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EQUATIONS 
OF 

SHORT NOTE 

FOR DETERMINING THE BRINE VOLUME 
SEA ICE FROM - 0·5° TO - 22·g0C. 

By GUENTHER FRANKENST E IN and ROBERT GARNER 

(U .S. Army Cold R egions R esearch and Engineering Laboratory, Hanover, New Hampshire, U.S.A.) 

ABSTRACT. Brine volume of sea ice is a function of the sa lini ty and temperature of the ice, a nd it is related 
to its strength. T his paper gives three equations which can be used to compute the brine volume for three 
temperature ra nges from - 0·5° to - 22·g0C. A less accu rate equation covering the tota l range is a lso 
presented. 

RESUME. Equations pOllr determiner le volume de saumu,.e de la glace de mer entre - 0,5° et - 22,9 °C. Le volume 
d e saumure de la glace d e mer est une fonct ion de la sa lini te et de la tem pera ture de la glace, et il est lie 
a sa solidite. Cette comm unication donne trois equa tions qui peuvent etre utilisees pour calculer le volume 
de saumure pour trois domaines d e temperature entre - 0,5° et - 22,gOC. U ne equa tion moins precise 
est a ussi don nee pour tout le domaine de temperature. 

ZUSAMMENFASSUNG. Gleichungen zur B estimmung des Salzsole- Volumens in Meereis bei Tem/Jeraturen von - 0,5° 
his - 22,9 °C. Das Salzsole-Volumen in Meereis ist eine Funktion d es Sa lzgeha ltes und der Temperatur 
des E ises und steht mit seineI' Festigkeit in Beziehung. In diesel' Arbeit werden 3 G leichungen zu r Berechnung 
d es Sole-Volumens fur 3 Temperaturbereiche von - 0,5° bis - 22,gOC. angegeben. Auch eine weniger 
genaue Gleichung fur d en Gesamtbereich wird vorgelegt. 

INT R ODUCTION 

The relative volume of brine in sta ndard sea ice is a fun ction of the salinity and temperature of the 
ice and it is related to its strength. The results of a large number of tests by ma ny investiga tors have 
shown that the strength of the ice decreases with increasing brine volume. Also, other properties a re 
rela ted to brine. 

Probably the most widely used method for determining brine volume is to use Assur 's ( I g60) brine­
volume table. This paper derives three equations, based on the values from this table, which can be 
used to compute the brine volume from - 0' 5 to - 22·gOC. 

ANALYSIS AND R ESULTS 

Assur constructed a table which g ives the relative volume of brine (v) in standard sea ice of salinity 
of I %0 (parts per thousand) depending on temperature (OC. ). H e computed the table from the phase 
rela tions in standard sea ice . The values in the table a re the bas is for the three equations developed here. 

Assur computed the volume of brine, v, from 

Pi 
v = b,. -

pb 

where br is the brine content by weight, pi is the theoretical density of sea ice and pb is the density of the 
brine. H e also noted that 

without precipitation of salts, where S is the salini ty of the ice and Sb the salinity of the brine. On the 
other hand, 

54. 11 
1- ---

(J 

with (J the ice temperature. 
Substituting Equation ( Ib) and then ( IC) into Equation ( la ) gives 

v = S 1 - --- - . ( 
54' 11) Pi 

(J pb 

W e see that the relation can be linearized in terms of v versus I I (J. This holds in wide temperature ranges 
as we shall see below. 
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The values at - I . 0° and - 2 ' o°C. were used to compute a new equa tion, namely 

(
52 ' 56 ) v = S - (J- - 2'28 . 

The minimum limit of Equation (2) was determined by computing the deviation of Equation (2) from 
Equation ( Id) between - I '0° and - 2' o°C. and between 0° and - I ' o°C. The point between 0° and 
- 1 . o°C. where the percentage deviation equaled the maximum percentage devia tion between - I . 0° 
and - 2' o°C. was used as the minimum limit of Equation (2). This limit occurred at - 0' 5°C . 

The brine-volume values from the table were plotted for the tempera ture range between - 2' 0° 
and - 8'2°, and between - 8'2° and - 22·9°C. The limit of the two plots at - 8 · 2°C . is the result of 
Na,S04 ' IOH,O beginning to precipitate at this temperature. A least-square fit of the two plots, which 
were forced to have the same value of 6 · 53 at - 8· 2°C., gives the following equations: 

(
45'917 ) v = S -(J- + 0'930 

for the range be tween - 2' 0° and - H, 2°C . and 

(
43' 795 ) 

v = S - (J- + I ' 189 

for the range between - 8 · 2° and - 22 ' 9°C. Equation (3) has a standard error of o · 00224 and a 
correlation coefficient of o· 99994, while Equation (4) has a standard error of o· 00059 and a correlation 
coefficient of o· 99965. This indicates that the equations can be used with good accuracy. 

Equations (2) and (3) intercepted at - 2' 06°C., which is then the maximum limit of applicability for 
Equation (2) and the minimum limit of Equation (3) . The maximum limit of Equation (3) and minimum 
limit of Equation (4) was fixed a t - 8·2°C. and the maximum limit of Equation (4) was fixed at 
- 22' 9°C. The final equations with the limits are 

v = S(5
2

/
6 

- 2'28) for - 0'5° .;; (J .;; - 2'06°, 

v = S(45 ';17 + 0'930) for - 2'06° .;; (J .;; - 8 ' 2°, 

v = S(43 ':95 + I' 189) for - 8'2° .;; (J .;; - 22 ' 9°, 

where v is the brine volume in parts per thousand , S is the salinity of the ice and (J is the absolute value 
of the ice temperature in °C . 

In cases where a simple but less accura te equation is desired, the following can be used from - 0' 5° 
to - 22·9°C.: 

(
49 ' 185 ) 

JI = S - (J- + O'53 2 . (5) 

The correlation coefficient is o· 99951 and the standard error is o · 15448. 
The volume of brine for ice temperatures between - 0' 1° and - 0 · 4°C., taken directly from the 

table, is: 
(J - 0 ' 1 

v 500 ' 9 

- 0'2 
250 '5 

For tempera tures below - 22 ' 9°C . one should refer to the table. 
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