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PREFACE 

This paper is based on a talk given by Dr. W. F. Weeks, G e ologist, Snow 
and Ice Branch, U. S. Army Cold Regions Research and Engineering Labora­
tory (USA CRREL) at the Symposium on Antarctic Oceanography sponsored 
by the Scientific Committee on Antarctic Research (SCAR). The Sym;>osium 
was held in September 1966 at Santiago, Chile. 

USA CRREL is an Army Materiel Command laboratory. 
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UNDERSTANDING THE VARIATIONS OF THE PHYSICAL 
'pROPER TIES OF SEA ICE 

by 

W. F'. Weeks 

During the winter, sea ice cover s approximately 38 x 106 kmz (7% of the earth IS 

surface or 12% of the surface of the sea). Despite the tremendous area covered by 
this material, it has received little attention from scientific investigators. This is 
not too surprising inasmuch as sea ice is a rather unpleasant material to handle, it 
is not r -eadilY· transportable, and most important it has been only recently that 
regular transportation to and from areas of active sea ice formation has become 
available during the winter months. The lack of investigators is, however, defi­
nitely not the result of any lack of problems. 

This paper is limited to discus sing a few problems as sociated with the rather 
unusual physical properties of sea ice. It ther.efore oompletely neglects the 
large scale geophysical problems as sociated with sea ice as a boundary layer be­
tween the ocean ·and the atmosphere. 

Figure 1 shows the low temperature portion of the NaCl-Hz 0 phase diagram 
which provides a great deal of information about sea ice. At equilibrium at a 
given temperature, pure ice coexists with brine of a specified composition; i. e. , 
when ·sea water freezes, if the process can be approximated as a continuous series 
of equilibrium or near-equilibrium states, a sheet of lake ice containing no impuri­
ties should form. If this were to happen, all the salt initially in the volume occupied 
by the ice would be rejected back into the underlying sea water. However, this is 
not the case. A series of salinity profiles from young sea ice (Fig. 2) (Weeks and 
Lee, 1962) shows that (1) when sea ice first forms it is quite salty; (2) the salinity 
of a given segment of ice gradually decreases with time; and (3) the vertical 
salinity profile at any given time has a characteristic .. C shape. 

To gain insight into why and how this salt ·is entrapped in the ice, it is necessary 
to examine a thin section of sea ice (Tabata and Ono, 1957; Weeks and Hamilton, 
1962; Bennington, 1963). In Figure 3 areas having the same tone can be considered 
parts of a single crystal, and we note that each crystal possesses a characteristic 
platy substructure. Under greater magnification (see Fig. 14), it is seen that along 
these substructures are located the tiny liquid inclusions of brine (the so-called 
brine pockets) that contain the salt found in sea ice. One of the main prerequisites 
to understanding sea ice is to understand why this substructure forms and traps 
brine instead of rejecting all the salt back into the underlying sea water. 

Fortunately, we do know something about this process. Figure 4a shows the 
buildup of salt ahead of an advancing planar solid-liquid interface. This buildup 
is produced by the partial rejection of salt by the growing ice. Through the phase 
relations this compositional profile uniquely fixes a freezing temperature profile 
(Fig. 4, T e ). The freezing temperature is, of course, lowest next to the growing 
interface where the water contains the most salt. 

Consider two possible temperature gradients (G1 and G 3 ) in the liquid ahead 
of the interface. With temperature gradient G 1 , the liquid ahead of the interface 
is always above the freezing temperature as specified by its composition. There­
fore, if a protuberance were to form on the interface, it would protrude into a 
liquid that is above the freezing temperature. This is, of course, an unstable 
situation; the interface remains planar, all the salt is rejected back into the liquid 
and lake ice forms. However, with temperature gradient G 3 there is a zone ahead 
of the interface that is supercooled as a result of its composition. Once a non­
planar interface forms as a result of this so-called constitutional supercooling 
(Rutter and Chalmers, 1953; Tiller, 1963), brine is trapped and sea ice results. 
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Figure 3. Photomicrograph of a thin section of sea ice, Point Barrow, Alaska. 
The grid is 1 cm o n a side (Weeks and Hamilton, 1962). 
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Calculating the growth conditions under which each of these two interface 
morphologies is stable using the formal theory developed by Tiller, Jackson, Rutter 
and Chalmers (1953) and Smith, Tiller and Rutter (1955)~:' , we obtain the results 
shown in Figure 5. Here G" is the temperature gradient in the liquid, v is the growth 
velocity, and ko is the equilibrium distribution coefficient between pure ice and sea 
water. If we assume that ko ...... 10- 4 ( a maximum value; see Harrison and Tiller, 
1963ai b; Weeks and Lofgren, 1966), we find that lake ice (water-.,salinity ...... lO-Z%), 
which forms with a planar interface, falls well within the growth conditions that 
should specify a non-planar or sea ice interface. This is because the calculations 
assume that salt transfer in the liquid is by diffusion only. However, during the 
formation of sea ice, salt in the liquid is transferred by a much more efficient 
process, convection. Therefore, the theory of constitutional supe,rcooling should 
be revised to permit the treatment of both free convection (the fast ice situation) 
and forced convection (the pack ice situation) and the calculations compared with 
carefully controlled experiments. 

Once a non-planar interface has developed, it can assume a variety of shapes 
(Harrison and Tiller, 1963a, b; Janles, 1966). The interface shown in Figure 6 is 
composed "of a series ,of parabolic platelets; brine can easily become trapped be­
tween these plates producing the characteristic brine pockets associated with sea 
ice. If it were possible to precisely specify the interface geometry as a function of 
growth conditions, it is quite possible that some simple geometrical models could 
be developed that would permit the calculation of the amount of brine entrapment. 
This approach appears particularly appealing inasmuch as some recent studies 
have shown that the amount of brine entrapment is directly controlled by the growth 
conqitions (Tsurikov, 1965; Weeks and Lofgren, 1966). 

In Figure 7, k (the salinity of the ice divided by the salinity of the water at the 
time the ic e formed) is plotted as In (1 /k - 1) vs the growth velocity v. Some 
theoretical work on the solidification of metal systems has suggested that such a 
plot should be linear as indeed it is for sea ice (Weeks and Lofgren, 1966). This 
indicates that k is a smooth function of v provided the mixing conditions in the 
liquid are relatively constant (Fig. 8). This relation, of course, breaks down once we 
begin to approach growth conditions where a planar interface becomes stable: 
notice the consistent "tailing off" to high In (l/k - l) values at low values of v in 
Figure 7. This trend is clearly shown in Figure 9 which plots freezing runs that 
went through the sea ice ~ lake ice transition. Here the k values show signifi­
cant deviations from k values determined fr"om samples showing the sea ice sub­
structure. These deviations appear well before the gross sea ice substructure 
disappears. 

Once an equation" is available relating k to growth conditions, initial salinity 
profiles can be calculated in terms of the factors that control the growth rate 
(that is, the meteorology). Figure 10 shows several such salinity profiles cal­
culated for different air temperatures. It is encouraging to note that the upper 
parts of these profiles are in good agreement with observed salinity profiles. 
Unfortunately, this agreement completely disappears in the lower parts of the 
profiles; the bottom parts of the C -shaped profiles shown in Figure 2 are com­
pletely missing in Figure 10, presumably because we have neglected the fact 
that in general the salinity of any given layer of sea ice decreases with time. The 
"mechanism of this brine drainage is not known. There are no detailed field or 
experimental data on the subject. It is even difficult to find a simple series of 
salinity profile"s on the same ice during its initial year of formation. Some recent 
model calculations by Unter steiner (1966) have, however, shown that brine pocket 
migration as visualized by Whitman (1926) is far too slow to account for any 

~:'See also Mullins and Sekerka (1964). 
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growth velocity, oviD, where 0 is the thickness of the laminar 
boundary layer, D is the diffusion coefficient of salt in water 

and v is the growth velocity (Weeks and Lofgren, 1966). 

significant decrease in the salinity of the ice. Untersteiner was able to obtain 
a steady- state salinity profile similar to that observed in old multi-year pack ice 
by using a "flushing" and a brine pocket "expulsion" mechanism (Fig. 11). How­
ever, as he points out, this general agreement in no way proves that his postulated 
mechanisms are the dominant ones. More field work and experimentation are 
clearly needed. 

In dealing with problems such as brine drainage, it is nece~sary to know 
the brine volume at different positions in the ice as a func tion of time. A 
phase diagram for sea water at sub-freezing temperatures is required to obtain 
brine volume values from the temperature and salinity values. Figure 12 (Assur, 
1958) is calculated from the studies of Ringer (1906), Nelson (1953) and Nelson 
and Thompson (1954). It shows the different temperatures of crystallization of 
some solid salts and the amount of brine and ice in the system at any given tempera­
ture. It has been kriown for some time that there were significant discrepancies 
between the results of these authors at temperatures below -25C. However, be­
cause natural sea ice rarely becomes this cold, this was not considered too critical. 
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No one had ever positively identified, either optically or by X-rays, the different 
solid salts that crystallize from the brine at low temperatures. The chance for 
severe errors in the diagram became apparent when the work of the Russian 
chemistGitterman became available (Savel'ev, 1963). Gitterman claims that 
CaS04 precipitates in significant quantities. This is a solid salt that does not even 
appear in As sur's diagram. Gitterman' s results also suggest that some of the 
early formed salts partially rereact with the brine at lower temperatures and go 
back into solution. These reactions result in a final solidification of the brine at 
-36C as compared with the value of -54C as determined by Ringer. I am skeptical 
of Gitterman's results; needless to say they must be carefully checked. There is 
also the recent interesting su·ggestion of Tsurikov (1965) that certain effects at­
tributed to the precipitation of CaC03 • 6Hz 0 are actually the result of the adsorption 
of the calcium ion on ice. Also, we are not even certain that the ionic ratios in 
sea ice brine are identical with those in normal sea water. 

Figure 13 shows the peculiar effects that the changes in brine volume and the 
precipitation of solid salts have on a non-structurally sensitive property, the 
density of sea ice (Ander son, 1960). Note the m i nimum in the density in the low 
salinity range and the pronounced discontinuity when NaCl. 2Hz 0 precipitates. 

It is, however, in the structurally sensitive properties that the extremely 
interesting changes occur. For example consider the tensile strength of sea ice. 
A relatively cold specimen of sea ice is shown in Figure 14. Note that the brine 
pockets are small. If we consider any possible failure plane in this specimen, 
we find that an appreciable percentage of this plane is ice. Therefore, this speci­
men would be expected to have a significant tensile strength. The specimen shown 
in Figure 15, on the other hand, contained a large volume of brine at the time the 
thin section was prepared. (Unfortunately, because these brine passages were 
interconnected, this brine is no longer in the specimen. It is quite clear, however, 
where it was.) A plane can be pas sed through this sample without ever encountering 
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would be expected to have a tensile strength 
close to zero even though it contains an 
appreciable amount of ice. In Figure 16 the 
tensile strength of NaCl ice with a structure 
identical to sea ice (Weeks, 1962) varies from 
a (T axis intercept ((To) of roughly 25 kg/ cmz 
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Figure 13. Sea ice density at dif­
ferent salinities as a function of 

temperature (Ander son, 1960). 

at low temperatures (low brine volumes) to a 
strength of zero kg/cmz at a v l / 2 axis inter­
cept (va) of 0.48 (va = 230%0). Similar re­
sults have been obtained for natural sea ice 
by Assur (1958), Hendrickson and Rowland 
(1965) and Frankenstein (1966). Rubbings 
have also shown (Anderson and Weeks, 
1958; Tabata, 1960) that the fracture sur-
face does indeed follow the planes of weak­
ness as specified by the substructure. It 
is, therefore, possible to construct some 
simple geometrical models to explain the 
variation in the strength of sea ice. This 
has been done by Anderson and Weeks 
(1958), Assur (1958), and Tsurikov (1947a, 
b) and the results were quite successful in 
predicting variations in sea ice strength 
until recently when a large amount of in­
formation on the strength of warm, high 
brine volume sea ice became available 
(Frankenstein, 1966). These results (Fig. 
17) show that in the high brine volume 

range, strength becomes independent of brine volume. It is quite possible that this 
is the result of some change in the growth pattern of the brine pockets. There is, 
however, no direct pro6f of this at the present. 

Assur (1958) has suggested that the precipitation of solid salts. causes signifi­
cant strengthening of sea ice, even to the point of making it stronger than lake ice. 
Graystone and Langleben (1963), Tabata (1966) and Weeks (1962) showed that there 
was no experimental justification for this suggestion. Nor does there appear to be 
any indication of Naz S04' 10Hz 0 strengthening in the results of either Frankenstein 
(Fig. 17) or Hendrickson and Rowland (1965). However, Peyton (1966) has revived 
the idea. Unfortunately, in his figure that supposedly demonstrates the effect he 
doe s not differentiate specime ns that contain solid Naz S04' 10Hz 0 from those that 
do not. Therefore, it is still difficult to decide whether the effect is real. It is 
also possible that the effect only appears' when certain types of t e st procedures are 
used. However, let us assume that Assur and Peyton are correct: they then 
suggest several strengthening models that purportedly explain the e xperime ntal 

. results. Unfortunately, in the current literature there are no observations on 
either the precipitation patterns of salt in brine pockets or on the failure mech-
anisms in sea ice with or without solid salts. . 

Figure 18 shows that in NaCl ice, va (the brine volume necessary to cause the 
ice to have zero tensile strength) is a function of position in the ice sheet (Weeks 
and As sur, 1963). This means that if ice near the top of the she e t has the same 
brine volume as ice near the bottom of the sheet, it still will not have the same 
physical properties. This, of course, introduces an extreme difficulty in dis-
cus sing structurally sensitive physical properties. We fir st m ust cor rect th e 
measured values to a constant vertical location in a given ice she et b e fore we can 
begin to make significant comparisons. But to make this correction, it is nec­
essary to understand the structural basis for the phy"sical property change. We 
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Figure 14. 

Figure 15. 

Photomicrograph of sea ice at low temperatures (-19C, Thule, 
Greenland). 

Photomicrograph of sea ice at a temperature only slightly below the 
freezing temperature (- 3C, Thule, Greenland). 
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warmer than -21. 2C (Weeks, 1962). 

know a little about the controlling factors. 
The spacing between the brine layer s is a 
function of the freezing velocity (v) when 
that particular la ye r of ice formed. As sur 
and reeks ( 1963) assumed the relation 
a vI 2 = constant where a is the distance 
between the brine layers based on experi­
mental results from the freezing of metals 
and limited data on NaCl ice. Using this 
relation they were able to explain a num­
ber of 'peculiarities in the vertical profile 
of sea ice properties. However, when 
Lofgren and Weeks (unpublished) per­
formed a series of experiments to see if 
the assumed relation was correct, they 
found that the power of v, instead of 
having a constant value of 1/2, had a power 
that varied from 1 at high values of v to 
almost 0 at low values. This is probably 
the result of convection instead of diffusion 
in controlling the solute transfer in the 
liquid. If so, we should obtain the a. vI /2 
constant relation when we freeze from the 
bottom up so that salt transfer is diffusion 
limited. Unfortunately, this experiment 
has not been performed. 

There are other structural parameters 
that vary with position in the ice sheet. Grain size increases with depth (Fig. 19) 
and basic brine pocket spacing probably varies with depth also. In short, we 
are currently blaming all the vertical variation on differences in the spacing of 
the brine layers. The need for more studies on the interrelations between struc­
tural parameters and growth conditions is obvious. 

Another presumably structurally sensitive parameter which has just begun to 
be investigated is the dielectric constant of sea ice. There are three recent papers 
on this subject: Wentworth and Cohn (1964), Addison and Pounder (1966) and 
Fujino (1966). Fujino's results show pronounced changes in the slopes of both the 
isofrequency dielectric constant and conductivity curves as plotted as a function 
of temperature. These slope changes occur at roughly -22 and -52C. The -22C 
change obviously correlates with the precipitation of NaC!. 2Hz 0 and the - 52C 
change with the final disappearance of liquid brine. The change of slope at - 52C 
should not be very encouraging to Gitterman who claimed that the last of the brine 
disappeared at -36C. All of these authors have found extremely high dielectric 
values in the low frequency range, presumably as the result of polarization of the 
brine cells to form macroscopic dipoles. It will be interesting to see some 
theoretical treatments of this phenomenon. In the high frequency range (~ 1 
megacycle/ sec) the effects of polarization decline and it should be possible to apply 
a modified mixing formula to obtain information on the temperature dependence of 
the geometry of the brine pockets. This, unfortunately, has not been attempted. 
If, however, we replot Wentworth and Cohn l s data at 3 mc / sec ver sus brine vol­
ume instead of versus temperature and salinity, some very interesting relations 
appear. Figure 20 shows a simple linear dependence of the dielectric constant on 
the brine volume . Slush ice, which is quite structurally different, lies on a 
separate curve as should be expected if sea ice is considered as a simple mixture 
of ice and brine. Fujino's results cannot be used because his work was limited 
to the frequency range below 100 kilocycles / second. Although there have been a 
large number of studies on the dielectric characteristics of pure ice (Evans, 1965), 
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there are apparently no measurements of the dielectric properties ·of sea ice brine. 
It should be possible to make significant progress in this area in the near future. 

I hope that in this short paper I have been able to give some general impression 
of the field referred to as sea ice physics. The fascinating thing about the subject 
is the interrelations between ITleteorology, growth conditions, structural details in 
the ice, and physical properties. Unfortunately, we are just beginning to appreciate 
how complex these interrelations are. 

LITERATURE CITED 

Addison, J. R. and Pounder, E. R. (1966) "The electrical properties of saline ice" 
in Proceedings of International Conference on Low Temperature Science, 
Institute of Low TeITlperature Science, Hokkaido University, Japan, 
Aug. 1966. 

Ander son, D. L. (1960) The physical constants of sea ice, Research, vol. 13, 
p. 310-318. 

____ --==:-__ and Weeks, W.F. (1958) A theoretical analysis of sea ice stren th, 
Transactions American Geophysical Union, vol. 39, p. 32- 40. 

As sur, A. (1958) "CoITlposition of sea ice and its tensile strength" in Arctic sea 
ice, National AcadeITly of Science-National Research Council 'Publication 
598, p. 106-138. Also USA SIPRE Research Report 44, 1960. 

____ _::_ and Weeks, W. F. (1963) Growth, structure, and strength of sea ice, 
International Union of Geodesy and GeophYSICS, International Association 
of Scientific Hydrology, Symposium of Berkeley, Publication 61, p. 95-
108. Also U. S. Army Cold Regions Research and Engineering Labora­
tory (USA CRREL) Research Report 135, 1964. 

Bennington, K. O. (1963) Some crystal growth features of sea ice, Journal of 
Glaciology, vol. 4, p. 669-688. 

Evans, S. (1965) Dielectric properties of ice and snow - a review, Journal of 
Glaciology, vol. 5, p . 773-792. 

Frankenstein, G. (in prep. ) Ring tensile strength studies of ice. USA CRREL 
Technical Report 172. 



14 VARIATIONS OF THE PHYSICAL PROPERTIES OF SEA ICE 

LITERATURE CITED (Cont'd) 

Fujino, K. (1966) "Electrical propertie s of sea ice" in Proceeding s of International 
Conference on Low Temperature Science, Institute of Low Temperature 
Science, Hokkaido University, Aug. 1966. 

Graystone, P. and Langleben, M. P. (1963) "Ring tensile strength of sea ice" in 
Ice and snow; Processes, properties and applications (W. D. Kingery, 
Editor). Cambridge, Mass.: M.1. T. Press, p. 114-123. 

Harrison, J. D. and Tiller, W.A. (1963a) "Controlled freezing of water" in 
Ice and snow; Proces ses, properties and applications (W. D. Kingery, 
Editor). Cambridge, Mass.: M.1. T. Press, p. 215-225. 

(1963 b) Ice interface morphology and texture 
developed during freezing, Journal of Applied Physics, vol. 34, p.3349-
3355 . 

Hendrickson, G. and Rowland, R. (1965) Strength studies on Antarctic sea ice, 
USA CRREL Technical Report 157, 20 p. 

James, D. W. (1966) On the nature of the soild/liquid interface transition at the 
onset of constitutional supercooling, Transactions Metallurgical Society, 
American Institute of Mechanical Engineers, vol. 236, p. 936. 

Mullins, W. W. andSekerka, R. F. (1964) Stability of a planar interface during 
solidification of a dilute binary alloy, Journal of Applied Physics, 
vol. 35, p. 444-451. 

Nelson, K. H. (1953) A study of the freezing of sea water, University of Washington, 
Department of Oceanography, Ph. D. Thesis, 129 p . 

. and Thompson, Th. G. (1954) Deposition of salt from sea water by 
------.fr-r-:-i-g-,-'id concentration, University of Washington, Department of Oceanog­

raphy, Technical Report 29. 

Peyton, H. R. (1966) Sea ice in Cook Inlet, University of Alaska, Arctic 
Environmental Engineering Laboratory Report, 2S p. 

Ringer, W. E. (1906) De veranderingen in samenstelling van zeewater bij bet 
bevriezen (Changes in the composition of sea water upon freezing), 
Chern. Weekblad, vol. 3, p. 223-249. 

Rutter, J. W. and Chalmers, B. (1953) A prismatic substructure formed during 
solidification of metals, Canadian Journal of Physics, vol. 31, p. 15-39. 

Savel'ev, B.A. (1963) Stroenie, sostav i svoistva ledianogo pOkrova morskikh 
i presnykh vodoemov (Structure, composition and properties of the ice 
cover of sea and fresh waters), Moscow, Izd-vo Moskovskogo 
Universitata, 541 p. . 

Schwarzacher, W. (1959) Pack-ice studies in the Arctic Ocean, Journal of 
Geophysical Research, vol. 64. p. 2357-2367. 

Smith, V. G.; Tiller, W. A. ; and Rutter, J. W. (1955) A mathematical analysis of 
solute redistribution during solidification, Canadian Journal of Physics, 
vol. 33, p. 723-745. 

Tabata, T. (1960) Studies of the mechanical properties of sea ice V. Measure­
ment of flexural strength, Low Temperature Science (A19), p. l88-20l. 

(1966) "The flexural strength of small sea ice beams" in Proceedings 
of International Conference on Low Tempe rature Science, Institute of 
Low Temperature Science, Hokkaido University, Aug. 1966. 



VARIA TIONS OF THE PHYSICAL PROPER TIES OF SEA ICE 

LITERATURE CITED (Cont'd) 

Tabata, T. and Ono, N. (1957) On the structure of sea ice, Low Temperature 
Science (Al '6), p. 197-210. 

Tiller , W.A. (1963) "Principles of solidification" in The art and science of 
growing crystals. New York: John Wiley and Sons, p. 276-312. 

; Jackson, K. A. ; Rutter, J '. W. ; and Chalmers, B. (1953) The 
-----r-e-d~i,-stribution of solute atom~ during the solidification of meta~ 

Acta Metallurgica, vol. 1, p. 428-437. 

Tsurikov, V. L. (1947a) K voprosu 0 vliianii polostnosti l'da na ego prochnost' 
(The problem of the effect of ice porosity on its stren th) , Tr. Gosud. 
Okeanogra ich. Inst. 2 14), p. -88. ' 

(1947b) 0 vliianii solenosti mor skogo l'da na ego prochnost' 
(The effect of ice salinity on its stren th) , Tr.' Gosud. Okeanografich. 
In s t. 2 ( 1 4 , p. 8 9 - 1 08 . 

(1965) Formation of the ionic com.?osition and salinity of sea ice, 
Oc eanology, vol. 5, p. 59 - 66. 

Untersteiner, N. (1966) "Natural desalination and equilibrium salinity profile of 
old sea ice" in Proceedings of International Conference on Low Tempera­
ture Science, Institute of Low Temperature Science, Hokkaido University, 
Japan, Aug. 1966. 

Weeks, W. F. (1962) Tensile strength of NaCl ice, Journal of Glaciology, vol. 4, 
p. 25-52. Also USA CRREL Research Report 80. 

and Assur, A. (1963) "Structural control of the vertical variation 
of the strength of sea and salt ice" in Ice and snow; Processes', properties 
and applications (W. D. Kingery, Editor). Cambridge, Mass.: M.1. T. 
Pr ess , p. 258-276. Also USA CRREL Research Report 113. 

______ ~ and Hamilton, W. L. (1962) Petrographic characteristics of young 
sea ice, Point Barrow, Alaska, American Mineralogist, vol. 47, 
p. 945-961. Also USA CRREL Research Report 10l. 

and L ee, O . S. (1962) The salinity distribution in youn sea ice, 
-----..,,---

Arctic, vol. 15, p. 92-1 :)8 . Also USA CRREL Researc Report 

and Lofgren, G. (1966) "The effective solute distribution coeffi-
-----~---: cient during the freezing of NaCl solutions" in Proceeding s of Inter-

national Conference on Low Temperature Science, Institute of Low 
Temperature Scienc e, Hokkaido University, Japan, Aug. 1966. 

W entworth , F. L. and Cohn, M. (1964) Ele ctrical properties of sea ice at 0.1 
to30mc/s, Radio Science (Journal of Research), vol. 68D, p. 681-691. 

Whitman, W. G . (1926) Elimination of salt from sea-water ice, American Journal 
of Science , 5th Ser., vol. 62, p . 126-132. 

15 



Unclas sified 
Securi ty Classification 

DOCUMENT CONTROL DATA - R&D 
(Securi ty classili cation 01 title , body 01 abstract and indexinQ annotation must be entered when the overalt report i s clas sified) 

I . ORIGINATIN G ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 

U. S. Army Cold Regions Research and 
Engineering Laboratory, Hanover, N.H. 

Unclassified 
2 b . GROUP 

3 . REPORT TITLE 

UNDERSTANDING THE VARIATIONS OF THE PHYSICAL PROPER TIES. 
OF SEA ICE 

4 . DESCRIPTIVE NOTES (Type 01 report and inclusive dates) 
Special Report 

5 . AUTHOR(S) (Last name, l i rst name, initial) 

Weeks, W. F. 

6 . REPO RT DATE 

May 1967 

8a. CONTRACT OR GRANT NO . 

b . PROJECT NO . 

DA Task 1 V01450lB52A02 
d . 

7a . TOTA L NO . OF PAGF.~ 

18 
\7b. NO . OF 39FS 

9a . ORIGINATOR'S REPORT NUMBER( S) 

Special Report 112 

9b. OTHER REPORT NO(S) (Any other numbers that may be assi/lned 
th i s report) 

10. AVA IL ABILITY / LIMITATION NOTICES This document is available to U. S. government agencie~ 
and their contractors from: Defense Documentation Center. Microfilm or photo­
~opy of this document is available at cost of reproduction from: Clearinghouse for 
tl<''''-rf''',.'''lc::,..;''' ..... i-;f';,.. "' ..... ..:1 '1"'",,..'h,..,;,..,,,1 T ..... f'''',.'YY'\ ,i-;"' ..... 

11. SUPPL EMENTARY NOTES 

13 · ABSTRACT 

12. SPONSORING MILITARY ACTIVITY 

U. S. Army Cold Regions Research and 
Engineering Laboratory 

Information and test results are presented concerning the mechanism of growth, 
brine content, strength, structure, and dielectric properties of sea ice. Sug- ' 
gestions are given for improving methods of calculating growth conditions and 
a schematic drawing is given of the solid-liquid interface for sea ice together 
with photomicrographs of sea ice at low temperatures. 

DD 1473 FORM 
1 JAN 84 Unclas sified 

Security Classification 



Unclas sified 
Security Classification 

14. 
KEY WORDS 

Sea ice--Formation 
Sea ice--Growth--Mathernatical anal-fsis 
Sea ice--Strength 
Sea ice--Salt content 
Sea ice--Crystal structure 
Sea ice--Photographic analysis 

LINK A LINK 8 LINK C 

ROLE WT ROLE WT ROLE WT 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY: Enter the name and address 
of the contractor, subcontractor, grantee, Department of De­
fense Ilctivity or other organization (corporate author) issuing 
the report. 

2a. REPORT SECURITY CLASSIFICATION: Enter the over­
all security classification of the report. Indicate whether 
"Restricted Data" is included. Marking is to be in accord­
ance with appropriate security rt!gulations. 

2~ qROUP: !-utomat~c d?wngrad~ng is specified)n 000 Pi­
rective 5200.10 and Armed Forces' Industrial Manual. Enter 
the group number. Al-so, when applicable, show that optional 
markings have been ,used fo! Gr()up 3 a!1d Group 4 'as author­
ized. 

3. REPORT TITLE: Enter the complete report title in ali 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica­
tion, show title classification in::Bll capitals in parenthesis I 
immediately following the title. 

-
4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e. g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 

5. AlJTHOR(S): Enter t he na~e(s) of author(s) as shown -on 
or in the report; Enter last name, 'ffrst name, midiife initial. 
If military, show r-aRk and branch of service. ·The .name· of 
the principal auth?r is_ ~n absolut~ ~inu.num requir~ment. " _ 

6. REPORT DATE: Enter the date of the report CIS day, 
month, year; or month, year. If more than 'one date appears 
on the report, use date of publication. 

7a. TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, i. e., enter the 
number of pages containing information. 

7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, Be, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi­
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the ori~inator 
or by the sponsor), also enter this number(s). 

10. AVAILABILITY/ LIMITATION NOTICES: Enter any lim­
itations on further dissemination of the report, other than those 
imposed by security classification, using standard statements 
such as: 

(1) "Qualified requesters may obtain copies of this 
report from DDC." 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorized." 

(3) · "U. S. Government agencies may obtain copies of 
this report directly from DOC. Other qualified DOC 

_ , users shall request ~hrou~h _ 

(4) "U. S. military agencies may obtain copies of this 
report directly from DOC. Other qualified users 
shall request through 

(5) II All distribution of this report is controlled. Qual­
ified DDC users shall request through 

If the report has been furnished to the Office of Technical 
Service~, DeparJment of ~ommerce, for ~ale to the:public;'-, indi­
cate this fact and enter tl)e price, if known. 

• _ .1. . • . . •. . .1. . 

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes. - . - -. -

12. SPONSORING MILiTARY ACTIVITY: Enter' the name of 
the departmental project office or laboratory sponsoring (pay­
in~ for) the research and development. Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report , even though 
it may also appear elsewhere in the body of the technical re­
port. If additional space is required , a continuation sheet 
shall be attached. 

It is highly desirable that the abstract of classified re­
ports be unclassified. Each paragraph of the abstract shall 
end with an indication of the military security classification 
of the information in the paragraph, represented as (TS), (S) , 
(C), or (U). 

There is no limitation on the length of the abstract . How­
ever, the suggesteci length is from 150 to 225 words. 

14. KEY WORDS : Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for catalo~ing the report. Key words must be 
selected so that no security classification is r~quired. Iden­
fiers . such as equipment model designation, trade name, !nili­
tary project code name, geographic location, may be used as 
key words but will be followed by an indication of technical 
context. The assignment of links, rules, and weights is 
optional. 

Unclas Sl£led 

Security Classification 


