as described by Zubov in the next para-

: graph; while the, lakes crossed by the Stefansson.sleovers were -re-

mote from human locations and -thus free of all large accumulstlons
of garbage and suoh., (Note bJ btefansson) ’ :

\
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eand Was eoﬁfirmed‘ByrtﬁevSedo#!barty)3‘namely~ format10n7underkthe

(salty) ice of an. addltlonal layer of - completeWV fresb 1ce. ThiS'

latter fresh ice if formed .as- a ‘result of the contact of . the dralned

fresh,Water,WLthxthe:seegwater .the- temperature of WhLCh at that

trme is about =1, 8 Thus, accordlng to: the Sedov observatlons

s
\

. page 175. .

contd.

the sumner of- 1939, such water: runnlng down under the - ice and freez—.~=

~ing from below, 1ncreased the thlckness of the ice: by from ; to- 55

Clne ‘“?‘:i'»-i;» S

;

‘ Therthewihg:bfkthe:ice.on:the:sea~increases,specielly'efter:<z T

tﬁe"temperature5of'the"air riseS“eBbﬁe&¥§q7’*Grédﬁellyuthe ice
flelds weaken- to ‘such an extent that one or two storms are enough
to break. up’ flelds ‘which only: recently have been quite strong. It

N

is most noteworthJ that: from Lhelr outward appearance it ise verv

dlfflcult to tell“ln what"scaee of thaw a‘glven&lce~f1eldirs,-jseaﬁﬁf

K

ice, as was: sald tqazs as 1f irom the 1n31de, ano the" ldst- thlnn to

3break up 1sithe"shepe (the frame), - As -was. shown by the observations

of Soviet'poiar«statiOnS~suCh'stralts:a85~¢0rfexemple,;Matochklpija“»?"g

Shar and YUgorsky Shar, are open d up (i;e., the large f10e°~an@~‘fA

flelds break 1nto Omaller f10es and- cakes) somotlmes when the B

‘ thlcknessﬁof therlce coveryis hot leSS'than 1m:

Durihg the breakege of ice fields ih the. course of the polaru'

summer under the actﬂon of storms the erces of clear water between
S 3.

AR v

......

floes a. certaln:freedon of movement. There are no two 1oe bodles

in the sea thatiare:al;ke upon each the w1nd and the permanent
and temporary sea‘curreﬁts,act;d;fferently,véausingithe individual{f
fields, floes and CakeSJto,move‘with different speed and in dif-
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, ferent dlrectnon.‘ Thls leads to 1nev1table and frequent colllslonje

.+ Tcontd.
whlch :s accompanled by breakape apd farther 1ncrease 1n tne reas:,;lgny' '

of clear Water‘between the 1ce. The more there lS of clear water f.

. v
v or

the stronger 1s the movémeht of 1nd1v1dua1 i.ce. bodiea»mn re‘atlon

.4.:

to oach other, and the more rap d 1° thelr thaw1ng anu thelr dls~;w

1ntegrat10n.

R Uhen Warmed by the sun the uppermost partlcles of thc water

] 8T

touch the ice. and cool off, and get heav1er, and £hus. 81nk to a.

greater depth., New drops of thaw water flow down off the lce t

T

take thelr place, 50 that there are. perpetuel stream ofﬁwater 1n ;tﬂ

o

the . dlrectlon toward the ice; and at a. certawn depth, in, a dlrec—ih;'”:

tlon away from the lce. Thus, each 1ce bodv in - the sea. reorGSﬂnts“;ﬁ;{f

in a way an,lndependent (self-acting) pump A similar :ircle of
' ﬂwarmthnmsocreated in the:alr, a¢so. Over the open surface of the ;

sea evaporatlon takes olace, vhlch 1s folloWed by 8 coollng of the_

' upper, laverq of the water anu the" warmth;: whlch was, taken awa?*f

from; the water aurlng evaooratlon, ‘comes: out. These nrocesses are.‘.}-

1nev1table durlng contact of- water and ice. Condensatlon of watere
vapor over ice. causes fogs, whlch are so common.. oyer the polar 1ce%i‘
1n the sumner. tlme. |

" In the border SeaS of the Sov1et Arctlc one—vear—old ice pre~-
domlnates. In the Central Arctlc basln, menv;vear—old (palecrystlc)
ice predomlnates.iozef;:;;w' '
Par cularIV‘lnterestlng are the observatlons of the Qedov oarty,

f
,,..

who ourlng the 20—month drlft could fol“ow tﬁe re?lme of prowth of

I

the paleocrjstlc 1ce.

-

o

¥



A

e knOW’theoretlcallj that the thlckness of ice, cannot in= . Qaéell76
: o contds
~'crease from year to Jear 1nder1n1tery. If- 1n some reglon of the‘* .

‘“Tocean, the number of dﬂgree-daJv (8fadu°°’dQGY) of frOSt deew the

o~

’sum of the average da11V regatlve temperatures of the air, and the

| extent of the summer thaw, remaln from year to Vear constant then -

~ the thlckness of ice that 1s 1ncreaq1ng bJ freez1ng alone, tends to
T a certaln llmlt. '

Thus, under a condltlon of 6 OOO degree-day ’of frost and : page 177

'funder a decrease an the th;ckness‘oftthe 1ce durlng summer by 1 m.

" the thlckness of" the ro"en—over wce (l'dov narastanya) cannot exe |
'ceed 965 cm.° but Jlth the same numbtr of degreendays of frost and o
a total of sumner thaw equallnp only 30 cm., the llmlt of 1ce thlck—
br‘ness rises to 790 cm. - It is asonable that onlj a llmlted amount
'aof ice thlckenlng occure; since the»thlcker the ice is the more. - -
;slowlv 1t ulll oLv1ously grow in thlcknees under the same temper~
,fatures of alr ’hen the ice reaches the thlckness whlch is char—
Lacterlstlc for th glven ;rctlc area, then 1t 1rcreasea onlj ‘as j
s much durlng the w1nter as’ 1t decreasee dhrlng the” summer;'

‘} The Sedov party gave much attentlon to thelr observatlons of
the polar ide. Besides wrltln7 -scY upulous descrlntlors of the con;
dltlons of the 1ce, and of the snow cover, the Sedothes every ten
aye took measuremento of tne thlckenlnc of the ice: that came about
from natural free21ng, i. e. w1thout breakages and p111ng up.

It is 1nterest1n0 to correlate the measurement of - the thlcken~ -

Alng of leve] 1ce, formec by a na aral procese of ;ree21ng, accordlng

to records made by the rram and oy the Sedov. Tn the flrst (or " "

"Fram series of measaremen s) the thlc&ening of the level ice fields

~-162<
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“rcame to a little more *than three meters.. (The greatest thickness page 177
R S ' : Com e B 1) 4]

of leével ice measured by Nansen was 365 cm.) .~ -

NoW'thoiSedOVfwas.besetvinoioeﬂwhich7had'iived'throughkﬁhe .

summer of'l9375ﬁsofwe?considen 6 dge: surroundlng her as nav1ng

,beennmade in 1036., For c0mparlson wet'give the Fram measurements

=;of ice which had formed. in 1893. . ..' ‘ ..; '

" nSedov!t Measurements | "Fram" leasurements - ..

-Ice Formation = Ice. Formation

Date ~incm. Date - ~°  in cm.
' L1936 ©1937°0 1938 T e s....1893 -
10 March 1939 189 170 163 }
20 March 1939 195 176 = 170 L _
‘4 April 1939 ‘198 182 179 1o April 1894 © . 2317
.11 April. 1Q39wf294a_.188,"186 e S
10 May 1939 215 201 198 21 Mey 1894 . .. 252
19 May 1939, .217.-216 201 - . L
3% May 1939 218 206 202 ;Q.uJguly . 0 2580

10 June 1939. 218 207 204

T

. On the whole the Sedov drifted along a couree considerably Eage 178
'more northerly than that of the Fram, nevermhelees the ﬁhickness A' -
of the ice at the tlme of the Fram drlft (as is shown 1n the date)

~>was con51derably greater ‘than at ‘the t;me of the §§g31 dr:ft. Thls
lfaoaln conflrms that a 1arm1ng up of the_Arctlc is now im process;

(But see prev1ous footnote on thls ).

In addltlon, the Sedov ooservauwons conflrmed once more the

' follow1ng facts~:'"
(1) The growth of . the polar ioe contlnues ourlng the summer,

due to low temoerutures retalned in the mlddle portions of the 1oe.r
‘ . - c .
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~

(2) That whlch has: become 1mpregnated w1th water, from the

i thaw 01 the snow cover, stays a loegtlme in a sbaae of freea:ng

(promerzanlya) ‘and does not anrease 1n thlckness. Thus, ‘the in--;-

crease’ 1n thlckness of lce, 1n the reglon of the Sedov dr1f began

onlj about the first half of December; although fre921ng temper—q;;]

atures of the air had started 1n the second half of September.i\_:_"'

Thus‘ 1t took about,two and a halfl

ths for the :ce to freeZe

(to free”e through and throqgh) and for thlckenLng to oewln.

K

It has alreaay'been 1nd1e _;pat the thlcknees of manj—year- ”

old ice depends not only on tbe nun er of degree-days of frost but

also on the extent of ‘the summer thaw.':? ,:?7. ) ?7 ;,%‘:'j"f"‘ﬁ
,,‘The Sedov1t s calculated for the w1nter about 6 000" degree-days,'

of.frost.. Then w%at could be the thlckness of the 1ce durlng the-;le

drlft under: dwfferent degrees of summer thaw9 Below are certaln .ﬁf |

calculaulons, aceordlng to the author's emplrlcal (emnlrlcheskafu)

Summer fha% , v;inl " ?“'Iée'efjib&l:?eﬁ‘ifiéékbfar‘egf’9%ICe:ef
Ccinem. o o 1e36- . 1937 . 1938
50 .. . : 29t - S R53 - 196
100 . 2i SRR =Y. P S 11
A0 b8 205 19

e e ——

- ;1n splte of the relatlvely hlgh temperatures of air. - I pa"e 178

From'this table it is clear that’ the slight thickeningidf x
the ice in’the fe’gfon-"’o.f 'thé\m':z—iriﬁt must “be e’i«ibleji'njéd Aot s0 -
much by the rise of . vaaLT temperatures as bv the increase iin !

ice thaw durlng summers thaf has taken place in recent years.

<+164—
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~ The 1ce fleld of the statlon "North Pole" had a thlckness of -

3 meters. The questlon naturally arlse . where was 1t formed

whence was 1t brought to the North Pole'> o

- It is. clear that the 1ce.f1eld n which: the statlon,"North

Pole" rested must have orlgmnate

the Arctlc, 1n reglons where the nnmber of degree—davs of frost is

somewhat 1arcer, and the summer thaw con31derably smaller than

' along the course of the Sedov drlft.

(Here a chapter is~ohitted)
As already shown, drlftlng and pack ice are found in constant

motlondsummer and”w1nter, These movements are of a’ three—ﬁold

page 178
contd.

~ page 179
bly colder parts of LL? |

Skt

Eage 188

h(foxr-folo) nature-. constant ones,dauced bv the predominant~and ;,,.

constant w1nds (condltloned by the dlstrlbutlon of constant flelds

- of atmospheric preesure in the regions ad.jomning the Arcttc) and

by the constant currents, sea sonal ones, connected Wlth the season— o

al changes1of centers of.atmospherlc act10n;>perlod1cxones, cond;r -

tioned by the tidal phenomena; and temporary ones, created mainly . . ‘.

under the 1nfluence of temporarJ w1nds.-; e

Known drlfts of vessels in the ice lndicate that movement of o

ice 1s never 1n a stralght llne. Ice f:elds move in one dlrectlon,

- then 1n another, or go back to the flrst dlrectlon, or descrlbe »-”

curlous loops and 21gzavs. Only prolonged observatlons reveal the

seasonal and constant movements vhlch haVe the most ssgnlllcance

for the understandlng of the plcture of c1rculatlon of 1ce ‘in the

Arctlcﬁba51nfv.xj

‘4-165-
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'} study of ‘paths of ‘spedial beasons (bissys,

,central part of the Arctlc ba51n Jred

- ice. from ‘the central part, 1nto‘these

vplannedo;' : ~ '

Our concepts of the movement of 1ce in the central part of ‘page 189

-

i},the AerlC b351n are as Jet not sufflClently exact and are based

on the study of comparatlvely few drlfts of snlps, and also on the'

casks), thrown out 1n

'varlous parts of the Arctlc ba51n by 1v’dual expedltlons,

As far as vie can Judge by avgi able'observatnon, the mlgra-f?“*f”

“tion of 1ce from the coastal seas ofvthe Sov1et Arctlc 1nto the

neteS'over~the‘entrance of

aétél'éeas.'””

In the very center of the 'tlc bas”n; as fdr as- W noir knov

fthere ex1st two baelc movements of‘polar ice. One of them, & gen~"

i

A B
i

“eral movemenn,als dxreeted fgogjthe h¥ic ic basin into“thé'Greéné"‘“

1and'sea:and:ieJobnditioned'bywthe'fiow<6f'eoaetel'we£efs\end¥éorre§+ﬂ

‘ponding‘W{ndS: thé76£ﬁér;“éﬁticyc16ﬁ{é;*ﬁith“é*één£§ff169aﬁea éppféxi-”
-matelv between 83 ‘and 85 N. Lat. 170 “and 180 &. Long., condltlon— "
,ed by vlnds connected wlth the reglon of 1ncreased aumoenherlc pres~
fsure (Iocated au the qulet—oceanlc part of the Arctlc) These move- o

»ments are conflrmed by all known drllts of vescelo-—— a001dental and

PN

L

Thus, the vesoel Farluk (of the tthQ btefdnsson expedltlon)
under the command of ﬁﬂptaln Bartlett in 1913-14 drlfted vi'th the' 53:"?'

1ce for a dlstance of SOO mlles,'approy1m tely from Cape Barrow

in Alaska to the 1slrnd urangel. Another notable drlft that oi e
the vessel Jeannet te, 1879 1881, whlch dnlfted from Wrange] Is—}f$j

,‘land to the Nov081b1rsk (VEW Slberlan) Ialands, a dlstance of 750

¢

- miles. The rram, Naneenls vessel,;dr;fted from,the.Noyos;blrskw

Jislands,to the“etrait.bepween Spitsbergen andereenlahdj‘endis4*

v



i kance of 1400 milés. Finally the véssel Maud of the Amindsen = * page 189
‘ VO S U U S o . contd.
expedition of 1922<24, drifted from the Wrangel Tsland to the =+ ¢ "'

Novosibirsk'isiands;”a-distance of'755“sea“niiesfﬁ Tbé>drift‘ofGthe"vii

laud alnost repeated the drlft of €5 indicating by

this the relatlvely constant d:.rect:.o "o f Ll ﬁxovement '-of”the""i'ce.'f *’véé,a;é 190
" See Flg. 28. | ‘ - 8 | o V
| The general movement of ice from east to mest narallel to the>
contlnent curve of the Eirasian shore 15'also proved by observatlonsv'*“*
‘made during the sledge - eapealtlons of Parry (1827), Cagnl (1900),
Nansen (189)),'and around the contlnent curve of América by obsér=
vatlonS'of Stelansson (1914) between 130 -and 140 o and by hlS
obserVat'Lone (1915 1917) betm reen 110° and 130° W, “
Numerous oeacons (drlftlng bnoys) tell us the same thingfb

These have been thrown out by Sovmet expedltlons 1n the KaratSeaA o
and the Laouev Sea and pubsequently found at’ the shores ovareen::‘g
land Iceland and NOrway.;>mhus, the drtft of 1ce'forms orie uninter- < %

[

runted llne along the perlpherJ of the central Arctic basrngfrom *typaée 191

1500 . Long. o 0 Long. embra01ng more than half’ of 1ts ciréum~
’ference. Such a drlft t kes 1ce from Berlng Stralt tlll it is

carried out 1nto the Grnenland Sea, on the average 1n 4.5 to 5

N

years. o
The dlrectlon of tne drlft of ice on the remalnlnc coast of

(the :slands north of) Amerlca has not been scudled as much. Here7f“;,

we have flndlngs by Peary that durlng hls repeated sledge travels

nortn of Greenland ‘and Grant Land the movement of 1ce was dlrected

from west to east — thus toward" the w1de stralt between Greenland

and Spltsbergen, y the Papanln Stralt."‘
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' ;the studJ of’ condltlons of the drift'of'the Fram.' He.obeeryedvthat<

ing ?p\the;changes.;gbspeed

- ed the following two simple -rule
’ ' ‘ PR ./. . l)‘“

'ment on Lhe Earth and ceases torether w1th 1ts cessatlon.v It 1s“ |

3 - Or the force of Corlolle, named after the 501entlst who
first explalned the origin and the 51gn flcance of thls force.

Observatlona of the statlon "North Pole" are specially valu-[ -paee-lél:

rable in that they were flrst %o demonstrate that ice. from the North

»VPole moves irectly .into the Greenland Sea. . '3;f{’ -tai_;:A_;; jw}L!;

Uurwng hlS expedltloﬁ Nanbe 5spent a breat deax of, effort .on $‘ .

7

the ice fields of the cenﬁ 3l Ar’ tc very'”eadll yleld to’ the: ac-;?f;

:tlon of a (local) wlnd and chan-e}thelr speed and dxrectlon accord~

ectlon of the w1nd. He estab115h~_%

. e

o . "

e:‘pproxamately one. flftweth of: the

(1) e speed éf' di«ifffc

......

speed of the Wlnd whlch causes thejgl Lfd?if?ﬁ:ﬁ

(2) The dlrectzon t  the d”lft 1nc11nes on the average 30

40 from the. dlrectlon of the mnnd which caused thls draft. _‘;};”f”‘
The last phenomenon Nansen ascrlbed to the 1nfluence of the i,t_

cevlatlna (otklonyayushchey) force of rotatlon of the ?arth.. TnlsffA

. ‘explanation has been Jud ed correct and was 1a er taken aa a. baals L

‘;of.contemporaryathecries of seavcurrents.~,_,_ f,.i;-f‘;.iﬁ,_j.; o

'"he eev1at1ng force of Earth's rotatlon° Dossesses remarkable

A..propertles. It orlglnates together w1 n tle beglnnlng of any nove- i

-

proportlonal to the mass of a mov*ng body. It ls_propertlonal tof

the sines Qf_geograph;eal_1at1tude;\‘Qtjequals zeﬁoan)ﬁhe:eqqator!._

o
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Aj"Kﬁ‘and 1ncreases in the dlreotwon of tne poles, “where 1t attalns its " .‘page 191

greatest value.. Thls forces JS pronort*onal to the speed of move—"

ment, perpendlcular to any horlzontal novement on the earth in

" the- northern hemlsphere ﬁt 1s dlnecte' e thevrlpht and in the

f~sout1ern to the 1eft 1ndependent ofthe” éctlon in vhlch the -

“movement itself is. taklng place. o
, 0 4
The follow1ng w111 Flve us an unaerstand:ng of theé magnltude page 192 o
- of’thisuforce? At the poleo where the force of COPlOllS 1s ‘great=-
est, wmth such 1n51gn1f1cant opeed of an oogect as l cm. a- second
'7'(or in other worde, 0.036 ke, - second or 0'864 km. a day)® i
constltutes about ‘one seven—m1111onth oart of the force :of grav—ﬁ"

[

1t‘\,. AN /\ . . . A
- . . . N N

‘a'The'doriblisAforoé~in'the'northern-hemiSphereuturns'arﬁiliery=;
sheiis"tofﬁﬁe‘righﬁ} 'ﬁue"to‘this'force theiinside'part~of the’rightA' o
rails (1f Jou look accordlno to the movement) ‘on ‘a rallroad become
“worn, etc. But the Corlolms force" eyerts the greatest 1nfluence
ﬁpbﬁ‘tﬁé vaement of water andoarn~mds§es. . "¥,'~ :?. BN
¢y The erosion. of their‘own‘Shoree by rivers is explained by this

.force . In rivers, no matter in nhétioirection'theyrflow,ufhe right.

t %7t This is correctly COpled from the book. - Apperently LIoN 036‘km.
a second" should read "O 036 km. an hour" (translatlon note) ‘

WWE Let us recall that the max1mum vertlcal component of the tlde-
. forming force of the moon equals only 1 n1ne~n11110nth and -the max—.
imum- horlzontal component is only the twelve—mJlllonth part - of the -
. ' force of grav1ty, -and nonetheless these: Porces ‘cause” such grandiose
?'-ohenomena in the ocean as the - tldes. o i -

-



'j;shore 1n ‘the -noerthern. hemlsphere always tends to be pre01p1tous and page 192 .
' ~ contd.
the left more, flat.u Sea currents, no. mat er how caused always o ‘

" tend as. far as p0851ble to 1nc11ne to the Tlght.“ Thus,;the dlrec~ o

tlon of “the general clroulatlon of waters of the ocean are condl—

.;tloned to. a great extenb bJ the force§of Corlolls. Tneisamelapplres_,

fully to the atmosphere.

Tt came about that crlft condltlons as elu01dated by Nansen

were - checked on many expedltlons and at many. polar statlons. Re~‘

g markable deV1atlons from the above rule sometlmes helped to under~

). '-;"-

- stand very complncated phenomena. Thus, for example, as was already .

"1ndlcated the angle of de,' on 1n the Fram drlft 1n senarabe

'1nstanccs, on’ the averaee fluctuated about 40 deorees to the rlght.

But when Nansen ealculated the mean directian of the wind for all
the three years, 1t turned out that the Fram 1ncllned l deglee to ‘
" the. left. From this Nansen.concluded that the Fram's drlft was ;l-

really composed of two drlfts' one under the 1nf1uence of local o

.

“and brlef'wlnds, the other a general drlft, connected nlth the gen— :

eral . c1rculat10n of Lhe ice, 1n nhe Arctlc Ocean. . ’

A more - strlkang example (1f correlatlone of dlrectlon of Ulnd

and wlnd—drlfts of 1ce fleldo are valuable) is the dlscovery of the f ‘

P . © o o
B TR
' 7

1sland Ielse ‘in. the. northern part of the Kara oea.‘d R
The year 1912 Nas very'dlfflcu,t for the Russ1an polar workers.
ADurlng thls ycar three expedltlons went out 1nto the APCth Ocean-~

(l) The expedwtlon of second Lt. Georg Yahovlev1ch Sedov

~on. the vessel ut- Foke, whose alm was to reach the North Pole.

This expedltlon ended Wlth the death of 1ts leader.
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(2) The expedltlon of the. geologlst B. Ay Rusanov, on “the. 45 .page 193

v

vessel Hercules, which perlshed in the- attempt to nav1gate the

i

Norther Sea Route (the Northeast Paosage) Up to now only traﬂes

of thls expedlton have been found'

(%) The Expedltlon of Lt. G. Br 51lov on’the vessel St.; =

Anna whose -alm-was. also to nav1gate tne Northern oea Poute.’

A

The expedltlon of Brusmlov reached the Kara Sea.g On'the~2hdf"

'of October, 1912 1t was beset in the v1c1n1ty of ‘the meotern coast :

( of thezlamal penlnsula.,'Laterwthe"shlp was carrled»out from-theu :

Fara Sea north along the eastern coast of Franz JOSe* Land and

'.\gthen 1t drlfted 1nto the Central Arotlc basmn. Aprll 23, 1941, e

i when th vessel was at. 83 17t ,. Lat. and 60 E. Long. eleven men
vof the crev Jbeaded by the pllot B. I. Albanov, abandoned the shlp.

vOn the 8th oP July they reached the southJest cape of Franz Josef

=~

bLandu on, Julyf22 only two of them reached Cape Flora the ollot

| Albanov and sallor Konrad the “est perlshed, partly 1rom exbaus—7‘"

,\.

' tlon and partly from unkown causes

contd.

On Cape Tlora, Albanov and Konrad began to prenare for wmnter— :

4o1ng. But the" dld not have to ulnter the*e for -on August 2 thel~ -’f

St. Foke reached the cape. w1th Lhe partlcipants 1n the exoedltlon

of Sedov_who uere returnlng to Archangel.:

On the way to 1ranz Jbsef Land Albanov had not conducted obser-:,

' Vat“OnS because of“travel dlfflCthleS. None the 1ess the Albanov
“;trlp is 1mpo“tant for on the way from the St. Anna he. crossed the
exact locatlon where the charts 1nd1cated Peterman Land and the Land
01 King: Oscar, and thus proved that these lands do not ex1st. .

g | _171_ o
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Albanov saved the. log of the St. Anna 1n 1ts entlrety, alse --_page 193
a ~contd,

- the complete notes* of hls meteoro]oglcal observatlons durwng thevfgx‘“‘

tlme he iwas ‘on the Shlp. ThlS'Qnabled s01entlst8'to reconstruct*f”i""

the conditions of the St. nnna drlft.v-~

In- 1924 Professor delse; g 3 ana]y7:ng the Ste. Anne observa-

tlons, came upon a curlous pecullarlty of her drlft between the 78th
. ; .
Cand 80th parallels and between the 72nd and 78th merldlans, Eest.s
ﬂbvﬁere the~vessel, whlehvwes»dglgp}ng %n~e generalunorthward dlrectlon,fi"f
inclined from ﬁhe-difeéiiohfe£n££€.W{ﬁd'no£*to.+hésfight;fés{w6ﬁ1dv
foJlow from Nansen's second rule, but to the left.1 Prof;»ﬁelqe““’ ,
came to the conclu51on that thls pecullarlty could be explalned by page'lQA
_~the presence of land between 78 and 80 Ve, towards the eaSo and o
.not far from the llno of the ot. Anna drift. ouch ldnd was actu;:f%
,ally dlucovered .1n bhe shape of an 1slend bJ the expedltlon on
| the 1cebreaker Sedov -in 1930 1t 1s located between 79 29! and 79.
3?' 1, Ldt., and 76 46' and 77 20' E.VLon?.‘)Thls 1sldnd was w1th fféfi'
‘Proprrety nﬂmed for Welse. o ' iii'mi“ ‘_»4ifiv'%nflﬁlv;_’ e
' Pecause of the scrupulone and numeroue‘astronomlcal determlnae-
.tlons of the p051t10n of the drlftlng 1ce fleld and. determlnatlon;4l“
by 1netruments of the speed of the dzlft, mhnch were taken by the
stetwon "North Pole," a plcture (mao) of uhe drlft of the 1ce fleld
Lewas reproduced Wlth such detalls as no other study of a drl?t hes ~
vmlglven us’ before. N | | |
. It mas understood alreadJ that the dlrectlon and speed of drlft—'ifv.
ing ice depends +0 the greatest eytent on the force and dlrectlon of "

tne winde " These meteoroloplcal elements wére determ:ned by the *

Papanlnltes every 4 hours. A‘spe01al apparatus, "anemOgraph" was
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EERREN used from May 21 stralght through the middle of Octooer 1937 recOrd; page 194
| ~ - conta.
“1ng unlnterruptedly the speed of w1nd. Due to thlu, the corre1a~ ’
tions:which“can;be_madeibetween the_speed‘pf the drift . and the wlnd

':have ah'exceptional.accuracy.

A echematlc chart of the drl C ) t_the ice

”fleld carrV1ng the otatlon “North Poleﬁ descrlbed curlous 21gzags Ef :'
and sometlme even.loops, whlle reta:nlng at, the same tlme the SameWAw
generalsdlrectlon.from ‘the oole 1nto the.G;eenland_sea, andplaterA N
along the eastern coast of Greenland. » ;wt vf_.‘ .~~.'.r, .l‘.,_ 1 [
| - The’ dependence of the drlft of the 1ce fleld upon the wind?sasl | |
-»@demonstrated in the flrst month after the statlon was establ:shed.:h
Thus, . (from 1ate May) approx1mately to. the 5th of June northwestern .
winds predomlnated 1n the veglon of the statlon, and the 1ce fleld :

moved practlcally stralght southward. From June 5 to 21 the noxth-

westerly w1nds were replaced by southwesterly onee and the 1ee 71

fleld began mov1ng eastvard. Thus, 1nvar1ab1v under the 1nfluence | )

y -

. of the w1nd the ice fleld changed the dlrectlon of 1ts course.i In R

'Euconnectlon w1th the change 1n force and dlrectlon of the w1nd the h

o speed and dlrectlon oi the 1ce drlft naturally, changed also.t
The speed of the general movement of the 1ce fleld southwahd :i;i "
changed too. The mean ssoed of the drlft for the entlre period was
about 9km._a day. However, there were perlods when the ice fleld ; o -
remelned in one. place for the duratlon of several daJs on‘ V_‘h";.vpage’lgs
:Vstlll;other days‘the'speed of drift . 1n3reasedfto 43 km. a day. 'lt‘
vlS noteworthJ that the speed of the drlft 1ncreased 1n dlrect :
proportlon Nlth tne paSSage of the ice fleld south. Thus, from"

the pole tO 85 M the mean dally speed of the drlft southwafd Was‘_

'—173--
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pendent of the local w1nd. Thgs,,

' ment southward, south w1nds retarded

illlustratlon (Flg. 29)

"5¥fiiebeuﬁ Shkm;~a day. FPOm 85 to 81 N. 1t 1ncreased to 9 kmia’ day,ffﬁege 195

L e contd.
Uiy TR R L

in' February to 33 km. ‘a day. -
The prellminary study of tne drlft conductea by Fedorov and

ohlrShOV (members of the Pupanln ‘ditlon) 1nd1cated that the Heeie

‘fleld was drlftlng under the 1nfluence'ef.that #ind whlch Was- blow~ .

~ the 1nfluence of the generwl movement, direeﬁedfSoﬁ%hwaid*ehd?fﬁdel'f*

\unlng%ﬂhe éﬁéehcefbﬁ“Wihd i

. IS 3
[ D

1ce ¢1e1d 1nvarlably moved seuﬁh. N'zth-winds hastened 1t move= -

or even arrested the actlon

BY {“'

of the'constant drlft, eve_‘,5;’n 'ffdent ‘that the ice field

dr1¢ted northward temporarlly, es we can see 1n the accompanV1ng

2“’ I.v;

The speed 1ndepenuent from the local Nlnd movement of the 1ce

“in the 1mmed1ate v101n1ty of the’ Pole, Was approx1mately 2 km.~-ﬂff:?ﬁ

~

day,, As sald{ this . speed gradually 1ncreased southwaro- between Erenis

Paralielﬁ‘7d end\75 it reached 10't6 12 km. a day.'**?*uﬁgl‘amw1':4?%:;i

The ‘speéd ‘of the drift increased sharply when' the ‘station’ "« ..~

floe bégén'fe*afifﬁfalaag the édast~bfiereen1and;f'Eﬁideﬁt1e*thezea i

w1nd 15 not the only'cause of the gradudl incredse 1n spced of the

~

ice fleld.as it goes southwava. Undoubted*y-an-lmportant\role:was e

.'played here'by the eonsiderable freedeﬁfof movemeﬁtjefftﬁe*iceﬂasﬁﬁ”“V‘“
iitvaﬁproeched'thé*éﬁaeieus; iéeeffee"Gfeenlend eeé;*;fhqu.gér,;“"t

_ exambie;“in Aﬁguét7£he mean speed of the wind was eomeWhatwgreaterifTA
 than in Dé¢éﬁbér;'ahd’ﬁhe’&iréctibp'df'£he*wiﬁd'wasﬂapp}ogimgtely;::aw

the sare; nevertheless, the' floe driftéd in Decam’ r with a speed -

alnost thrée times greater tlhian in' kugusti = Obviolisly: the chief -
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“‘role was played here by the‘east~Greenland current.Vu _w_,i‘

_Qagee196.

_contd.

The drlft of the Sedov, as well &as..the . drlfts of the Fram and"u.g-

the statlon "Horth Pole," did not proceed in a stralght llne. The; N

Sedov frequently back—traoked desc""a

"gzagq and looos, All '
~,tnls was. connécted’ wmth the chana 5%

:xthe-ulnd..;_e;;;

Sotion -anda;..SP?e@_ of .

InJFig. 30 the Seddv drift‘is shoWn by the.continous dine ahd ;,,Tl

: the path of tne Wlnd by the dotted llne, from the 1st of September o

19;8 thruuch the 1st of February 1939, on the assumntlon ‘that the 1

Sedov~dr1ft uﬂd the path of,the air partlcles Qn the_flrst Qf Sept-. f€ 

ember began at one and the same- nolnt.-

L

The. scale of the speed of the drlft and the upeed of the w1nd‘,lﬂ

is acceetedeaccordlng.to the rule of-Nansen,'l.e. the epeed:pf the . -

drift is one fiftieth, of the speed of the w1nd. R

"ﬂ;ue can see from Flg. 30 thau where the dlnd retalns 1ts dlrec—

tlon durlng a more or less prolonbed tlme, the drlft of the Sedov, :‘

in that Dlaoe is’ also more or less. steaoy

In October the w1nd descrlbes a flgure elght and almost the )

‘same flgure ms*descrlbed by the~Sedov.; At the end of NbvemLur the'

" wind describes peculiar Zigzags, and a aimilar zigzag s described_x'e

'by_the Sedov. Between January.l-and eo,the,w1nd;desqr1bes a loop,

and 'the Sedov descrlbes the same klnd of a 1oop..

Thue,'the_drlft;ofwthe'Sedov_repeame he path .of the w1nd. w1th

the difference that it is’inclined from.the wind st 30 to 40 degrees

‘to the right.  If in certain points of the drift:we;heye;eéemell.de4 B

-viéﬁion@ffem ﬁhergeneen%rples; it should be-explained. by £he:inegmfﬁu-g

pletehese ofeihformetien fromfthew§ggg1.;,; e e

—
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drlft occurred 1n an almost pure fo;

—

The ‘author's Work on uhe Sedov observatlons oroved that in thls

‘region of the arlft a constant current was very weekly 1ndlcated'ﬂ

for practlcal purposee e msy consnoer it 1s abscnt.» Due to thls

c1rcumstance, the“e “were almost laboratory condltlons for the study—

-of the connectlon between the drlft and tbe w1nd. Dlvorced from-.vl

‘the dlstortlng 1nfluence of land and ccnstant currents, the w1nd- o

mple examlnatlon of the 1llust1atlon shows how correct the f

two Nansen rules are. l@ cannot dream o? a better conflrmatlon of 3

these rules. .

b

e must empha51ze once More that 1n contrast to tha meteorolog-”

ical: observaLlons of former polar explorers, analogous observatlons

of the Sedov_staff (as well as +he Paoanlnltes) Vrere conducted dur-'

" page 19¢
: contds

%Eegeilg'

1ng the exlstence in the Arcnlc of a modern nov:et net of polar sta—*‘“

- tlons, Wlth a modern level of knowledge abou4 the ﬁretlc. Thls c1r-

RN

~the. Sedov personnel, enables us - to draw extremely valuable conclu—’

sions Irom the oboervatlons, Thus, a further’analvs1s othhe drift

- of the oedov, and 1ts cor“elatlon w1th the charts of dﬁstrlbutlon
at atmospherlc pressure drawn up bJ ‘the oOVlet weather servnce for B

the . same perlod, gave the author an' opportunlty to- add to Nansen" o

rules two more that are‘equally 51mple~ff’t t""lih('”?‘uf
(l) The drlft of 1ce ‘is dlrected ‘along’ isobars, 1.\., along

llnes connectlng pomnts on- the earth's surfaee where the atmospherlc

»pressure is: the same ‘at'a glven moment. Durlng ‘this the drift is 86
"dlrected that the place of tne ralsed atmospherlc pressure is atr the

o rlght and the place of lowerod pressure to the Teft of the “Tline" of

REa

R :cumstance, together w1th the high accuracy of observatlons made by‘ffi*{



ithel‘dri'ft‘;" et e i R . , L .. .. . page 197
: i L - S contd.

(2) The 1ce drlfts wlth a soeed proportlonal to the gradlent A

of the atmospherlc pressure, or,.in other words, 1nvereelv propor- .

| tlonal to the dlstanﬁe between t_

\nAhe flrst of these two rules is notlefflcult to evolve, in theei
:follow1ng manners i moeerete and nlgh 1et1tudee the w1nd from- L
.contact w1th the earth's surface and uoder'foe influence of»uhefde% :
cllnlnﬁ force of'lts rotatlon, is olrected approx1mate1y 30° tofﬁéff
degrees to the left of the correspondlnv 1sob The drlft oF"fhef;:'
ice, accordlng to the second rule of Nansen, is 1ncllned away from, ;
the dlrectlon of the W1nd at aoorox1matelj 30vto 407 degrees to the fp
“rlght. Thus; We have the real drlft of 1ce alono the 1sobar 11nes. ?.,:
Tﬁe second ;ule was formulated in ‘the follow:nc manner-?{Ih';ﬂfﬁl
the abseoce of constant currents and the d_oto tlng *nfluence of
?”iland the ice moveo w1th a speed prooortlonal to e speed of the .
w1nd. The latter in 1ts turn is proporbiooal to the graalent of N
atmospherlc pressure -—-the closer tovetner-the 1sober 11nes-on~the;f
synoptlc chart draun for some regwon, the stronrer is tne w1nd in
the glven reglon. Thle nges tbe ooselblllty, supportfd by purely
theoretlcal deductlons, that we .can moasare on the swnoptlc chart
not only the dlrectlon of the ice drlft but also 1ts speed. |
Durlng the drlft of the uedov from September l 1938 through
Feoruary l‘ 193 Fs southeasterly w1nds predomlnated and the vessel
jlﬂfgene"al drlfted towards nortn-northwest. Prom thlS 1t follows i,’
\ that on the average ourlng thxs tlme the area of rdlscd pressure
‘was somewhcre towards east-northeastvfrom her -- in other words,..l.

that the Sedov drlfted along the perlphery of the Chukotsky antlcyclone.

¢ - . Coe
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\J

day- perlod of December the vessel vas under the actlon ofeaasterly ff;

‘and suple ample proof of the correctness of the aforementloned

supp031t10n, that ice tends to. drlft along 1sobar 11nes.

.them.% These charts are very 31m11ar- they dlffer fromwsacn other'

Dﬁring separate intervals of time;fhowever,*the<barometricé? .+ page 199

- circumstances of'the Arctic'chsnged:radically; Thus, in the- flrst

ten days of December, 1938, the Sedov wWa's under the act 1on o? west—

- ern and’ SOUthW@Stern Wlnds, and ”or“e“popdlngly drlfted southeasta""

“erly. From thls 1t follows that durlng that tlme the area of ralsede?

- pressure would have been southwest from the Shlp-’ In the thlrd tenr,,;

Wlnds and corresponclnglv drlfted northwest. The area of ralsed

_ pressure should thcn Have been 1n the VlClnltV of the North Amerlcanfuf

”*iriArctlc archlnelag°'.,

HIn Fxgs, 31 and 32 we have charts of dlstributlon of oressure o

in the’ Arctlc for the fliSt and thlrd teneday perlods of December

1938. Thev 1ndlcate the genera1 drlft of the Sedov durlng thls txmeii

B éage 200
In Flgs. 33 and 34 we' have charts of the average dlstr:buulon o o

of atmOSpﬂerlC pressure in tne Arctlc durlng SummeT:. snd wnnter. Theuf

' general drift of the Sedov for the same season 1s superlmposed on’:

N 4,-.‘ .

in only a few detalls. SRR
From these cherts we- can see that the basic features of the cmrcula—
tlon of 1ce in the central Arctlc,‘whlch evplaln all the drmfts of -

the ice,. and many other phanomena But from an examination of” L

3* ~Flgures- 33 and 3 in orlglnal do. not shnw path of Sedov,
apparently an overslght (translatron note) RPN



. - these cbértSﬁitfaiso’folidws~that5iin'orderYtOKjudgeies*tofwhe%her‘” page 200
. ' -contd.
the: drift. of lce, or the ‘passage . of a Sth movmng w1th the 1ce, will .

be dlrected 1t is not enough o know- the dlsp051tlon (polozhenlye), -

one’ st also know: the ‘time of thl“ 'fwi"'Psdﬁtermln?tlon.~~Thus:

forﬂexample;:ifuthe’SedoVVQt\thef‘ : oflgbfdlu1939lwenehdis;ﬂ
covered 46 be ‘at the Same: latltude, but not at" the hundredth merldlanﬂ
‘of ast Longltude as':she actually Was,but anprOhlmately at the merld—?
ian of: Berlng sty alt then she’ would have been carrled not eventuallv’
,‘to Papanln Strait (between Spltsber"en and Greenland) but toxeras 1;
thes northern shore of Amerlca. i{ , o ,'?'.;":All':’%"_ Eage 201
The moverient of ice-aleng. 1sobar llnes explalns why the vessel o :
Ihud of the Amundsen expedltlon, wh:cn 1n 19?2 entered the ice in B
rthe v101n1tV'of Wrangel Islana, moved w1th tpe ice alona tne con-lﬂ
tlnental curve of the Aqlatlc coast, i.e. along the parallel of
latltude ahd not along the meridian of long1+ude, in order to drlft
;across the-NbrtnnPole.w Wle see- that the 1sobar llnes in. the wrangel |
reglon;usually, ‘and soe01ally S0 in the fall trend epproxlmately
along the parallel. | - L o
Acoordlng £0- the .new rules, in the monthly‘charts of pressure
over the. Arctlc ba51n made up by the. weather serv1oe, there Las a :‘1:;
E calculaolon of the theoretlcal drlft of the statlon "Worth °ole" | Eage 202
(from the 2lst of uay 1”37 through the lst of February, 1038), and
r.of the: 1cebreaker §gggz from the 1st of November l °7 throunh the s'fur .
.lst of Octe 1039) and of the i cebreaker Lenln (from the lst of Novem-
ber 1937 through the lst of Auguot 1938) R

N
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The*llnes of theofetlcal ahd aotual drlfts of the icebreaker .
VSedov c01ncided best ‘o f-ally’ whlch by the: way, is’ natural for
.‘thlS Shlp drlfted un&er eytremely favorable condltlonSz

he\theoretlcal drlft HOf the 1cebreaker Lenln also proved

‘page- 202
contd,

A o ,P.é&i_z.@'
toubeaclésedwtﬁﬂth@“%éﬁu%l-Ona%fseeﬁFiga*35)}ﬂthevtheoretfcalfxines~~: ‘

fhowever trended—somewhat mere~southuand~ea5t. ThlS is: explalned by 5.

the dlstortlng 1nf1uence of the nearby contlnental coast and the

“NayQ51%1rstk¢(NEWYSlberlan)ﬁislanqs;whlchvlntérferedﬁwlth the d¥ift

of the~icebpeakerginfthe_sputhérnwgnd<eastefnldiractibnSa: Theﬂéim&;ﬁf

'ilarit§=0f the theoretical and actﬁél drifts~of“thé ibebreaker»Lenin'

: 1s partlcularlv swgnlflcant for thls d”lft ‘was through that revlon

nhwch lS equlpned W1th the mosb numerous meteorolo¢lcal statlons,.j.l”'

and:’ 1n'whlch the 1sobar llnes are -drawn . on the basia of actual ob= ..
servatlons and not:on- congectures, as is true of. thC(cantral regiuns
of: the Afctlc. B ;;vj, ﬂa-i,_:,,'ls;_~.» o

Tho theoretlcal drlft of the Statlon "horth Pole," calculated

by tbe‘same.formula,-dlffersfcons1derably»from the.actualﬂdrﬂft.»';grﬁ

Flrst the theoretlcal drlft of the statlon comes:. out at the coast

P

~of: Greenland, and secona, it is shorter tnan the actual one;; (con— Lot

—f?siderlno the latltude) by 550 sea mlles. ouch a dlfference 1s en—~:~»

iftlrelv unae standable° :whpn the theoretlcal drlfts were constructed

only the 1nfluence of local w1nds was taPFn 1nto account whlle the ;f

‘movement of the ice-is determlned not only by w1nds, but ulso by

constant currents.»; oo v' e PR .l f_“,-4%¢y;j AT

'Naturaily, in thé regions:where the constant currents.are weak,

‘the local winds do have the primary influence on the speed and the

-direction of drifto
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... page 203
T . :‘ Poovea e ‘NJ" ooen e ‘ el 4 Thw o \ e cohtd.

A

With nearness to the Greenland Sea, the local Vinds exert less
,influence Oon: the *ce fields, becauge ‘of the strong EaSt'GTeenland -;i

”11'~contrary to" the s

currentf' Weak winds, the directﬁ‘"*~'

q

constant current only slow down “ten hold up the general
drift southward._ Such was ‘the ’ case’ with the station' "North Pole" e
and with the icebresker Sedov. | S
The second circumstance which influenced the difference. between S
the actual” and theoretical drifts of the: station "North Pole" was the';
*:ﬁfollow1ng.‘L’ N
The speed of the. wind-propelled drift of the . solid ice fields
in the central‘Arctic, as;waststatedﬂabove,‘is'50,timeS‘leBSTthan .
the speed of the w1nd which caused: this drift. “The speed of the
drift of. ice, under the influence of the w1nd, increases considerably;
if there is an open ses -ahead. -of - the ice fields ‘that are being pressed
‘ forward bywthe wind.u ;n such cases the epeed -of- the drift may attain :
one tenth of the speed of - the wind, and - sometimes more. Precisely‘; .
- such conditions are created under northern and western w‘nds in :>‘
that region of the central Arctlc whlch lies next to the Greenland
;Sea, and in the Greenland Sea itself.» o A
: . . age 20’4
Passing to the lower: latitudes in its drift from tne North POlS,f“}.
‘gouth past’ 810" Ng,'the-Papanin floewenteredfthe creeniana;seg,snsii’“f:’
- then hegéngto}moveJthreuéhithe.bbard3ehallowsbthet.o#erly-thegconti;"fh,

P 2
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ucape,,Farewell,,and-thencsweeplngfno

’constitutes one . of the,mtst remarkab1

:f.land seas ‘more than: lOO 000 cubic km. of warm Atlantic Waters., fﬁ‘?g “

'current.

'54';nenta1 shelf along the east ¥ Here 1t found itself in the famousji‘;gage 204

contd.
Greenland current of lce-filled waters that -move. south arong ‘thé

easteln Coaet pf Green]and.= This current isﬂthoughtlof”as.beginning&i

at the island‘s northeastern caps and extending"to its southermoat

: west along the western coaet

- of Groenland up 1nto Baffin. ano. ThlB uninterrupted 1ce current,

mowing continuousiy though with ch ngin" peed summer and winter,

e:phenomena of nature e no

$.

*leee remaxknble .than . the Gulf’Stream_although less- well known.. RS

NI o gage 20)

The origin of ‘the Gxeenlend current, or. the Faet Greenland cur

" rent,-may. be conerdered to be- nach year there enter the Arctrc

e

Ocean about 5000 cublc km of” river waters. Besrde th*s, each year B
thére pour 1nto the Arc*ic basgin through fhe Berlng Straib about 30 OOO

Cublc km. of Pacific Ocean'” watere, and from the- NOrwegjan and Green-‘“”'

' small portlon of these (inflewing) waters find egreas to Baffin Bay

through: the. numerous but - ahoal - (and narrOW) straits of the. American e

archlpelago, but the main mase of (outflowing; water en*ere the

' “Greenland sea th'eugh Bapanin Stxait, creating the Fadt Greenland

. ' - o
F N R A CHE A Y

>'”: If we 4cok at maps on which the d‘rectrons of the predmminant

',:winds are indicated for the. months of January and Juls (big. 36) .
.and the chart of constent currents in the North Eurepean seav(Frg.,,q ;A

. 37), and compare these with 1eo‘ber maps for uhe summer and wrnter -

L

¢

- *  No ship has ever- been in the- Greenlnnd current horth of 78° N.
.~ Lat., so all observuticns made:by ‘the etaticnm "North.Pole" An this.-
_region are of special 1nterest.

4;82:¥f"',"



o

 seasons, " represented 1in Plgures 33-and 3k} we will'see”that the b P page 205
© contd.

i‘Greenland Current being basically a drainage current is at “the -

\ same limﬁ"a drifting current, conditioned by‘the:predeminant=winds;

> Tagt Gréenland Curk: ifting currents, 1s

'ﬁj?icientlyfstrong so that it no _¢AfrfééT6&t*8rithéupblar~’*

eea the“entire.foiume of'rirer waters that have'comeginto'the Arcticlf‘ ‘

'basin, but it also forces At]antic waters, in compensation, to flow

Ep into the Arcticibasin:

The eastern border of the Greenland current has an almost immov-“
lable pcsitionvthroughout-the Wholeryear. “Itfapproximately'coincides"
with the eastern borders- of the continental shelf  that flanks Green-

land.vJThus,athe=ice-ladenxcurrent'roughly corresponds ‘to the éhalioh’“
'belt of, water;:. B
The:-1ce . of the -Gréenland - current is- divided 1nto threé parallel

currents; Theafirse;‘or mcst:wesuern, is*closer to Greenland, and” .
) : page 206

_carries ice which had been’Pormed in the numerous fdcrds and carried

out from them together with the Jcebergs which fill these fJords. L

The’ central stream consists of pack ice, carried out 1nto the Greent\l

lend Sea from the central Arctic basin. Finally, the most easterly

stream con91sts of 1ce that has been cerried out into the Greenland
N

. Sea fram the regnons of Spitsbergen, Fianz Josef Land, Northern Land.
There is in it algo the ice formed in the Greenland Sea itself.
The speed of the Greenland curxent is not uniform. At 80o N.>'

lats it is about 5 to %, b Xm. & day.' This speed increases gradtally .

“.
Ly

southward and dn: the‘Denmarr Strait (between Greenland and” Iceland)

ARt

it reaches 20 tofBO km 'a day.i Neither is the speed of’the three

,4,. W ~

parallel streams (comp051te parts of the general Greenland current)

-iBj-Qﬁ:



' ""A'It was in this stream that the station "North. Pole" drifted. - . .7

"Jg?hoo km., at the 70th Darallel it decreases to 200 km._ :;»L; s

ﬁtfthe same ., Apparently the central stream has the greatest speed.yz: page 206

oontd.-

Thetdifference-in speed,of-the various-segmenus of'the-currentﬁﬁt
had been known, but 1t is. specially clearly shown by. the drift of

. the station "North Polel. Actua_ly while the floe Wes. drifting in

!
the Arctic basin, its position in relation to the meridian remained e

-almost,the same. Thus the impression was created that the floe,: in_i

4 spite of all'the-curvesfin its‘ta :'ge, was taking @art&inﬁa,general

v

movement of the wide area of pack.iihzg~ o

After the floe eniered the G nland Sea it began Lo spin o

“its axis frequently, now in one direction, now in- another, which waij

undoubtedly caused by friction of- its'margins, due-. to the unequal rémgj

"‘speed of separate floes. Together with the increase of speed. of . the{;r&
;'current a8 it mcved south, the width .of" the Greenland current nat/
A'urally decreases. At 800 N the width of* the moving ice belt reaches*

Frequent attempts have been made to calculate the quantity of

o

ice flow1ng south through the strait between Greenland and Spitsbergen,

but to the present no accurate results have been obtained due to e

e

the lack of sufficient data. First the mean thickness of the ice et

' is not known, second the speed of movement at different times of L
" page 207
the year has not beeu SUffiClenth studied third, it is not known

S AL

SRR

. what percentage oi the gea is occupied with ice and how the ice is ,‘

distributed in zelation to the time of year.

RV

' Calculations made by the German oceanographer Krummel gave a o

‘ 12,700 cubic kilometer of ice a, year, which ccnstitutes approximately

R

fone third of the entire pack ice filling the central Arctic basin o

-iahrfﬂ,



.ﬂfjif We assume- that 7/8 of . AtTie covered by ice ‘of ‘a: 5-meter mean ~'page'207
R _ ' L - r © contd.
'thickness. ;..'a_""iff‘fA'*”" ”}.f~' ',i s meh:?:,riqiskil-‘. o

“of 1ce*carried is e‘en less: han that

The calculations ‘of V. Y. .Weige: give 8 OOO cubic km Accord-

ing to very cautious calcula";:l : esent author the quantity

Hé‘Gonéidérs3thatﬁthé3Green- w

' land current due to favorable winds,fis very uniform, and that its

speed s from 8 to 12 km 2 day, with a width of about 200 km. hen

we. find that this cvrrent carries out each year from the Arctic ‘Ocean -

Afup to l million square kilometers of sea ice, i e.‘from 13% to 20%

' of the entire area. of 4dce in the central part: of the ‘Arctic basin.

' lion tons-(metric)fof‘sea ice. In order to-thaw. this 1ce it would

To be cautious, 1ot us assume’ that the tnickness of the ice:
carried out by the GreenJand current aferages 3 m., then the annual

quantity of ice will equal 3 thousend cubdc km., or about 5 mil-

»be necessary ‘to discharge more than 2007x * 10122 gram calories of heat

.“'r(avgram-calorie heats by 1° more “than 5000 cuoic oL of air, ) Thus,

° v

‘in the winter time the- cold air masses cause a foxmation of ice dur-
”ing which’heat.of thawing is released, raising "the temperaturezoflv

" these air messes: - -

\

Part'of théff&e7formed ichapriedfout intO‘moreﬂSOuﬁherly

.latitudes, and as a” result the climate of the Arctic basin is soft-

enedo Thus, the Atlantic and Paleic Ocean waters, and the river

n'waters, constartly brwng warmthfinto’tne'Arctic"basin,#while the l.

'Greenlaﬁ&’ice stream as constantly carries cold out of- the basin.

'~\

The quantity of warmth entering the- Arctic basin, s well es the '

'kquantity of cold leav:ng it does not remain unchangeable, but 1s '

_subJect‘to;considerable_change frcm year to year. These changes~

~1854 f



- .. effect;, in.a very.essential manner, the conditions of weather on .. page 207
R o - . ' T contd.
the western borders of the seas of the Soviet Arctic. s
“Observatione~of“the'station~"North Pole" are valuable Jbecause, -

.’being a: vital addition to- the obeervations made before by the .

t; y for the first time en-

Y‘J
5

Soviet explorere in the- Greenland Sea,

able us’ to calculate the quantity of ice carried -out from the cen— 5‘.«

tral Arctic basin and- to follow them up’further to learn their

fate. At ‘the same time the results offthe Papanin observatione

raised new and important pro leme. Doee' he great speed of the

4

Papanin drift represent a phen:ﬁA‘” ch is usual for. the Green-a

land current or is it merely connectedeith epecial climatic condi— page 208

tions of the w1nter 1937 38, and to what degree is it connected
Wlth the general warming up of. the :Arctic, obeerVed 51nce 1920?
From the history of exploration of the Arctic many instancee
of driftnof:veesele in the Greenland ice are known‘ nFor«inetance,wﬁ'?
that 1s what happened with the Soviet. vessel Murman during: the opere-éy
tion of relieving the station- "North Pole As~we know,-the«Murman-waey
beset by ice south of Jan Mayen -and then carried with the pack out
through Denmark strait into the region eouth of Iceland, where it
was freed.. . 3;::.'fg L "7'4w,gitﬁgiw;;;£j
'The"most‘reyarkahleidrifts oﬁ.veeeels-in_theugreenlandhdoefWQre?gf'
the fbiiowing;:-”' | .

T L

* , Ae already pointed out thie diecuesion is; dated for Soviet
scientiets, like others who temporarily held those views of climatic
change, have since- concluded ‘that only & short. cycle-was involved

(Note by Stefaneeon) . - :

-l&éaﬂf



In June 1777 several vessels of the Holland whaling fleet were page 208

beset et 76° N. and were carrled with the dce, south through Denmark

A Strait at a rate of 18 to 20 km. a day. The,Hansa,‘sailingtyessel;._i

-

of ‘the Second Germsn-Arcticfex*”' ' ”ﬁeredithe icéfoé Septem- -

' 'ber 11; 1869, ‘at 750 ~25' N ity end’ 189 *39?#w.» ;mng:.,. 7-'0,lsn..

irom the eastern shoree of Greenland and was carried in a south«

l
‘ern direction.: On October 22, 1869, the Hansa, was crushed by the o
‘ice at (00 52‘ N.‘Lat.'and 21° W. Long. (1. e., at e point somewhat

more northerly and westerly than the place where the winterers of

. che statien "North Pole" were on February ]9, 1938 when taken off

.....

by the 1cebreakere Murman and Tsimy? The hull.of the Hansa dr1ft»~;f.

'

ed on with the ice along the eaetern coast of Greenland and finally,

after 200 days, found herself at 61°. 21' N..and h2° W.l%The crer:
b'then transferred to three boats and in ‘them reached. the coast of
.‘ Greenland. ;Altogether‘QOOO»km. were covered'in the drift s The~: Qgﬁﬁ
coinc1dence of the place .0f relieving of the statlon "North Pole"~ s
and. the place of the beginning of the drift of the. Hansa enables
us to calculate:the_ice movement fronvthe:yery pole:to theueoythht“:%j;
western coast of Greenland. . | : |

lt was known that floes irom the central part of the Arctic,
which enter the Greenland Sea, are comparatively large.,‘But numer-.SJ;}

. ous observations of commercial and’ scientific vessels were to the

Ci e e et e s e en se moanee

effect that 1n the region between Jan. 'ayen and Iceland only rel- B

3at1vely small fragment ,of the heavyr‘rctdc floes and fields are }..,1_

encountered, measuring usually 50 to ho meters acroes. These little

N -
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:*:f”Chlps from the heavv 1ce ‘Fiolds. are called "storis" by the Danish*‘a page 209

and the Norwegions, meaning literally "big ice". Therefore, in
“the Greenland Sea between Northeast Foreland and ’an Mayen there s

‘must have occurred a breaking up of" the large ice flelds of the B

'Arctlc. It was not kriown ﬂust h ﬁ<this breaking.up takes place.f"“‘ﬁ
Already durlng the Chelyuskin expedition 1t had been noted O

i khat, SqmetimBS, especially during hummncking of ice fi“”'

seemed t° be running over the ice waves under the action “of - whichdf’?V"

the ice fields began to rock >\lufm%‘ | :
d HY; These conditions were well known to’ Shirshov and Krenkel (of.;n;[:’
Vthe Papanin expedition) wlic” had been members of: the Chelyuskin ex-§$

pedition. For that ‘reason Fedorov (of the Papanin party) ooservedi?3"f

with special attention during the drift ‘the behavior of the bubblef"’ﬁ'”

h

in the level of the‘theodolite, established on the floe, in Order N,

to determine\these fluctuations. ri’w_» g

h The drift of | the station4"North Pole a8 ve have"seefi ’.vf~€rff%;: :
Eirst proceeded in general extremely malmlyu The - winterers sonetimes e
dlscovered cracks in their floe, ‘which" had been,produced through
change of temperature, but breakage or: eherp Jolts were not observed
_;dtill the end of Januarv. Even the turns of the lce field around

. the vertical axis were comparatively emall, specially at thtfbegin-

.~ 1ng of, the' drift ¢*5'gi¥u «;.:.;“,gﬁf B

* =.\The meaning is that when pressure ridges are being formed in B
one “or more places on a large ice fleld then there is a sort of’ wave
motion in the parts of the field where no hummocks are” actually -~ Fon
‘being formed. . The accounts" of the third Stefansson expedition re-

. fer to this-as & quivering ofthe ice-- nsually not perceptlble to

the humen senses but so pronounced nevertheless that sextant observa-
tions could not be taken because of waves produced in the mercury
horizon. (Note by Stefansson) : »
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The first: strong: Jolt’ 'wa’é "noted ‘ oﬁ;‘aaﬁuaf;; *éo:‘--’ ‘the -first“ fIuc< page 209
contd.

’

tuatlons in the«level of - the theodollte "ere found only on the 2lst

-of- January, 1958 when the floe had reached the Greenland Sea, approx->f

‘vnnected with the storm-“

1mately at 779N, Lat o - dou“w
:.iness;oﬁwtheywhole“Of:Jannary:1. nd Sea.. - Wlnd velocity
frequentlyfreachedfjovm:{per second.: Because ‘of that force of the -
wind, and>because the eastern part of the Greenland Sea 1s always.:54_v
free ofalce, the floes began moving in response; ol

| ; On January 26 the six—day storm began, and the floe began to o

' experaence greater rocking. The perlod of the rocking was lO to 12

"7 seoonds (approximately the same as observed With sea waves in a storm),

' the incllnation of the 1ce field reached 60 seconds of arc;’and more. d

As a result of this rocklng, tens1on was’ caused in thelice. Finally
on February lst the ice field broke along lines approximately per- T
§ pendicularntO*the direction oi'the wind. There is no deubt that the
cause of the rooking, and- the: breaking of the 1ce, was & great srell
that was caused by the storm W1nds in the nearest ice-free regionv

’

of the Greenland Sea, which swell, according to general lew, vae

dispersed in all dlrections.’ ' » .
After the breakage of the ice field the winters of the %Qtd w; ipage;QlQ .

statlon "North Pole" found themselves on a floe measuring 50 by V

50 meters, separated from ‘other floee by cracks of 1 to 5 meters

" in W1dth" When the. wind - subslded, the floes: began to get closer

to each other and.: freeze together, by ‘the l9th of February the dis-'-*

tance from the statlon to the edge of the new: field on which it was

located was a]ready aboutne km But the new field formed from the



jebroken parts of" the old ice fields, wag naturally not a8:; strong as._ page‘zlo
x&the old one- had been, of course, even weak winds could Lave broken
i;.it up. later on. .. ,j;'»f ffc :,;rsg; e ,_ -
, During ts. drift the station "North Pole" dropped south in aﬁi =
latitude 1, 120, gea miles., The passage was accomplished under the 42'
‘influence of a constant current and of local w1nds., If We: take into

N _ |-
account . the observations of P. Py Shlrshov and E. K. Fedorov, made

North Pole", of the direc—

then we- shall see that about

_-600. miles of the general extent 0 the.drift is accounted for by the

tion and speed of the constant currents,

:favorable currents and onl; 520 m 's»are chargeable to the favorablef"'

winds.- Moreover, the theoretical drift of the Sedov is. shorter than

the actual one by 550" miles - precisely because, when sketching

»(forecasting) 1t, e took into account only. the. local windsm =W»“t:ﬁa‘
!

-9

tonsidering the observations ‘and calculations of. P. P.rShirshov"'~’
and h,~hi,Fedorov, we4undertook to‘calculate'therdrift,offtheostaezv“~hh
tion "North Pole"fas-conditioned-on"theuone-handlbyfthe distributionrﬁu:
of atmospheric pressure and on the other by the permanent current ;
Comparing the actual location of the station "North Pole" on- Feb- w‘;iifs
rvary 1, 1938, with the theoretical, caloulated with the present
author's formula, taking 1ntc account the. permanent current,(we find
that the true location of. the ‘ice: floe differed from the theoretical
by,only 50,miles,xi.ae.;gdiverging only,S%afrom'the~lengthaofxtheggya

o - ‘
drift along the meridian, Such coincidence'must'bewattributedfin SOV I

|

- part, to the accuracy of ‘the. data upon which the: calculations were~ G
based,w;Softhis coincidence;emphasizes:once;moreutheramazing;pccua~v;

racy of observations on the’?art'ofvthe Sedovites_and'Pabaninites,

~1904; -
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In the Central weauher Bureau daily maps are constructed indi-t page 210

:t?cating the distribution of atmospheric pressure over- the Arctickftt.‘199ntd.
ba81n, andlon them isobars are traced. From these maps it ig~ not \
difficult to take the. dire€ ‘ :'ﬁﬁ,and»the'distance‘{'Tu;
between them at any point on th“‘ Uy ace. Fram this may be
computed according to formulas obtained as a result of the analysis
of the drift of ‘the Sedov, the speed and direction o:t‘ ice movement "
.inﬁany region of ‘the Arctic Sea., __' ,AQ o R e 211

In fig. 38 we have a. map of mean- monthly atmospheric pressuresj;fza
‘over the Arctic baSin for January, 1959 In the same illustration v
the actual drift of the Sedov for the eame month is indicated with o,
r.a double arrow, As we. see, it coincides with the isobar. | \
' | The drift of ice 1n various regions of the Arctic basin during
.Januaryy 1959 is indicated simultaneously in the same figure.. The~
Ai“direct;ons of the arrows indicate the direction of the ice drift
and the length of arrOWs indicates the speed of the drift From=ex-A
.amination of this illustration 1t becomes apparent that the ice of the
central Arctic«basin moves not at aJl as one whole, but with varied L
'speed and in.various«directions.l There are zones of rapid movement

“ﬁfand of relative calm. At the poinu where tne arrows meet a compression

of 1ce, with breakages, takes place, and where the arrows part the ice
- \~.. .
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vp

- becomes less dense and patohes ‘of open’ water form between the sepa-. paée 211
' : contd.

S

rated ice’ fields.
Obviously, whenever the movement of ‘the polar ice 18 away from

the Soviet Arctic coast we may expect favorable ice navigation condi- -

tions in the waters of the Norther Sea R ”te,

Whenever the polar ice moves Away from our shores, there is ’i;'

M

also an- 1ncreased off-shore movement of loc“l ice, which had form- B

_ed in our border seas, Re01procally, with the approach of the polar j.

ice towards-our coast the outflow of local ice ceases. It also 14ﬁ*

happens that ice from the central basin is carried into the border

vt [

seas. Then, of course, salling cor

; B

worse,. along the NOrthern Sea Route.,f‘r?A7

As

From this we can see how 1mportant are the néw rulesvfor inprove; o
.ment Of 109 Prediction, which elucidats the dlstribntion of ice oni eh
separate Parts of the Northern Sea ‘Route during the course’of nav- 7”iﬁ;’
igation. These Predictions are based on the observations of the ;?~;~ﬁ?
"meteorological stations ‘and” on the ice exploratlon which has been ;;:?;n

. carrled out" during Arctic nav1gation by airplanes and shlps. AOb-. i;‘c‘;i'
servations made by the meteorologlcal statlons cover only the coastal

_ N page 212 .
portions of the seas, observations by plane and ship cannot be constsnt

nor%do.they“taks'lnﬂalﬂ reg10ns;:=Soxthore must beudependencexupon a>

constant scrutiny of the_movementsvoiitheiiCe'fields‘in“the

———

#  Illustration 38 would seem 1mportant for study . (Note by
Stefansson) : . o
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.,Mwlight of weather charts made every day with the aid of the dis- .r:ﬁ:peée_glg

» L, ~contd.
covered method. o . ) ‘ T
iﬁ;thie poseioiiifyiiiee ooe'of{tﬁe»greeoest pr@é%icéiffééﬁiéé”
of the_Sedov’ arift. Thisac e .;;;_dé possible bytheex(;e]_-
lent work of the remarkeble; iet:pbiariworkere; e
apec1ally the magnificent work -of the crew. of the 1cebreaker Sedov.
we have many famoue names among eai)or-explorers, of whom we
arerJustly proud. To thie list are now to be added the names of
the Sedov1tes. They were not ;nly able, under very difficult condi- ‘
tions, to keep safe their ship, a member of the Soviet 1cebreaker ,
b o page 213

- fleet, but were aleo able to conduct e series of most valuable 6b-’
servations 1n the Arctic reglons, Where before them not & single ship o
e passed nor 2. eingle airplane, Thue they have “shed muoh light

on the probleme of the Soviet explorers, wh ch problems Were set FER
for them by the XVIII Congress of the Party and persona1ly by

Comrade Stalin': to trensform the Northern Sea Route into a nor-’*“}“””"
melly f“nctimine sea magietral (main line) o

P
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Fig. 28. " Mep of 1oe drifts and
- ocurrents of the Arctic Ocean.
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of sufface

rady 4

Fig. 29. Relation between
the action of the wind and
the drift of the station
"North Pole" from 3rd.
through the 8th. of August,
1937 (according to Shirshov),
The speed of the wind is not

_ indicated in the illustration.



01

i
e
)

————
-

Matwmal setpe’

“|"sedov" drift
1Direction of wi
Seo

1938 to%Feb. 1, 1939

.....
~~o

) L 2000 nm

R S
9 K & W dam
acwmef 'cpcnc'a

‘Fig. 30. The scheme of the drift of the Sedov and
the direction of the wind from September 1 1, 19%,
through February 1[ 1939. ‘
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Fig. 31. A chart of distributionvof,pressure in
the frctic for the first ten days of December, 1938
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Fig. 33. Chart of the distribution of moan stmos-
pheric pressure, in millibars, during winter in
the Arctic. The arrows show the basic movement
of the ice

Fig. 3L4. Chert of distribution of the mean atmos-

pheric pressure, in millibars, in the Arctic

.during summer. The arrows indicate the basic
‘movement of ice. T
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Jan. & Feb, .

S I ]

July « Aug.
% 60 - F5) I

Fir. 3o, oistribution of wihds,
sccordiry to their force and.
directicn, over tie northern’
pert of the itlantic Jcean and
the North furopean (Greenlend)
Sea in January and Februery.
The thickness of tlie arrows cor-
raospords . to verious speeds of
wind; 1 - less than third de-

-gree; 2 - from third te fifth

degree; 3 = from fifth to sixth
degree; L - higher than sixth.
degrees*, . o
*These cegrees, or (races, may
refer to the Beaufort Gcale of
winds. (Note by Stefansson)

Fig 37. . Scheme of cur-

rents on the surface of.
the Greenland Ses,
(Nansen)
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Fig. 38. A map showing the average monthly

stmospheric pressure over the Arctic basin
in January 1939. o

The arrows indicate the drift of the ice;

double srrow - the actural drift of the Sedov.
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- | ATR EXPEDITION TO HIGH LATITUDES OF THE
, . ARCTIC IN 19kl

by D. B. KARELIN:

Izvestia Vsesoyuznovo Geograficheskovo Obschestva,
© No. 3, Voli 77, 1945, P. 164 Tr.

Translated At The Stefansson Librery

7

-203-



and.7/(-7620 .‘

FOREWORD

The following article is especially important in that 1t indicates

the type of flylng and landing conditions (w1th respect to operation of

"a moderately heavy plane) whlch may be encountered near - that central area,

"whlch is the most inaccessible part of the Arctic Sea. This area is well

‘T’descrlbed by words and map in Stefansson s'"The Friendly Arctic ’ P 8-9

-204-
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An air expeditlon headed by the flyer Cherevichy was organized by

the Glaveevmorput in l9hl for a: survey of the unexplored area.. The fol- -

lowzng 501entists of the Arctic Instltute took part 1n 1t-; Mydrologist

Y. S leln, in charge, magnetlclan-aetronomer M.. E. Ostrekln, and hydro-,

’

loglst-actinometrlst N. T. Chernigovskl,v The plan of the expedltion was

worked out by the Arctlc lnstltube in conjunction with the Admlnlstration"

Qf Polar Aviation. The scient'“k repared by the Arctlc:

and Astronamlcal InStitutes,F”

a- cons;:ted off5O different pleces‘of

apparatus welghlng & total of 460 kg. The expeditional and otherjAQulp-

ment and food supplles welghed l 280 kg. The flying weight of the plane ﬁf

" totaled zh 5 (metric) tons. By order of the Glavsevmorput, An- addltion

to spec1al tasks, the expeditlon was to do hlgh latitude 1ce scouting. ,¢3Q

r”he fl ght stages were. h;
‘:.March 5, l9hl Flight from Moscow to Axchangel

“fMarch 6 :

Fllght from Archangel Lo the Kara Sea coast._d?ﬂ
j'Narch 7 . .ossdng of the southwestern part of Kara See and land-
1ng on Cape Zhelanya, Novaya Zemlye.;e;y,i;‘;' >‘ |  V> |

: March 9 Fllght from Cape Zhelanya to Franz Josef'dand Beyond

: the narrow strlp of landfast dee

’;rderlng on NOVaya Zemlya, there lay

S a lOO-mlle area ofrrather scacteredé 'There was clear water and

”scattered ice 1n the v101n1ty of. Ru ol QIeland (most northerly of the S

Franz Joeef Group)

.Merch.lk The plane crossed from Rudolf Island to Cape Molotov,

;2@5;i1‘

quivalent of,




northernmost,ektfemity of Severnaya Zemlya., Part of the sea was packed
with last year's ice; part of it was co&ered with young ice, which had
not vet formed so as to close all leads. The ice conditions “turhed

out to be varied, There was ﬁo polar vack, characteristic of high

latitudes of the Arctic, which was evidence that local ice was being

driven northward out of the Kera Sea., Were the drift in the opposite

direction; from north to south, the éxpedition-would have encountered
old ice, : ., _ | s

Upon reaching Qape ﬁolotov, the piane hedded southward élong the
eastern.shorgs of Severnaya Zemlya. No winter observations had ever
been made befors in this region. The limits of the extension of land-
fast ice were determined for thé first time} the average number of ice-
bergs forming from local glaclers was also determined. The greatast
number Qf icebergs was fouﬁd in thé Strait of the Red Army, where there
wWere ﬁp to 80 in an area a mile sqdare. syond the landfast ice was &

wide lead, apparently of recent formation, as no young ice had as yet

formed over it.

Lending on Cape Chelyuskin proved very difficult éwing to the rough
surface of the airfield, which was covered with large, hard snow =~ strugi.
A téke—off with full lcad therefore seemed dangerous, So, on March 17,
the plane took off with a pert load of fuel,.landing in Kozhewvnikova Bay,
wherafit filled up to capecity and took off for Kotelny Island on March
18, |

In the courss of this hop, icébergs ﬁére encountered around meri-
dians 114,°-116°, i.e., 100-130 miles east of Severnaya Zemlya. These
icebergs may, to a certain extent, yield informetion as to currents and

ice drift in the western part of Laptev Sea.

-goé_
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Numerous and W1de leedszwere seen around meridian 132° ‘Tﬁeir“~~ c

. Llocation coincided withf he: borderline between the continental shelf and

_oceanic depths, which goes to confirm theitheory that ice is sparSer over

J

: (:""';:‘,' AR

,:the continental shelf than over the deep sea.:'gﬁl ﬁef"
Or March 20th the plane covered the 1ongest stretch from Ketean

Islana to Wrangel Island, ,500 km.; Its course lay partly across a pre-"

_w1ously unexplored area.i A strong head~w1nd lowered the speed to 159

km. per hour.i A great amount of pack ice vas seen between latitudes 76°

303 (60 OO' end meridians l6h° 50' - lo60 OO'u On parallel (50 30'

between meridians 16h° 50'_end 166o there was observed a: curious stripzf?'

of 1ce broken into small floes,lin.ple;es)there was even finelv crushedrf”»;"

“1ce, consplcuous amongst the large fields that are typicei of thls area?ﬁ'% -

Small 1cebergs were also. seen._c_gv r;;:fx_fﬁiiwii‘fgg,éugsy'ffiwéf ST
The results of these observations may be far more significant thanﬁifj“"'ﬁ

seems at first sight Sma]l floes and crushed ice could have formed 1ni;?F'3

the event that land or a shoal was forming ‘an - obstac e across the path~?f?}.

of driftlng 1ce fields. Only as a result of the pressure of the fields*Qg'€f7

'againut such an obstacie ‘could’ the 1ce have been broken up . and’ crushed V.&f Lo

- over so wide an area. More significant stili 1s the presence of- icebergs,

N )

: which meens that glaciers heve slid down from some neighboring land:

| Judglng by predominating winds and currents, ‘the icebergs cou]d have

come dflfting from southeastward,;..e., from the area “of. the white i
SPOt" around l&titude 7#0 This may lead to the: re-emergence of the:

theory of "Andreev I Land", whlch appeered quut 200 yearsrago (1763~4)

.and vas discarded 1n recent times after numerous flights into the region.;'ft

1n v1ew of this recent discovery of crushed 1cetand icebergs, 1t

is necessery to explore the "white“spot" before definitely QlSC&PdiD&

Cceor-



the existence of Andreev's Land. It can'be argued thet what may have
been mistaken for icebergs by the obéervers were iceberg-~like formations
of"paleoprystic ice, Qld shoal ice (stamukhi),or floebergs. Bub, even
in such case, ﬁne‘should infer the presence in this area of an gxtensive
shoal hampering the free movement of ice; -

On the return flight, by order of‘the~Arctic Institube, the
course of ¥-169 lay across the "white spot“} but poor visibility pre-
vented extensive observations. In 1940, Cherevichny had also.been
gampercd in his observation§ by fog when fiyiné over the same "white
spot™. |

After 1andiﬁg in Rodgers Bay, Virangel Island, the Chere&&chny

expedition was held up by a ssvere snow storm ls sting 10 days. They'

v
I

finally toolk off on April %, and after a flight.of 6h, 55m.'£hey iandéd
on & drifting ice floe in Latitude 81° ol N.k and Longitude 178° 20! E.,
after ponetrating 800 km. decp inté the uneiplored aréa. Paék-ioe was
first encountered near latituds 750 5SS, and the border of predominating
pack—ioe around Lstitude 750 éO' N. Largs leads extended>throughout the
ice'fields‘which were up to 10 km, wide aﬂd‘h5 ki, léng. The;é were
covéredwwith thin yoﬁngiiée. ) .

Tﬁ@vvé;y first obéervations yielded unexpected rasuits;>the ice
floc was only 196 cm. ﬁhick.' This meant that fhe ice ﬁas no older then
l—l/é te 2 years, and that this floe vas not ye£ actﬁally old ?ack~icé.
(1t m;y be m@ntioned for compafison thgt, in Rodgérs Bay, ice ofiautumﬁ

(by spring) 165 cm. thick.) This, in turn, refutes th.

formation
theory advanced by & number of scientists, thet in the region of <the

Pole of Inaccessibility, ice trkes part in an enclosed circular move-

ment, remaining in high latitudes for e long period of time (many years),




P
therexore accuiring coneiderable thicknees and changing into paleocrystic,‘
1ce.t According'to the obsarvations of the expedition, the fact 15 that
the 1ce is being rapidly carried out ef the region, and apparently takes';
‘part in the general drift out of the polar baein 1nto the Atlantic. 4
,This 1s aISO evidenced by the exten81ve leads, encountered almoeL every- N
where By the expedition. - ;:i;t,faz;if?; j;r-?, ':,;' %I;;,fm |
o The expedltion meagured & depth of .2, 61+7 m.‘ 1';;5@,-‘ %meg the’ ?'floe:e
jhad drifted 25 miles northward, they got 2 h27 m. Greater depths had
Tbeen expected here, for Wilkins, sounding )60 km. to eoutheaetward, had;}%

83

”obtained &a depth of 5,hh0 m. (in 1927) . The observations of the N- 169 o

expedition lead us to doubt the Wllk,' s

.for refuting them.,%

. :‘41 "'.‘:"v S o _»

Upon comparing all depths registered by the N~169 expedition, the e

conclu81on may be reached that the sea bottom 1nclines o southeaetward .

,»-..

u«?abeat l/ltO Taking thie angle ae a baSIS, it may be presumed that at
,dOO . f, I

”mﬁthe ponnt of the Wilkine airplane landing the depthe were about h

vt}thie angle'ie allowed to increaee tO 1/20: a Wilkins depth Of 5 uuo m'~“;¥”

vﬁis probable enough V'lt may be observed that such an allowance 1e withinw,f

_ ;the limite of a grade usual for the ocean bottom. The obeervations of
: . (. Y' i

'the 1oe-breaker oedov, which drifted 1n the Polar Ba81n, ehowed a. number "

RN

* The v1ew expreseed by Stefensson hae been that 1f there is: the ; _
\dlECUSSGd eddy then. it will lie between ‘thé Point Barrow meridian an the’

Banks-Borden Line. of island coasts (uherefore perhaps near 76 or' 78" N.,. .
- 135°- - or lho W, ), ‘not- at the "Pole of Inacce581bility. (Wote by Stefaneson){”

*% } The wilkins-Eielson eounding was- taken by the echo method and 80 .

: presumably was open to error. (Note by Stefaneson) ‘L‘ I

| '.:"-259." o



of sharper chenges of depth, as well as an increase of the angle 2 in-

.

e s : ' 0
clination to as much as 1-1/2° or even 2°.

The plane spent more then L davs on the first floe., During t.is
time hydreological work was done st 2 stations, a round-the-clock station
observing the currents in connection with 2 horizons. Mognetic, gravita-

tional, meteorological and hydrobiological observetions were carried out

and samples of Watér-were collected for chemical snalysis. Observations
of water tempefatufé revealed the presence of & leyer of warm @aters of
(doubtless) Atiantio origin ét a depth of 275-900 m. Thué_was”cénfirmed
the hypothusis.of the extension of these waters over the entire deep
area of the Polar Bésin. ‘The drift of the ice-floe during the L deys

'

may Yo traced by the coordinstes (Table 1).

Table 1 - Location of Icu Floe No. l

1

: Coordi;;;es o h. Depﬂh in iind (Force T¢ .srature
Date . Latii;;ijwquwal;gituda ) meters  in points)  of air
hpr.3 gl oLr ¥, . 17e® 20t w.  28L7 Cssp 3 e
Apr.5 | 81° 17':%. 1799 58! i, o E L L27°4
Apr.6 81° 29 w, 178° 30t . . . 2L27 E 5 -19°
Apri7 - - 81° 370 . 175? 00! E, e L -21°

~210m




e

; On April 7 the plane took off from the floe and, after a flight of .

7h SEm. 1t landed on Wrangel Island, where it unloaded part of 1ts

R

equipment and left Ostrek gChernigovski for the computatlon of

-

collected data.. The plane then took off for the base en Cape Schmidt.:,

A second flight was carried out Aprilf

15th, when the plane returned

: to Wrangel Island to pick up Ostrekin and‘Chernigovski together With |
itheir equipment._ It flew northward for about hours.m Upon nearing,Ju&i;
"the area decided on, the plane spent hO min..hunting for 8 floe suitable
for landing. The coordinates of the landing spot were 78° 26' N and

11760 hO' E. Owing to a quartering head Wlnd and low ceiling, which}ij;'

prevented astronomical obeervat By, ! :7dev1ated:%9unile§‘ffff.&%l

T

from 1ts course, westward. i - L W}'in“i'iﬁi h,‘];; “% ¢£.5;{

The depth

| All scientific observaticns were repeated on Floe "'fln

,was l 850 m. which teeuifies to the considerable extension of" theﬁconfln-,g:’

ental snelf in the region of wrangel Island. A polar bear and 8 white'

*fox were seenpin the vicinity of the floe.: Meteorological»conditions:'mfafh:

‘were very similar to those cn Floe Ne. l.;"Ihe second floe wa‘_iocatedfiufWN'

in the zone of the polar max1mum, which accounted for calm weather, the

consequence being that the drift was very insignificant (SeeiTable ?)aw~n‘

i

Table 2 - Location of Ice Floe' No. 2.‘jg§cfﬂ;x C T

ta
>

, “f'*_““ i Coordinates‘f T t751”fiwind (Force 7i*"‘Temperature —
- Date Latitude» . Longitude”‘g j?¢:1n p01nts) 4‘5- _ of air

| Ap_r;ﬁ.f-a A, .¥;78°26' . .'*-1”7-.“%?176%0' R S

Apr. 15 --'78227' oot 176%0¢ E.; S ONE L 219
Apr. 17 ;'78027' ,""'17 °oo',;E.f;.f;_,-‘f;-v;- ~ ENE 2 -2h°
{
/



1, 020 on; shore)
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 High ;'a;tmos_ph ric.

Aprll 3. the expedition started out on its third fllght When

they reached the desired area the search for a landing spot took 2 houre;j

and the plane landed after 9 hours 1n the air.: The ice was about X 50

m. thlck.k All 801entif1c observations were agaln repeated. Depths werej‘

o 3,h5l3m, The drlft of Floe No. 3 is shown on Table 5

;g'% Table 3 - Location of Ice Floe No. 3¢ f“;yge¢,:;,tf":

Coordinates - o Wind (Force Temperature .

Longitude f{," in p01nts) g. . of air

17o° oo' co N b A ”',‘.5,1-190

‘169 har w.‘:, o ,I\T 4 :7’_-200
s svwe om0 a8
2699 35 w.'Lz)_;,.N 2. ..

Cameme v o wa

~;3F»-2125‘.7




off.

The" plane returned to Wrangel Island on: April 29th. ‘cstrékinfaﬁd

Chernigovski remained there while the plane flew over to Cape Schmidt.

?'1Thus ehded the expeditionfto the Pole of: Inaccessibility. Seven’thou-‘

send kilometers had been covered axid - lb days” had been spent on drifting :

. e .

ice in. the: central Arctic basin, g

“May 2+ the N 169 flew over to Anadyr and’ back Lo Cape Schmidt. May

3 she v1sited Wrangel Island and took off for Kbtelny Island cn May Sth. ;l

‘The celllng was low, there was fog from time to time, and snow. Between

;ree of polar pack, leads

meridians 171° and 1650 E., in the';white 8po!

were encountered on meridian Ak"icebergs were seen.. The

origin of these remains Just as mysterious as that of the icebergs ‘geen ';'

on March 20 north of: the "white spot ": It is hard to belleve»they came

from the De Long Islands, as. in that case they should have drlfted 200

to 500 km. against the wind and current | Y. _; . .
May 6 the N-169 took off and reached latitude (9°, skirted ‘the: shores

of Severnaya Zemlya, crossed Vilkitski Strait tw1ce -and. landed at the

mouth of Taimyrlever.‘ In the Laptev Sea much pack 1ce was encountered

.

teutifylng that ‘there recently had been a drift from north to south
1nstead of the usual: northward drift. This circumstance was significant
for a long«range 1ce prognosis. - o

May 7 the plane landed on Cape Zhelanya, after a.12 minute stop it
took off‘again and reached Matochkln Shar the _same day. ‘

May 8 the. N- 169 was in. Amderma, thus’ beating the record.for speed

along the Northern Sea. Route:.

e



.- In hmderme gkis were changed to yheels., .. On May'9. the N~169 was in .
Archangel, on May 11 back-in Moscow, 8,500 km. had been covered on.- this
part of', the Journey, of which 5,500 km..were over Arctlc seas. _

~In. 68 daye the plane had covered a total of 2& OOO km._of which

s

l9,000rkm@-were overuArcti @ice.; Altogether 22 days had been spent in 31~

flying;: l5 on. drifting floes, 31 days were used up in waitlng for good

‘ weather conditlons, in preparatious and in the prellminary study of

A

observations._pe';,;_vﬁ‘;ﬂ,},gutgjj[fﬂE

© The: unexplored area of .the Arctic sea is now a quarter of a mil-'
1 I .
lion square m, | less than previously. There are numerous other scientif-

.Ic.xesults., - The Arctic Institute s plan of surveying the Arctic by ;

,meenSﬁqua;?flying_leboretory"fhasgproved.feasiple”aqqneuccessful.
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" AIRFIELDS ON ICE

~

In winter, whén‘the"equetoria* freeze, hydroplanes'may’ohangeﬁtheir

water-landing gear to skis,. allowing them to pursue their work using an ice _

] eirfleld a8 their basé. The Pse of an 1ce airfield bringe up -the . question

......

- and take off of hydroplanes.‘ Th's depends on the weight of the plane, on -

the strength of the ice and on the weight yer square cm, of the runnerg. .
The study of the mechanical qua ties of ice has been taken up: but
quite recently in connection with the building of ice crossinge over rivers'

for railroad trains (HTY HK C, Ioe Crossings, Transpechet M. 1929, A. N.

Komaroveki, The Structure and physicel properties of the ice cover of freeh,-

water. State-Energetics publications, M,-L. 1932) As regerds 1ce airfields,‘ '

experiments were.earried out;on the solidity. of iee by the "HUU" of the

Civil Air Fleet., The results were publishedfin apbook by engineer N. N.

;

Kashkin "Invest;getion‘of'the work of ICQ;Airfields when under the load»of

;o

a plane". We. shall borrow his methods'tO'eid_us in our cemputations.

L~
/

) Conditions of Ice~Formation.

The formation of ice is a consequence of the freezlng of water. Fresh

‘water solldifiee (changes into 1ce) at a temperatuxe of QO,; sea water
"freezesiatxlower temperatures. This phenomenon is due to the degree of sal-

| inity'of the vater. It hes been discovered that:

a) The more salty the water, the Jower will the temperature of

free21ng be below O C.; the maximum den51ty of salt water occurs at a temper-

ature below -4°C.;

* "Aquatoria" . < Water areas used as ianding_placeslfor airplanes.
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. b). When ice. forms, not all of the salt is included in the ice;
part of the ealt remains in the water increaeing the density of the-upper

layer of water ‘and thereby provoking i (v nei e convection.

CIn addition, thé swell, whr uentﬁih.wintees;aiao delays

the formation OF; continuoue ice.; 'Appi‘. . 'i'; ﬁiwjiﬁfjé} va:, ’
From the data - supplied in Table I, ehowing’that ‘the' temperature of ‘ | 5

free21ng and ‘oft: maximum density depend on salinity, it is apparent that as

the ealinity of water- increaees, the temperature of maximum aensity approaches

_the. freezing temperature and, when salinity reaches 2k, 7 0/00 these temper-‘

_ aturee coincide...-"

LRt o, Table L. ’,
: Salinityf?,agf.;'gi= .- Temperature 7YX . Tempergture .
i /00, - " 'of freezing . - . of maximm & G T
Y (Parte perrlOOO) cealye o0 L LT ey s densdty. o

. BEREUSERRN o EETICINIRP 0
0 3098
- 0.3 2.9 .
- l.l % 0.3
- 1,352 1.332
- - 1.35 -1
P -6 - 2.5
Sl S35
- 2.2 - k.5 :

Thue, when ealinity is below 2& 7. O/OO, free21ng is similar to that of

fresh water- while the temperature of the water 1e falling, there occur

conVection currents, which ceaee the moment maximum deneity is reached only

J .;- » ,” N

in the upper iayer doee the temperature fall to the freezing, point and ice

c N

forms on the eurface of the Water. When salinity of water lS 2h 7 O/OO or

»

more, convect1on currente continue up to the mament of freezing, coneequently,

down to the very bottom the water coole down to freezing temperature.
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The de

,flewing 1nt

" to theufree

-

-salting of the upper layer of the- sea by waters from the rivers

o the sea, and- the snow, falllng onto ‘the’ sea, both contribute '

aing of seas.fw,, —_

* When water which isiin'the process,of cooling has reached ardefinite

?*temperature

i'produces crvstals of ice,

'is the pure

':‘Water are =)
. ;;frez¢n§$uTh

oriay pene

(depending on the degree of concentration of salt in it), it .

or ice needles, which centain fresh water a8 it

solvent alone that frr zes' whereas tke salts aissolved in the
jected, increa91ng the density of the water which has not yet

crystals of ice are distributed on’ the surface ef the water,

trate to: a certain depth. “H}

“iszhevfurther formation of ice. occurs by means of the freezing together

,ﬁ}of the ice

needles into thin films floating on the surface of the water,,

‘;these may also form patches of a gray-leaden celor which are called salo"

*~-ice GI"D.St C

'fseveral cen

”{fslush (or 1

ard. ice) SRR i

On calm,water, slush (salo) freezes together, forming a translucent

On a s

con31derabl

*

. 5crystalliza

: 7For more in

When t

'vffinto young
R -pasty 1ce ‘c

'w“vIn;lew

alled "nilos".’ This ice crust is hard arid" sharp, and‘breaks

feasily 1n the w;nd

1 .

ea’ rocked by a swell but in the absence of a strong wind and of
o waves, the freezing of slush (salo) occurs simultaneously in
ters, which are 80 to speak foci of further freezing (centers of

tion) This results in the appearance of discs of ice, 50 cms

diameter, which are termed pancake ice.

s ‘4\ . B S

he wind and swell are strong eneugh, the slush (salo) breaks up
1ce (shuga) If snow falls on the cooled water, there forms a

alled "snezhura

. /“,‘;‘ . ,_.;. T I

temperatures, and even in the presence of wind and swell, and

- . "" 'i; .'l
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as a result of crushing and’ continued freezing, "shuga" and’ "snezhura" also

”“f'form pancake ice. Its edges are turned up, they have a fringe of small

‘iground 1ce,“resulting from friction.’j

The further fcrmation~of i{i o (neral rule by way of freezing _
?together and cf thickening of pancake ice, of shuga and of snszhurae There “
"@:then forms "molodik" - young ice-’ it is of a light color, grayish several 1
'gcms thick, and humld witn brine. Smooth dce. forms both at gea and near ' ‘
shores.l In the latter case 1t freezes to the shore in the guise of landfast
;ice ("zabereg"), thereafter, spreading seaward 1t forms stationary level '
1ce, denaminated prlpai» -fast ice.. The thickness ofllevel ice depends-on :
phy51co-geograph1cal and hydro-meteorological conditions in the given area.
Ly After the formation of ‘& continuous ice cover, ‘the further growth of

,

ice occurs from below, by way of yielding heat to the atmosphere through the

N\ \‘

‘I”thickness of the 1ce° In consequence of the low thermal conductivity of ice

(1ts coeff101ent’is 0: 005)' and of the increased salinity of the water (pro
~duced by the salts ejected in the formation of ice) the growth of ice pro |

'ceeds very slewly. Even in polar regions ice: reaches a thickness of no more

ther 2 *< 2.5 mig “(6-1f2 = 8 feet) in the course of W1nter. ‘
. In the’ beginning, whilethe ice i 811l thin, its. presence does not -
.affect~themamount~of heat,_whlch theﬁsee'yields_to the.atmosphere_(given a
- “certain deiemined“' di'fferenc':e ~of! "te‘mp‘e'rature b”e"t’ween "t‘hein.")_i ) eo—'w'evei; :w‘ﬁen
che layer of. ice reaches a thlckness ‘of about 15 cms (6 in.), the situation
changes the amount of heat which, in the given difference of temperature
) »between air ‘and water, might have been yielded by the sea, cannot pass through
"the 1ce, even 1f ‘the - thickness of ice is but slightly above the limit figure
: A T o et ey N S

.mentionede

“uinsi Under “the 6tion Of wind, .swell and currents, level ice 1 broken up,
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. forming fragments which very in size -and cheracter,. . - . i.iev
*i.;;Largevareas_cgﬁfloating ice, whoserlengthzsurnasSesm2'kméﬂfi - 1/4 miles),
are termed ice fields.' In the course of further destruction of ran ice,.field,

there result fragments of 1ce fie;h ,e;tenaingsto 200? -2 OOO ‘ms- (1/8 to

- l - l/h milss) Direct destructiontof stationary ice or. of an ice. field, and

the gradual destruction of fragment of ice flelds results 4n’ the formation

Large broken ice may" also form by way of the freezing together of con-

. L
e ,I

"51derable enough fragments of ice. ,Q.I k,vl s ;‘Q_ _i.,gm§§=§x%

) When mixed w1th slush (snezhura) and .young ice (shuga),vsmall broken

up ice. forms ice kasha (sludge)‘ At.the ice brink.(edge:of;ice)nsludge
(kasna) accumulates An a. layer Wthh may reach several ms.hfi:u¥;iw&5§xi

. The destructicn of level ice by the’ forces of vind, swell and currents
ds not limited to its breaking into small fragments. The‘constantwshocks

and pressure (of floating ice on. stationary ice and cf separate ice frag-

j;f ments on each other) result in the piling up cf accumulatione ‘of various

aspect and character, namely: ropaki"v-iseparate icehfragments;stanamng'-
upright on. the level surface,'"torosy - hummocks, which~arefaccunulations
. of 1ce fragments frozen tcgether, extending in ridges or:in the guise of
seperate massifs,\"stamukhi" - accumuletlons of large fragments considerable
. 1n s1ze and grounded on a shoal or on. land;- ”sikozak",- the -result:of several
raftings of ice floes lying flat -on tcp\of each other. ;Q,#t g;;ui&;ﬁi‘rﬁjﬁ
The elevation above the water surface of the flcating part of the ice ”
is of considerable interest in the -cage of air operaticns. Epr'humchkytice?
~ the aboveswater height as a,generalvrule'correspOnds to 1/3 - 1/h}rrl/5acf"

the_total thichneSs}Qf_iceﬁf,dn;an;average, ?h@wﬁbQVQﬁWﬁtﬁraP&riﬁf°f hummocks
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rige-to 2 - 3 ms (6 1/2 - lO feet), but may also reach a8 height of 10" - 12
;f;ms (5) - 39 feet), and sometimes even more.w' 1,.., Bt

The character of the snow-cover de ends on the amount of fallen snow,
“ Ha .

" on the winds, andon the relief of
Very often, the snow-cover 1s rough and’ uneven, and only in rare cases
@:is it level and smooth. Sometimes there is no snow at all on the surface

of the ice.. Tﬂ";"i o ,/'

-

In regard to oonfiguration, the unevenness of the- snow covering may be

d.LVided into zastrugi" "sugroby" (snow drifts and "nadduvy"'

Zastrugi" (Fig. l) rige above uhe surface of the Bnow blanket in the

1 x;form of mounds, rising in the direction of predominating winds, and sloping
towards the horizon (at an angle of several degrees) On the 1ee side these
'-tamounds have\extending tongues and end in rounded ravznes,A Whenvthe-extend-

‘:;:ing tongues reach & considerable size, they break off. They may be several

A.decimeters in length. Usually the height oﬂ a- "zastruga" does not BUrpass

:O 5 meters (20 in, ) With "zastrugi" On a. field a8 plane should not attempt
g «landlng against the tongues, as’ 1t is dangerous and may end in oapsizing.

'"Sugroby" -8now drifts, are regular and sloping mounds rising above

’,the surface of the snow cover.- Their formation results from the considerable |

;iunevenness of the ioe surfece.‘ Encountering an obstacle, the w1nd driven
4¢snow 1s held up and thickens on the windward 51ze of ice massifs.- On the lee

ﬂside, the psrtiolee of enow*which haVe lost their epeed, accumnlate ‘irmediate-

Ay behing the hummock, forming a heaped up Snow. drift In tims, the uneven

,;parts flll w1th snow both to windward and leeward and the snow drifts ac-
quire a streamlined shape, with slopes varying in height and steepness.

"Nadduvy" are formed in the hollows between upright ice fragments,

o1

~¢
¢
.
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;of the shore.

1}effi01ent of friction between the runner (ski) end the ice surface.

-,fllllng the hollowssand uneven parts with snow. - Inétﬁ%»processrof their:

i
formation nadduvy" nay remain empty, thls depends on\ meteorological con--

ditions and on the character of the ice massif which is being filled with' ‘

BnOW . .) :

e

A smooth surface of the snow covering occurs on level, smooth, young

.....

ice, when no strong wind is blowing during the snowfall The thickness of

-the snow ‘Gov ering may reach 20 to 50 cms (8 to 12 inches) in the vicinlty

. ,_,-‘.. wr
,1.“‘ C.

. Bare surfeces occur: on: level ice as an: exception, and only ontseparate
: ‘_‘.|< e a8

A spots, usually the surface of the 1ce 1s covered with crystels of salts and,

. consequently, by a thin film of brine. The snow is therefore not blown away,

-F

.but covers the ice with & layer of insignificant thickness and intermlxes

o

with the brine. H landing on. 1ce, which 1s covered with crystals of salts,

-

"may:result in the ceps121ng of *he plane owing tc the increase of the co-

.;A

f'On open, level spaces, subjected to the action of predominatlng winds,

PR ENARE 2e VA

,‘the snow blanket is densified, as.though it were: compaoted.. On an inter~

[P

-sected surface (one c“ossed by ridges), 1n the midst ef hummocks, the snow.

‘i pr%tected by the latter and is; therefore not being compressed by the w1nd?

v ?

it reﬁalns fluffy to a certaln extent partlcularly on the lee side of the

sl "F Y i . R h

ice ma581fs.u:-- t;g' oL o a:;fi ;\. “'”i%;; v3r;“*' f~-*-»: e
oy ! Lo ".»,,, T '

River ice forms in rivers and 1n thelr estuaries during the winter sea-

DO R S

:son. In consequence of the rising of water, thinvice nilos" 'may sometlmes '

form on tne surface of the ice - it breaks easily under the skis of a plane.

Sea ice differs in structure from river ice,ﬁmainly by its viscoslty

1 LI VN

g and plasticity.. Crystals of salt and bubbles of air are; contained in it

Von
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The spec1fic graV1ty of eea ice is about 0.9; given g regular geometrical

ehape, the ratio of ‘the- above-water part and the submarine part equale 1: 7

Ice melts and becomes water at the temperature of O°C., provided how-w .

'ever,/thatﬁthe atmosphericapreeeprh

gh:qurejvthé‘freeiin§Apoint:6fyice’falle; Thue, given a pressure of l 000 |

w‘atmoe;;f%he freeiing*point?wduld.drop'toj-7;5 , and t0”422.5 y given a preeé?":

sure of 3 OOO atmoe,.,-

The connection between the change in specific gravity at the time of

melting, and the change of ‘the’ freezing point is conditioned by the fact o

that, 1f a. body expande when freezing, an increaee of preeeure neceeearily

. hampers this expaneion. It is therefore neceseary to cool the body further
in order tc bring the: moleculee closer. together and provide epace for ox-~
paneion. Thie is achieved by a lowering of temperature.‘ o
Sf.. The variation of specific gravity ie dependent on’ preesure, and on pree-
sure too depende ‘the density of ice. When thawing (melting?), Yen. peduges
1ta volume, ‘and” coneequently, increases ita density, on the contrary, when
hardening (fqnming?), it increasee in volame and correepondingly loeee in

«xydeneity. In consequence, ice ie lighter than water and therefore floate on

’*itersurface. ‘At a temperature of h C., the volume of” water equale l at a -
temperature of OQC it equals l 00012' at a temperature of O°C, the volume

~of ice equale l O9082.v The difference is 0. 09070, i.6, above 9%

‘The Ice Cover When Subjected to the Action S

of a Dynamic or Static Load. d_‘

In order to énsure’ the pafe’ uee of an: ice airfield, the latter must

OV

xsatiey the following requirements"fgf*f TR

*:i)w nfThefworking‘eprface of the airfield ehould not be eubjected

SN e aT s -:‘v‘\. BN

o

witmosphere, with a rlelng pree-.if"'

Lo



. to hummocking and neither to the formation of nadduVJ ' _,*Wﬁtdﬁf L

T 2) The Ace cover. must possess sufficient solidity to. stand the

”*};frequent dynamic load of the shock from the skis of the plane when landing,

-lfas well as the static load of the ‘-‘itself when it 1s grounded on. the ice.

The study of . the methods of computatlon is based on: the. following, pre-

Rxane Se g

’.mises ice. is ‘taken . a8 an elastic g

:{suhject_toﬁﬁogkelswlau?in the%event

aof'minor'tension (strain), and po 'sting definite physical and mechanical

e

L and lakes,’ o P L ;;;., TN G e e L - , 11)1_: 3 'f . 2oL

Coanted

' - 5) The reestablishment to =4 certain, but not complete degree, of
)the deflection, after ‘the load has been withdrawn.* ‘;gltf;;ggea n£~ aL
nf;- However, the idea that ioe, being an. elastic bedX;possesses properties
'<'of solidity, is, purely conditionel, and necessitates the: acceptance of.-a-
-;{oonsiderable coefficient -of. reserve. of solidity (factor of safety), and this
?derives from peculiar physical properties which distinguish ice from other

materlals. oy .1 e - e e ,"i"\_‘:"., , rr ot gy

L S AR S FE LN N oo

~These. propertlee are; .o . - Vo wl e Ll T

Q1) - Considerablevvariation of the elasticity ofiice, depending

on its temperature,»[ Y ..,kg_g.§¢,_.“h,~};"

‘ ;;;,',;2)ﬁ;.?he‘p}agtioity7andﬁyisoosity;o£ficeawhigh:alloWyconsidorable
residual defOrmations without its destruction;' ‘ pﬂcf,;;u§iin% e
) The peculiar fact that spring 1ce isscapableiof standing

much lesser loads than winter ice, and computation must therefore ‘bé based

—22&-
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. & more, or less limited area andi

on.a minimum. norm;,d\.; 5;_"3,;,,n;n~"r»_'“..j:nnévx
When determining the forces of tension 1n ice floating on the water,

K

we GOnsider- either a: centralized load-(Fig. 2)y> or &, load distributed on

‘defloction in the sheet of

oo, (F;s. e j,._

o o .“
R PR
N

:f,anthhe weight of the 1ce itself and the weight of the snow covering the

ice are not taken 1nto consideration, because these represent 8 load .regu-
larly distributed over the entire area»of the ice, and resulting in a uniform
immer81on of the entire sheet of ice deeper into the water (following the law
of Archlmedes), without producing any deflection of the ice sheet (Fig. by,

The fall of the load G from the height h; hits the surface of the ice

with force P.: The force of the shock provokes the deflection f. As action

equals counteraction, the force of reaotion of . the ice, R, is equal in magni-

,,,,,

tude to force P and bears a contrary sign (Fig. 5),1,-u>

[P R = rl / r2 -‘-P’~ B K ‘ o

rl being the inertia of the water mass, and rg the force of action of the
,,,,, »s"-'

internal elastic forces of the ice sheet Similarly to force P, forces Ty

and rg increase with deflection from zero to the max1mum.t Thus, in usual

pnditions, part of the force of the shock is assumed by force rl, and -part .

,1_ '

by force r2. -

Iﬂ -the water, in which the ice.floats, were enclosed in a hermetic con-
tainer, no deflection f would occur, in consequence of the incompressibility
of liquids, the pressure of the 1ce would be transmitted through the liquid

to the walls of the hermetic container in the way it occurs in a hydraulic

KRNI

E

press (Fig. 7) v L L S x L ~x v R . Sk

L o.An ns?u;:el..?’%ter besine of .considerable size (rivers, ponds, lakes),

3ﬁé255h

ud
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“let alone ‘seas,. no, tightly enclosed masses of water are ever encountered

(there are openings between the ice and the shoreline, cracks in the ice,

: etc., through which the water may emerge from under the 1ce) Therefore,‘

" The growth of the force, acqui' g by the mass of water under the ioe,

: 'brings about the emergence of a, ""ain force of inertia, which depends on

the mass of water: receiv1ng acceleration, and-pn acceleration'itself; This,

L e e '\ I .
N ERT el L

force of - 1nertia is represented by r'j
The movement of water below the‘ice enables the ice to bend. ﬁpftc&thel
moment when the water spouts up through the openings at the tlme the shock
is delivered, the»ice,works only towards compression and adherence (shear),‘
after.the‘mass-of‘water.has cone intofmotion, the;ice"wofhg‘toward‘deflection,
accompaniea<by3tﬁe‘ebfraspondihg Workfbf’iﬁtefnal?fefbés~6f ei&éﬁiéiéy L
‘herefere, the: more considerable is r2, the less will be the reaction
of - the ice. at the moment of landing, the softer will the plane land, w1th
*'the leaut shock for its construction, but the stronger the tension (tensile;ai
stress) endured by.the 1ce from*deflection at‘the_moment of:landing}g Lo
| ;?wbuldqit'betﬁdssible'ﬁctregulate{thefrelaticn}betweeﬁjrf“andfrgt 357
' | igulatingfisfnossible‘to a cé}taiﬁ-éxtent*ty5méaﬁéﬁdfaif6vi&iﬁg‘bf%ciaeiﬁgf
r o off@apertures”in;the?ice. For example, in order to ‘enslre the possibility‘
- of landing a p]ane on thin 1ce, it 1s necessary to seal up all neighborlng -
f ‘ice-holes’in order to utilize the"inertia:of the water for faCilitating‘the

task of the ice. “On’the other hand; when the ice is thick, it is necessary

2206~



to.ipcrease.the .size of ice holes'inrorder.to.alleviatelthe shockpof the ..
: : Rk .

plane at the moment of landing.

.The height of the column of water eJectedlfrom small apertures in |

the . event of a dynamic load 8

of the water.

-

When a dynamic load is applied to it, the ice undergoes a gradually
"diminishing fluctuating movement

o In, the event of deflection from a shock, not" exceeding the limit of
elastic proportionality, the elastic forces r2, which tend to return the lce
o to its previous position, are proportionate to the deflection or to the dis-
'itance from the stationary center. pt:: _;, S h A"}{f ;f<.=“

The experiments carried on have revealed that the fluctuations ‘of the..

-ice decrease very rapidly from the resistance of water‘and air, the result
“being that the third deflection is almost unnoticeable (Fig. 8)

- As. regards the action on ice of a static load it results in- deflections,
, the magnitude of the deflection increasing in proportion to the load..-A'k""'
ﬂcomparison of the results of deflections from static and dynamic loads has
irevealed that 2. dynamic load which, in magnitude, is three times greater

»that a, stetic one, produces deflections of ice which are considerably smaller
than 1n the case, of a. protracted static load

Therefore, the maximum deflection, and consequently, the“neiimum tension

"(tens1le stress) at. the time of bending, will occur in the event of a static

xr }
load, which should be considered as the least advantageous.

At the moment of landing, and depending on speed, on the work .of shock

absorbers, on the angle of landing and various other factors, the overload

_(or load°) is usually expressed by the weight of the plane multiplied by ‘the

I E N ) B

. dicatpr of ‘the force of inertid

f

<



responding modulus of elasticity E-= 5,000 kg/cm (71, lOO psi)

coefficient of: the overload; whicﬁfeqnals 2-3; and only in exceptional cases

6. Therefore, taking into consideration the elasticity offthetice sheet, -

vhich mitigates the shock; it mey be presimed that ‘deflection from this

-dynamicfloadfnill'595ieés“thaﬁfﬁef;§étiéﬁ“fram'afﬁrotracte&?statio;lbad,

S

even in the event 6f73n"eX¢9Pti°nally.aWkﬁ&?@ landing with an O?éflOadibqiz
efficient réachingPS**:%'f’ o ‘ : , '
ve know that, f°11°W1n8 the 8r0wtn of pressure on- ice: the temperature )
of melting falls, “and therefore a load conCentrated on’ one’ spot will very
rapidly sinik 1n the. lce owing to the later 's melting.' Protracted, con-ifxl B

centrated- 1oads on’ 1ce shbuld therefore not be aJlowed (for. example that of =

the tail crutch of a plane)' ‘ nyway, ats maae of boards should ‘be provided'”

. for the stationing of planes on: snow /“and: dce airfields."*vki SR 75ﬁ

As regards concentrated* loading, this meJ be safely applied to ice far

a more or less long time. "

MeChanical Properties Of Ice. j.:‘-;-;i .

1he mechanical properties -of ice are no+ constant and- vary, depending

N
v

LU

mainly on temperature.<
‘A8 the resul of a whole series of experiments, tne average tension Ve
(tens1le strength) of 1ce undergoing deflection ‘has been’ determined to vary
between 2 nd 5 Kg/cm? (313 and 71 p81) For thé’ static (load) computation:ﬁ
of ice, discounting & certain- reserve of solidity (factOr of Safety), it 1s o
adv1sable to: take tne lower limit namely 5 kg/cm? (71 p31), and the cor~l'ﬁ°
‘- The' magnitude of destrtctive tenslon (breaking stress) from adherence SR

(shearing) along (parallel to) crystals varies: from 6 to 12.5. kg/cm2 (85 to S

* Russian original uses term "concentrated" but it is considered that this
1s an error and that it should read "non-concentrated"
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178 psi).. As regards contact tension (tangential stress) to:be. allowed,
itis adv1sable to ‘take. 6: kg/cm® (85 ‘psi).. The: transversal -force Q, which

induces. contact tens on (tangential stress) in the ice’ sheet, produces a.

,limal side shifting of the ice

i

layer in the plane of: the vertical section ‘without. deflection, at the same >
time, it does not‘prokae,the‘reactiOn of the elastic foundation underlying p!
the 1ce, namely of the water. e , |

Therefore, -at. the moment of landing on . ice, the dynamic action of the
plane's load, which provokes a threefold,overloading of the plane-together.
with the. corresponding transversa] force Q, is assumed. (in the presence of.
adherencez(shearing)) An. full by the inner forces of ice elasticity, with<
ont.enymailevietion'being afforded byuthe reactive action of“the:waterulayer;
(-Fis- 9).

-Method of Static Computation of

.'theiIce~Cover.

4'3‘If;thetwinter;sduatoriuerf the hydro—airport~hss_en eVen;:smooth.iceu
surface, covered-ﬁith a more or lesstthick leyer of snow, it‘meyvbe:ntilized‘“
- as a winter airport for the takeoff and landing of hydroplanes fitted with =
ski landing;gesr, However, to- a]low the use of the ice- aquatorium it .is

, A
' sneCessaryfthst*the-icetreach.a=certain thickness)‘requisite~for\assuming S

B )

'Mthe load arising at the moment of landing ss weil as at the time of parking
of the plane. o R ‘4 . R o

The ice surface of the eirfield may be considered’as*a sheet resting ‘ -.}!]
on an elestic foundation. The “loed of the hydroplane is notptrensmitted top

the ice as a weight concentrated at one point, but in the form of a losd

transmitted to the icevat:three placesncorresponding to twe.working'skis:

-22%-



' the characteristice of ice\(é ): ‘j?u»fA

and one tail skd. .. oo e T

-w<aEngineenwKashk1nﬂthereforé uses;the:ﬁethod*ofﬁcompuﬁation‘of anveqdiva;
lentb loading_in'thewfqrmAof»qh¢ontinous loéd,'diétributed oVerqthe;anéasgf-
the;cirdle‘whiqh.hastradiusz;,w@@gagggg@?pdeuof radiusﬁA.of'thefcircle;is-
determined'by¢the’distancé,betveéﬁ;gygfééiﬁtquf sﬁpport of.the place (see-
Fig-710§&' S L ﬁi-laiff;;;:ig;;:g ) 1,45;;v .,g;j<b3&‘}; VQgg

: A«'~.; 2&1 ! 2avn éféibf 52* y

2 i
One. may dispense with- magnitude”aé provided ‘there ‘is’ small load -on the

tail ski. .- . Y “V : _‘ . . , Ll y ‘.h ‘»;j, Gl PR . f‘f"i?',:f‘;f",?z: IR K
Accepting. such distribution of the load discounting the,action of~:
the‘neighboring 36qtions»of.icg,gp-yhg aregkggder;gonsld@ration,gand'intrOa

ducing Poisson's. coefficient of transversal conmtraction (m), werdiscover «..
AT - ' e T

¥ . Meters
Sk (mg L2y léﬁf"‘ S

"h é'thickness of ice in meters; I -fModuluS of'e]asticity"(ih matric tons

per ‘square: meter), % - specific gravity of the liquid: ( ~metric.tons, [m® /m -

found&tion mOduluﬂ) D S : e ,~ el e T ) Tt R Ly », -

m;QgPQissan”sncoéfficiéntJ(mjz.EHtOUEJQ;

»apwefdisééverzthe‘magnitu¢e~of;,x;: »:5 in-the -function .of which are ex=s

_pressé&~the-magqitudés;oﬂ;the=momentfandwof;the~adherenceweifortrGﬁptaiqsheer)

*' ThlS equation app ”ently in error in Ru851an orlglnal. Perhépé should U
read: A - 2&1 % fag —‘al / ad - SR S

*% Orlginal Russlan text shows square root symbol but has been correctea to

- EEPs e Coay . v R e i —, ‘.‘.\' N LS ' g .
*%%. For derivatibn'bf'the”foxmwdaisée "Ice Crossings" by Ergineer Bernshtein

B

-230-



and consequently of the coriesponding tenslons (stresses) ’
Then, the maximum def.tection of ice under a load will be~ :
A W ( )Iilax
The ma.ximum bending moment in
'M (- )~,q "'
. max | 2111 .
: The maxmum tension (tensile stress) at. bending. ‘ v
_ . - , ]
o 0(a) | Tew s 36 (m 1) ¢ | »
, The maximum shear along the perimeter of the area of distribution of
“tho load- o } SRR
T () - G_ D () L
nax LT '
and the:(ﬁax;imuzu shearing Stress L DR _
e T T_(z)max 3. 6 D (x) .
ln these formu"as, B (- <), (~-:«.\)aana'r D (. ”"f)" whlch are functions of .
4 ‘ , are replesented in the diagram (Fig. ll) o
The metnod expounded may be applied An- the computation of ice aquatoria
in cases when the. ice is considered as -8 sheet iloating on weter () discount
“being made of the influence of shore supports. , As 'mentioned' above: these
onditions are: also satisi‘ied 'by ice aquatoria, whose minimum size is twice
the length of the curve of deflection ocourrlng under the welght- of a plane.
It appears that 3 in low W:Lnter temperatures 5 the size of a region with o o
positive deflectlons of ice, and whose border is determined by the CODdJ.thIl
z 0, 1s an extlemely constant (stable) quantity, close to the c1rcle of _ ,P
. s



. elaSBic properties of the ice.

; of - deflection'gﬁhiii

radius ho 50 m (130 165 feet) and independent of either the magnitude of the

’ load, or Of the thickness of ice, this quantity depends exclusively on the

A zero deflection of the sheet or an elastic foundation, is located
at the following distance from the center of loadlng. x = O 75L, L being
the length of the nalf curve of the deflection.‘ ‘ o

Know1ng from experience length x 50 m, Wwe get the length of the curve

oty e

'5'2'4"3{50 ,' 133m S ,
O

whence we conclude that at the time of the lowest water, the dimensions of

the 1ce airfield (from one shore suppcrt to the other) should be no less than
2 x 153 = 266 m (approximately 875 feet) Given the small magnitude of the

modulus of‘elasticity of grring ice, the length of the curve decreases cor-

respondingly. . s S 1 : .,‘ :”.2?1222.¥5‘;k#.?d;$is4»¢
conclus1on that notwall ice airfields are of a. sufficient ‘8ize.to. allow com-
putation without taklng into account the influence of supports. vAsuthevbe~v
havior of the ice - s1milar to that of CE beam on two supports - cannot be
calculated due to the cracks existing in it the landing and stationing ef‘.ﬂ977'
Planes on narrow river-airfields, is possible only in the event of con81der-5

_able. thickness of ice, to be determined by 1nvestigation.

AN

-\
Example of Computation, .

' Let us determine the tension of ice. The given thickness of ice is
h :-0.25 m (9.84 inches); the hydroplane-equipped with skis, has a flying

weight of 5.5. toms (metric). The distance between the axles 'of the skis,
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2a) = 5 m (16.h-feet). -+ - Tt D
" We Icon'sid;e'r' the{- ice leyer as'.'a 'lai'ge sized sheet' ' without allowance for

vt the. action ‘of coastal supports ’ and wor consider 1t as- placed on an elastic

vio

N

Taklng the following quantlties E __,50 000 t/m (modulus .of elastlcity .
- métric: téns/m2); f 0. 25 i (thlckness of ice), k= l 1;/m3 (speciflc gravity

.+ metric f,aton's ‘/mg /m = foundation modulus )

we. -obte.ln~

i/a 50000x0253-293m'~~

S L VL P ‘* K l (32 - 1) Do T S R
We obtain the quantlty Sy

1 -% .2 5 R O 84 {l’ o
We determins: the average tensile stress on the curve in the presence of

a gtatic load-.‘ The magnltude of the maximum moment will be'

"M?( ) —G(m 1) C(\)
G - welght of the plane, ', .C ( ) - coeffi01ent whose magnltude d.epends

—

on and is determlned from diagram on Fig. ll in the given case C. ( ) = 8
0,01k, |

_Thus:




The average tension (tensile:stre89)~will Do ot S0 o Es S
S e e (o). TBN D6 x 0.49 - -l 7 kg/cn? = kg/cm
" ‘max R? 0.0625 '
The obtained average. tension (tensile stress) during deflection': is less

‘than that allowed., i.e. 5 kg/c;

r!.} SRR Ve determlne the shearing stress . The shearing stress is determlned,

v

:9 A ,:.not from the static, but from_tne dynamlc load, i.e. by three times the

welcht of the airplane'ln'n‘§"du.»j;lli '_;"‘;xﬁfleyrwi?,x

.“QP, 5 X. 5 5. = ]6 5 t. G

In. a. normal landing cf a plane ow,ice, contact with 1ce(takes place

‘ ﬂ51multaneously for the surfq ;

hoth Skls-: Owing to the hlnge connection

4’

~of" the skis wlth the fuselage 1t nsy be assumed that the: contact occurs

. -over the full surface of the ski and not only with its edge.- o
However, in exceptlonal cases, a landlng on one sk1 is not excluded.
‘In such case, the full welght of the eirplane with the threefold load is.

”transmitted ento the surface of contact with the icj‘ ygmeans .of -one- skl ’

:only.‘ Th1s 1s an ekample whlch should be considered 88, the worst - for

i the computatiOn of the ice layer and the shear. ‘;;x;yﬁwv.qé;mwwrw;f?'“‘
leen the size of the plane 8 skls at 3 lO X O 70 m, the mean ‘radius

‘ of dlstribution of load will be found to be the geometrical mean of the disel

= tance from the axis of the skis to the axis of the airplane*- o
Y NPT AP :
ca- 13+ 100,70 - —(_%“ !f217r;10g74 m
o * 'Thls sentence s confuslng but it-'is taken to. mean ‘that distances are

taken parallel to and perpendlcular to the long axis of the loaded ski..

sk



" We thsn determine the valus of- L

X Zalo, 74 Soe2s3
| s 2093 R . |
and the magnitude of the mBXimum shear:A"' : A A B S
S D( D

max "_x - ’ )
where G = 16 5.t (metric tons), is the weight of  the plane with the ovsrload,,ni'!!

while D (= )_is thebncoafficient,.which may be found from diagram Fig. 11 and

depends on the magnitude of = ; in this case we have D (») = 0.065. =~ ) \
A Thusg¢, C ' | : g
- k- x16§x006 2.14-0'72m !
L Loomak o 2093 : 24 3 { X
" whence '”n; n~" m;» :
=3 x __max -~ 3 x 0.72 = 4 32 kg/cm ‘ ’ :
max‘ 2 _:‘x h 2 x 0425 . R T
Consequently, the shearing stress obtained is less than the one allowed, -
1.0. 6 kg/om , ‘
Taking consecutively different magnitudes for-h (thickness of ice), "
}
and obtaining by the ahove mentioned method the magnitudes of ‘and'? .
" We can obtain: h, corresponding to Valuss close to the one allowed, and thus
'dstermlnswpns min;nym thioknsss of ice which;max?be_accspﬁsd,for;sn 1pe,a1r-
fieldqwj. S T ey . ) : N ST L .
- i
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