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ABSTRACT 

A technique for predicting ice formation and growth is pre- 

sented. The ice potential calculations originally discussed 

by Zubov and Defant form part of the method, as do the 

standard heat budget equations developed by various 

authors. In addition, new formulas are derived for com- 

puting ice growth in terms of known or predicted oceano- 

graphic and meteorological data. The method is applied to 
the problem of predicting the general features of the ice 

distribution in the Baffin Bay-Davis Strait area for the 
season 1952-53. It is pointed out that use of this method 

must be limited to open-sea areas where winter and not 

polar ice is the dominating feature. However, the technique 

has important applications to estimating the general ice 

features of such areas several months in advance. 



FOREWORD 

The increasing importance of defense installations in 
northern areas has increased greatly the responsibilities of 
the U. S. Navy in supplying bases in Arctic waters, where sea 
ice is often an operating obstacle, The Hydrographic Office 
is charged with the responsibility of developing and testing 
techniques for observing and forecasting sea ice conditions. 
Standardized techniques for observing, charting, and reporting 
sea ice are now in operational use by the Navy, as described in 
publications issued by the Hydrographic Office. Heretofore, 
techniques for forecasting the formation, growth, and movement 
of sea ice have not been published by this Office. This publi- 
cation describes a method of long-range forecasting of ice for- 
mation and growth. Since this technique ig still in the develop- 
mental stage, the Hydrographic Office welcomes comments as to its 
operational value, 

. Be lohan 
Captain, U. S. Navy 
Hydrographer 

Inman OL ON 
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A. INTRODUCTION 

The expanding program of ice observation and forecasting at the 
Hydrographic Office has emphasized the desirability of long-range ice 
forecasting. There are many phases of the ice program for which long 
range forecasts giving advance estimates of ice conditions of as much 
as 150 days are required. This paper deals with long-range forecasting 
of ice thickness in open seas whose salinity and density remain rela- 
tively constant, such as Baffin Bay and the Labrador Sea. 

An operational method of forecasting for a long period must be 
easy to use, require a minimum number of involved calculations, and 
yield forecasts of reasonable accuracy. Most fornmlas previously devel- 
oped have been complicated expressions which are not suited for opera- 
tional use. In developing the following method, the goal has been to 
perfect a technique from which quantitative results can be derived with 
a minimum of computation and observation. 

Be THE ICE POTENTIAL OF A WATER COLUMN 

The severity of an ice season depends,among other things, upon the 
amount of thermal energy stored in the water mass and upon the rate at 
which convective mixing takes place. It is necessary to select a model 
of convective mixing which will explain the variation in the thermohaline 
conditions caused by heat removal and ice accretion. The method proposed 
by Defant (1949) and by Zubov (1938) of computing the ice potential and 
potential heat loss has been adopted as a basis for the present forecast- 
ing technique. 

Before a forecast can be made, an analysis cf the properties that 
inhibit ice formation and growth must be performed. Oceanographic meas= 
urements within the area in question must be secured in order to obtain 
information about salinity and thermal energy stored within the water 
mass. Unnecessary computation can be avoided by making the measurements 
at a time after the heat flux reverses, when thermal energy is being 
continually removed from the water. Otherwise the amount of heat which 
was added to the water column prior to the reversal of the heat flux 
would have to be computed before the method of Defant and Zubov could 

be utilized. 

Establishing the ice potential of a given water column requires 
only the temperature and salinity at N levels within the column. The 
column is divided into (N-1) layers and the mean temperature (Ty), 
salinity (S,), and density (F,), are computed for each layer. The 
mixing model, as defined by the method of Defant and Zubov is constructed 

~ hy finding the mean temperature and salinity of the surface and second 

layers, i.e., 



The column is then said to be partially mixed down to the second level, 
Complete mising is achieved by cooling the partially mixed column until 

its density, 71, 5, equals that of the original second layer, o>. 
This mixing may be accomplished merely by changing the temperature of 
the partially mixed column, provided the water is not cooled below its 
freezing point. If the temperature change necessary for completely mix- 
ing the column requires a temperature below the freezing point, ice will 
form and the salinity of the remaining water in the column will be in- 
ereased. The mixing process is carried out layer by layer until the po- 
tential heat loss is greater than the possible heat loss for a given ice 
season. 

For convenience the expressions "partially mixed" and "completely 
mixed" have been used in connection with the ice potential computations. 
Two layers of water are termed "partially mixed" when the mixed column is 

defined completely by the means of the temperatures and salinities of the 
two original layers (i.e., no heat loss is involved). A "partially mixed" 
layer becomes "completely mixed" when the density of the partially mixed 
layer equals that of the original lower layer, with the density of the 
original lower layer remaining fixed throughout the process. In this 
latter case a heat loss is necessary, provided that the density distribu- 
tion is stable. Temperature and salinity changes which result from this 
mixing model can be easily read from a T-S nomograph, or can be computed 
by use of standard hydrographic tables. (H.O. Pub. No. 615) 

Complete mixing can be accomplished only by releasing g,eram calo-— 

ries of sensible heat from the water column one square cm in cross section. 

Quantitatively, Ar (h) 20 2 lain. where c is the specific heat of sea 

water Py is the density of sea water, h is the depth to which complete 

mixing reaches (or volume of h cm), and AT. is the amount of heat lost 

in changing the partially mixed culumn to a completely mixed column. When 
it is necessary to change the salinity of the column in order to achieve 
complete mixing, latent heat is involved in the process as well as sensible 

heat. Since a known percentage of the salt is frozen out of the ice, it 
is possible to write an expression for the latent heat as a function of 
the salinity change. Consequently, the ice accretion corresponding to a 
given salinity change can be expressed mathematically. As written by 

Defant, the ice thickness is given by 

jo, quis 
! Cp, bs (1) 

where S is the salinity of the partially mixed column and b is the per- 
centage of the salts frozen out of the ice. The latent heat can now be 
evaluated from the well-known formmla de (%)) K&(Z), where K is the 

latent heat of fusion, which decreases with increasing salinity of the 
ice. The total potential latent heat is given by 

[9.827 th) (2) 
° 



As the mixing model is developed, each layer will yield a certain 
amount of potential heat loss, qp,and eventually, when the temperatures 
are low and the densities are high, each layer will yield a certain massa 
of potential ice (€) associated with convective mixing down through the 
corresponding layer. Thus it is possible tc construct the very useful 
"potential curve" (Figure 2) from corresponding 

~~ Lod h 

[eaz-lr ana QythI=Gyth)-Q) where y= fay92- (5) 
(0) (0) 

The potential curve is plotted, Qp starting from zero within the layer 
where ice first appears. The remainder of the Qp@,, which is lost before 
ice is formed, determines the date of ice formation. The reason for 
taking Qn as zero at this point becomes evident when one considers the 
lower limits of the integrals in equation (13), Obviously some question 
arises as to the exact quantity of heat that has been removed at the 
time ice is first formed. There is, of course, some error introduced, 
but it is not large as long as the water temperatures are near the 
freezing point and the water column is divided into layers of suffi- 
ciently small depth, for example five to tem meters, Recent work on 
the same type of model as Defant's has yielded exact values of the 
which must be removed before ice is formed, thus determining the proper 
point to start accumulating the Qp for the potential curve (Brown, 

1954) 

In order to illustrate the computation of the ice potential and 
the drawing of the potential curve, a typical oceanographic station 
is used as an illustration. Station 37, at 66°N, 58°W, was occupied 
on 3 October 1952. A plot of the oceanographic variables at this sta- 
tion is given in Figure 1, and the complete numerical data are shown 
in Table 1. 

TABLE 1 
Oceanographic Data for Station #37 

(66°N, 58°W), 3 October 1952 

Depth Tempe rature Salinity Density 

m oC i Peseta Anomaly (6%) 

j oo em/Liter 

y 0.56 32.37 25.98 
2 0.10 32.36 26.00 

a Suen 32.39 25.99 
sie 0.73 320L'7 26.05 
30 -O.41 32.78 26.36 

20 ~1.65 33.08 26.6, 

ie ~1.61 33.69 27.13 
99 -2.13 33.69 Beeillh 

ae ~0.52 3i, Ol 27.38 
sell 1.52 34.21 27,10 

a 0,08 3h..3h 27.59 
394 =—2o 71 3h. 52 27.81 
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FIG. | OCEANOGRAPHIC PLOT FOR STATION NO, 37, 66°N 58°W, 3 OCTOBER 1952. 



From these data the ice potential has been caleulated by the method of 
Defant and the results shown in Table 24. Finally, the ise potential 
curve for Station 37 is shown in Figurs 2. 3% will be noted that the 
ice potential curve is by no means a straight line or a smooth curve. 
In fact, for this station, the heat loss necessary to forma given 
amount of ice varies considerably. For this reason, the actual fore- 
casting for this station is difficult, for a emali additional heat loss 
at about 2 kg. cal. causes the formation ef a large amount of ice. In 
this respect the example shown is not typical of many atations where 
the ice potential curve is quite regular and emocth; however, it is 
jnecluded to illustrate the kind of difficulties encountered in practice. 
In addition, the curve is atypical because Q,, the heat loss necessary 
to bring about formation of ice was found exactly at 25 meters when the 
temperature of the completely mixed layer (1-4, Table 23) first dropped 
to -1.8°C. In general, Q, cannot be so easily determined, 

C. METHOD OF COMPUTING DATE OF ICH FORMATION 

There are two acceptable methods of computing the date of ice 
formation. Since the amount of heat that oust be lost before ice is 
formed 1s known from the ice potential computations, it is only necessary 
to compute the time required to lose this heat. One method is to make 
actual observations of the heat loss per day per square em. and thus to 
find the mean heat loss which is representative of a given area, The 
other method is to compute the total heat Joss by consideration of the 
climatological data, the sun's altitude, and oceanographic data. For 
this purpose the only known formas are those of Jacobs (1942), which 
yield rates of heat loss of the right order of magnitude in the Arctic, 
although they were specifically derived for middle latitudes. 

Jacobs' formlas for computing heat losses are: 

Qqp= .025 &[.29+ 71-¢ )| (@- r)ttin minutes (4) 
i60 

Qp= .94| eff. Qh (1- .00834)] }, ¢ in minutes (5) 

Qe = 145.4 w(@w~ eq) 44 Ol {ata} |e _t in days, (6) 
Léy — €g 

total incoming radiation: in gm. cal/em,~ 

total back radiation in em. cal/em.* 
total heat loss due to evaperation in gm cal./ems 

mean altitude of the sun in degrees, 

= msan cloud amount in percent, 

@ mean wind velocity in knots, 

ED) 
i) s 

iT] 

EL 

Zi Hoy] 6e) 6) 



‘ICE THICKNESS IN CENTIMETERS (]j) 
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€y = vapor pressure of the water in inches Hge, 
@g = vapor pressure of the air in inches Hg., 
Tw = temperature of the water in degrees Fo, 
Ta = temperature of the air in degrees F. a 
eff. Qp (effective back radiation) = difference between 

temperature radiation of the sea surface and long-wave radiation from the 
atmosphere , 

t = time in units designated above, and 

Yr = fractional part of the incoming radiation reflected from 
the sea surface, 

The ice potential computations determine the amount of sensible heat 
which must be removed from the water column prior to the initial formation 
of ice. For example, let this value be Q,, Then setting Q, = 9% ~ 9, - Qap 

and solving for t gives the number of days between the time that the ocean- 
ographic measurements were madé and the time ice will form. 

D. METHOD OF COMPUTING ICE GROWTH 

From the time oceanographic observations are made until the time ice 
forms, it is assumed that the heat exchange results from incoming radiation, 
back radiation, and evaporation. After ice forms, the processes by which 
heat is removed from the water column are altered considerably. Any heat 
that is then removed from the water mist be conducted through the solid 
layer of ice above it. Thus, the rate of further heat loss is determined 
by the temperature gradient through ice and snow, Hence, assuming steady- 
state conditions for finite increments of time, 

Helemelics ol (7) 
dt ieee Ss 

where , Qr is the amount of sensible heat loss (in kg. cal.), 
Q1 is the amount of latent heat loss (in kg. cal,), 

kK) is the heat conductivity coefficient of sea ice, 

Kg is the heat conductivity coefficient of snow, 
A Ty is the temperature difference between the upper surface of 

the ice and freezing point of sea water (in °C.), 
ATs, is the temperature difference between the surface of the snow 

and the surface of the ice (in °C.), 
14 is the thickness of the ice in cm, 
lg is the thickness of the snow in ci, and 
I,is the mean snow cover over a finite period of time. 

SinceAT =AT; +AT, , where A T is the temperature difference between the 
freezing Beane of sea water (taken at -1.8°C.) and the snow surface tem- 
perature, and from (7) 

Se. Kid (2) 

AT; Kel 

7 



then AT = AT, f+- k aa or AT, ie (9) 
ales Kgl 

Then (7) becomes: d(Q) +Q,) i kK, AT (10) 
k, 1 

Meat svi 

Substituting Q) =p; K1; into (10) (4, denotes ice density) 

3 dl, Qr. k, AT 

aed a Bc me 
ke ly 

ky 1, Kyl, = pik {le eh) d+ Ct} dQ, =k, ATA (22) 

1,(h) 1,(h) — 2Q_(h) 

ek [WZ azwe tf" 1,41,(Z)+ ["1(Z)da,(Z)+ 
(o) S$ °0 (6) 

k Q Ch) t 
SE eda (zk, if ATdt (13) 
Ks do ty 

Q_(h) ed K Kk Pie Pr ath) AOL eran [ "1 (Z)dQ7(2Z) +14, Op th =ky f Tp Teta) 
fe) 



The right-hand expression in equation li is usually denoted by the 
title "degree-days of frost:" A degree-day of frost is defined as a 
day with a mean temperature l-degree Centigrade below the freezing point 
of sea water. While the freezing temperature of sea water varies with 

salinity, it is here assumed to be -1.8°C. A degree-day of frost is 

then 1 day with a mean temperature of -2.8°C. Degree~days of frost 
usually are accumulated for forecasting over pericds of 15 or 30 days. 
By giving the following values to some of the terms in equation 1h: 

2 20.9 

K = .080 a 

Rise) Bane 

b= ae 

the formula can be used directly to forecast the ice in terms of degree- 
days of frost ; 

fia-nat. 
t F 
) 

Thus, for a given value of 1, all terms in the equation are known except 

1; and Qp. A given 1; and likewise the corresponding Qp, can be selected 
from the potential curve. By substituting 1; and Q, into equation (14) 
and by evaluating the area under the potential curve between the proper 

limits for the expression 

Q_(h) T 

1,(Z)d@,(Z) 
O 

the number of degree-days of frost required to form 1, centimeters of ice 

can be computed. 

To eliminate the necessity of computation, the end results of the 
derivation have been presented in the form of tables (Tables 3-12). In 
addition the integral 

oth 
fif@rda,(z) 
0 

had to be evaluated by approximation methods. It was found from the majority 

of potential curves that the integral could be approximated as 
2 

ii . 

—3~ Op(h), 



The error introduced was found to be small unless the water temperature 
was unusually high, and in most cases ice wild not form under such condi- 
tions. Since the potential curve 1,(Q,) must always be plotted, it is 
readily apparent when the above approximation is invalids in this situation 
the formla can be used. In order to facilitate substitution of the 
actual integral for the approximation, an auxiliary table (Table 13) is 
included which gives the degree-days of frost associated with various 
values of 1, and Qp- If the potential curve is very irregular, Table 13 
is entered, and by comparison with the degree-day figure computed from 
an average 1., one can determine the amount of error introduced into the 
total. Most frequently this will be found to be small, since the potential 
term is only one of four separate factors contributing to the totals how- 
ever, the actual value can be added or subtracted and a more accurate 
figure secured. 

The form of equation 14 which was used in the tables is 

t | K.2 Kk Q 
= Sa Pi fF; is, 5 fOr T)dt [ae 4 1+ fos i. + ee rf (15) 

The degree-days of frost for fixed 1, = 0) 2055 5, 75, 10, 15, 20, 30, 
40, and 50 cm. are given in Tables 3 to 12, The concept of degree-days 
has an advantage over one of calendar days because of its versatility as 
far as forecasting is concerned, Am ice forecast in days is difficult 
because it requires a forecast of air temperatures as well as ice growth, 
while the degree-day forecast permits ice growth forecasts which fit all 
sonceivable temperature variations. 

E. USE OF THE ICE GROWIH TABLES IN FORECASTING 

Forecasting the ice growth in a given area requires the following 
information: (1) oceanographic data taken after the water mass begins 
to cool and prior to ice formation, (2) the date of ice formation, and 
(3) an expression relating ice growth to degree-days of frost for the 
given area, With this information the forecaster can then proceed to 
make a forecast for the entire season. The procedure is as follows: 

(1) the ice potential of each oceanographic station is calculated and 
the ice potential curve (example, Figure 2) is drawn; (2) from available 
meteorological and oceanographic data, the date of ice formation is 
determined; and (3) the forecast is made in temns of degree-days of 
frost. 

Since the calculation of the ice petential, the date of first ice 
formation, and the ice potential curve have been previously explained, 
the remaining discussion will describe the preparation of an actual 
forecast. As before, Station #37 is used as an example. The ice poten- 
tial curve for this station is given in Figure 2. In order to draw the 
ice forecast curves for this station it is necessary to read the ice 
thickness figures corresponding to integral values of p from the ice. 

potential curve, The degree-days of frost corresponding to each combi- 

10 



nation of 14 and Qp values are read from each of the tables 3 to 12, A 

plot of ice thickness vs degree-days of frost is made from each set of 
values obtaihed from the graphs, and a smooth curve is drawn for each 
value of snow depth (1,)- An example of a completed forecast is given 

in Figure 3. In Figure 3,Q,= 1 corresponds to an ice thickness of 27 
‘em. and Qp = 2 to an ice thickness of 72 cm.on the ice potential curve 
of Figure 2. To convert the completed forecast into a time forecast the 

meteorologist must provide temperature and snow depth forecasts in order 
to secure an ice thickness forecast of 120 to 150 days for this station. 

Now let us suppose that the date of first ice formation at Station 

#37 is 12 November and that the meteorologist provides a forecast, 
including the following data for the succeeding months: 

Mean. Det eeDeye Snow 
. Temperature peer. Yl Depth Period (9c) of meee (cm, ) 

12 - 15 Nov. ~5,8 16 Q 

16 - 30 Nov. “8 15 @) 

aL = WS) Dec. -8,8 105 2.5 

16 - Sial Dec. -7.8 96 Bo) 

1 - 15 Jan. -9.8 120 (108 
16 — 31 Jan. -18.8 R72 oS 

The ice thickness for any given date may be found from the above data 
and the forecast curve. 

During the period when the snow depth is zero, the growth of ice 
will be along the upper curve on Figure 3; on 30 November, the final 
day with no snow, the total of degree-—days of frost is 16 + 45 or 61 
and the ice thickness will be 17 cm. (point A on Figure 3). 

During the month of December the ice grows under a snow depth of 
2.5 cm. from a starting point of 17 cm. This point is marked A'. During 
December a total of 105 plus 96 or 201 degree-days of frost is counted, 
so that it is necessary to follow the curve 1, = 2.5 for <0i degree-days 
of frost beyond point A', or to point B, At point 5B, reached 31 December, 
the ice thickness will be 35 cm. 

Similarly, during January the ice grows uhder a snow depth of 7.5 
em. for 120 plus 272 or 392 degree-days beyond the point B' corresponding 
to an ice thickness of 35 cm. On 31 January the point C is reached, and 

the ice thickness will be 53 em. This constitutes an operational fore- 

cast, as the user of the forecast can determine the ice thickness on any 
day between 12 November and 31 January by counting the number of degree- 
days of frost and noting the snow depth applicable to the situation. 

11 
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F. BAFFIN BAY-DAVIS STRAIT LONG-RANGE ICE FORECAST FOR SEASON 1952-53. 

During early autumn, 1952, oceanographic observations were taken at 
the locations shown on Figure 4. The method explained previously was 
employed to forecast the ice formation and growth of these locations, 
The dates of ice formation were computed and are shown beside esch sta- 
tion. Since the thermohaline structure at some of the stations was such 
that no ice would be formed, it was possible to delineate the theoretical 
extreme ice boundary shown as a heavy line ih Figure 4. This boundary 
agrees very well with the boundary which was actually ebserved in late 
March and early April 1953, (shown as a dashed line in Figure 4) except 
for the occurrence of ice south of Stations 39 and 40, It is possible 
that ice which was observed at these two stations was not formed there, 
‘but had drifted from nearby areas of ice formation, The dispersion of 
ice near the observed boundary in this area indicates that the ice 
actually was formed cutside the area. 

CONCLUSIONS 

The methods of Zubov and Defant for ice potential calculation have 
proved in practice to give reasonable answera for open ssas and for in= 
shore areas where local variations in the physical properties of the 
water are not large. In harbors and areas where runoff is important, 
changes in salinity and density are so rapid that it is difficult to 
attach a meaning to an average value of these parameters, Hence any 
ice potential calculation based on one or a few observations in a harbor 
may give a potential ice growth which is unreasonably high or low for a 
single season. 

The forecast of ice growth based on the ice potential can be used 
only during the period when ice thickness is increasing. No theory has 
been included which accounts for decreasing ice thicknesses during the 
breakup period. Indeed, no mathematical theory has yet been developed 
for the breakup of ice, 

Many refinements of the method presented in this paper are possible, 
Some of them are discussed in a paper by Brewn (1954). The method described 
here was used to forecast during the 1952-53 ice season; the forecast proved 
to be satisfactory. The most “important advancement discussed in this report 
is the use of the ice potential as a basis for forecasting ice growth. 

13 



arta 

@(34) 14|NOV. 
A 

cgnvRe 8T ROMFIOR? 

vig STRAIT 

@ 

v\) 

m 

m 

Zz 
c 

¥ 

Zz 

ov.e7) | 

22) NO ICE 

“A 
MNO ICE 

( 

aknaarseuns 5 

p42) NO ICE 

LEGEND 

FORECASTED ICE BOUNDARY 
— — OBSERVED IGE BOUNDARY y 
@ OCEANOGRAPHIC STATIONS. DATES | : : 

INDICATE GOMPUTED TIME OF =| 5 
FIRST IGE FORMATION al ane AND, 

- a 
65° 60° 

FIG. 4. FORECASTED AND OBSERVED ICE BOUNDARIES IN BAFFIN BAY AND 
DAVIS STRAIT FOR THE SEASON 1952-1953 

14 



TABLE 2A 

ICE POTENTIAL CALCULATIONS FOR STATION #37 
(66°N,58°W), 3 OCTOBER 1952 

Depth TC So > ‘|Layer Depth Mean Values co 

Meters /oo t No. (Meters) 7° 3 °/o6 t 

(0) 56 32.38 25.98 1 0-10 042 32.38 25.99 

5 10 32.36 26.00 2 10-15 05k 32.40 26.00 

10 261 32.39 25.99 3 15-20 270 32 hh 26,02 

IS) 267 32.41 26.00 4h 20-25 ohh 32.54 26.12 

20 73 32.47 26.05 5 2y3f0) -.13 32.70 26.28 

25 oil's) 32.62 26.20 6 30-35 -.6h, 32.82 26.40 

30 41 32.78 26.36 7 35-40 -1.02 32.90 26.45 

35 -.86 32.86 26.43 8 40-45 -1.34 32.98 26.51 

40 -1.18 32.9h 26,48 9 45-50 -1.58 33.04 26.59 

45 -1.50 33.01 26.54} 10 50-55 -1.65 33.14 26,70 

50 -1.65 33.08 26.64 | 11 55-60 -1,.64 33.28 26.82 

55 -1.65 33.20 26.76 12 60-65 -1.62 33.43 26.93 

60 -1.62 33.36 26.88} 13 65-70 ~1.62 33.55 27.02 

65 -1.62 33.50 26.98} 14 70-75 -1.61 33.64 27.10 

70 -1.61 33.60 27.07] 15 75-80 1.66 33.69 27-14 

75 -1.61 33.69 27.13 16 80-85 -1.76 33.69 27.14 

80 -1.72 33.69 27.14) 17 85-90 -1.80 33.69 27,14 

85 -1.80 33.69 27.14 | 18 90-95 -1,80 33.69 27.14 

90 -1.80 33.69 27.14) 19 95-100 -1.80 33.70 27.14 

95 -1.80 33.69 27.14| 20 100-150 -1.16 33.88 27226- 

100 -1.80 33.70 27.14 | 21 150-200 250 34.14 27.39 

150 -0.51 34.06 27.38] 22 200-300 78 34.28 27.50 

200 1.50 34.21 27.40 | 23 300-400 — eh 3h ohh 27.74 

300 0.06 34.35 27.60 

E -1.75 34.53 a 

TABLE 2B 

== y 

p.& | Before Mixing After Mixing 
Layer So RAG SB OKO) We OG) Soe) || ANGE Qn Or AS Ss 

32.39 | 26.00 532-39 —.Olk = Oly ee Ol! 
32.40 | 26.02 230 32.40] -.21 238 gi) © 

32.44 | 26.12 -1.80 32.44 | -2.13 4.79 Foils © 
32.48 | 26.28 -1.80 32.70] -.28 276 Deg ete eZely 

32.72 | 26.40 -1.80 32.79 | -.17 oh  ollfs (OF Boe 

32.80 | 26.45 -1.80 32.86] -.10 BB ONO SEs OMG EO 
32.87 26.51 -1.80 32.93 -.05 20 7-04 06 9.0 147.6 1.86 

32.94 26.59 -1.80 33.01 -.02 JO) Polls) fel? abla?/ S853) LSB 

33.02 | 26.70 -1.80 33.15 | -.O1 505 ol oS) 2K EBL Boo 

BBG) || 26n82i = leGO 3330) |) —cOlu GOS uy 7e3n alan i2iiy7 OLBIs 2505 
33.31 | 26.93 -1.80 33.43 | -.01 50 Wo2@) aA BRS UNNVSofh Boi 

33.44 | 27.02 -1.80 33.54] -.O1 106) 735 S100 2380 159% 217 

R5H | Gol@ <6 Bh | OR Oy” WilA WO AhoG U9 2A 
33.53 27.14 -1.80 33.70] -.O1 O) WoRL ol) Sith B53} BoB} 

SBS || ZnS SHO) SBE |] =o2 Bais) MOssvh ail) /H357/ AsO Giolla 
BoS)s) 27.39 -1.80 34.02 =.58 1044 20.78 .09 58.2 346.2 15.60 

3h..11 -1.80 34.15 | -.86 23.22 44.00 .04 38.7 384.9 38.82 27.50 
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