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ABSTRACT

The report presents sea ice data taken during the BEPERS-88 experiment in the
Bothnian Bay. Several physical properties (crystal structure, salinity, temperature,
density, porosity, and strength) are presented and analysed. In general the data il-
lustrate that sea ice is a most komplex medium with horizontal and vertical varia-
tions. Any analysis of remotely sensed data must therefore carefully consider the
ground truth data.

1. INTRODUCTION

The present investigation of the sea ice variables measured in the southern part of
the Bothnian Bay in the Baltic Sea (see Figure 1) was one of the contributions to
the ground measurement programme during the field experiment BEPERS-88
(Bothnian Experiment in Preparation for ERS-1); see also Fransson et al. (1989).
The experiment objectives were mainly to test and analyse remotely sensed image
data from a synthetic aperture radar (SAR) and to evaluate the ability of SAR for
operational sea ice mapping in the Baltic. In this context the ice core data and
other field measurements are of great importance. It is also believed that the pre-
sent set of data is of general interest for the understanding of sea ice physics in

brackish coastal seas.
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Figure 1. Overview of the Baltic area.
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Earlier studies of sea ice properties in the Bothnian Bay have been reported by
Palosuo (1961), Fransson (1983), Omstedt (1985), and Leppidranta (1987). The
works by Palosuo (1961) and Fransson (1983) were performed from the inner sker-
ries, while the works by Omstedt (1985) and Leppéranta (1987) were performed in
the open sea. For example, the crystal structure observations presented by Leppi-
ranta (1987) were sampled during the mid-winter of 1985 and illustrated that the
ice structure was mainly due to Columnar Ice. This is in contrast to the measure-
ment by Omstedt (1985) from the mid-winter of 1984, when Granular Ice (due to
Snow Ice and Frazil Ice), Columnar Ice and Mixed Ice were frequently observed.
These results illustrate that different sites and different years may give different ice

signatures with respect to the vertical ice crystal structure.

The ice formation in the Bothnian Bay skerries started normally during the winter
of 1987/88 despite the mild weather, which caused delayed ice formation in the
open sea. The whole bay was not ice-covered until late January, although new ice
covered the bay occasionally before this time; leads and cracks were present during
the whole winter. In the end of April the ice cover finally broke up during fresh
northerly winds. The time evolution of a few meteorological parameters is illustrat-
ed in Figure 2 a, where wind, air temperature, mean cloudiness and relative hu-
midity are shown. Figure 2 b illustrates the cumulative number of freezing days
during this winter. According to empirical relationships between this parameter and
ice thickness (e.g. Maykut, 1986) the level ice thickness during March 1988 was
approximately 30 to 40 cm. This was also the typical range of level ice thickness
observed in the investigation area. The daily observations of air temperature and
cloudiness made during the BEPERS-88 are shown in Figure 2 c. For example,
almost cloudless conditions occurred only on March 9, when the aerial photogra-
phy was made. The meteorological observations were made at the synoptic weather

station of Holmogadd located in the western part of Norra Kvarken.

The sea ice properties measured during March 3 and 9, 1988, included density,
salinity, temperature, pressure, and crystal structure. The methods and procedures
involved are described in the following section, whereafter the results are presented
in Section 3. Finally, a discussion concerning the spatial distribution of the para-

meters follows.
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Figure 2 a. Observations of cloudiness, humidity, temperature, wind speed and
direction during January to May at the Holmogadd weather station.
The presented data are smoothed using the running mean technique
over a 7 day period.
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2. TEST METHODS AND PROCEDURES

2.1 Area of data sampling

The investigation area was selected so that different types of ice morphology were
covered and that the areal extent of these was large enough to be identified in the
images. In the field experiment a relative coordinate system was used, which con-
sisted of deployed markers as radar reflectors, tarpaulins, and flags. The measured
positions in this coordinate system was estimated with an accuracy of a few meters
by using the DECCA navigation system and simply by taking the bearing and
distance to the marked points from the icebreaker Tor. The final size of the inves-
tigation area was selected to be 1 x 2 km with ice core sampling taken around the
periphery. The distance between the sampling positions was roughly 500 m. Addi-

tional cores were taken in collaboration with other field measurements.

BEPERS 88
TOR Intensive Study Area

T= Thin ice B (480)
H= Hummocked area
L= Levelice

(Ice thickness, snow depth)
fcm) {cm)

A(46,2)

(3911

CD 3401

(DS {~686)

Ridges
A 01=minor=05
A 05=moderate=10
AA 10=high=20 ] . . .
AL 20=very high Figure 3. Ice map of the icebreaker Tor intensive study area.
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2.2 Instruments and methods for ice core measurements

The cores were sampled in the ice with a driller of radius 0.20 m mounted on a
motor-driven apparatus. This made the sampling procedure quick, and thus allowed
several cores from the same station to be taken. Salinity and density samples along

with temperature were always taken from the same core.

The in situ temperature was recorded at the standard depths of 0.05, 0.15, 0.25,
0.35, 0.45, and 0.55 m from the ice surface. This was done in an extra drilled
hole almost reaching to the bottom of the ice. The measurements were made with
a Keithley 871 digital thermometer with the resolution of 0.1 °C. At the outdoor
ice laboratory on board the icebreaker Tor, the ice core temperature was again re-
corded before salinity and density samples were taken. The salinity samples were
melted and stored for analysis at the SMHI laboratory in Norrkdping. This was
done on the Hummon and Brown inductive coupled salinity instrument with an
accuracy of 0.02 units. The density estimates were made by using the volume and
weight method. Samples were collected with 0.10 m intervals by drilling, in the
horizontal direction, pieces from the original ice core. The volume of these pieces

was estimated from the volume formula of a perfect cylinder:
where d and 1 are the diameter and length of the cylinder, respectively. The length
scales were measured with an accuracy of 0.001 m. The mass (M) of the cylinder

was measured on the Mettler digital balance with an accuracy of 0.0001 kg. The

density estimate of the sample then follows from the expression:

p=4M/ndl (2.2.2)

The accuracy of the density estimates may be found by using the formula for the

maximum error, yielding:

Ap/p=MAM/M+2Ad/d+Al/] (2.2.3)
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Typical values of M, d, and 1 were 0.500 kg, 0.070 m, and 0.150 m, respectively.
The relative accuracy according to equation (2.2.3) is + 0.004, and the absolute ac-
curacy is * 3.5 kg/m’. It may be noted that the first and third terms on the right
hand side of equation (2.2.3) are O(10*), while the second therm (cylinder dia-
meter) is almost O(10?).

2.3 Ice strength testing

The principle of the pressure meter is very simple. The probe made of tubular
rubber membrane is filled with liquid (here anti-freeze) and expanded. If the probe
is placed in a borehole in the ice, the expansion is restricted by the ice. The probe
deforms the ice and, if the pressure is high enough, the ice crushes. Because of
the large volume of ice in the ice sheet there is no complete failure, only a vol-
ume around the probe cracks. To prevent the probe from blasting, only a limited
volume is allowed, sometimes less than needed to plastify the ice completely. It is
also important to keep the rate of deformation constant when making field tests,
since the ice strength is rate-dependent. This is partly the case if a constant rate of
volume is used when filling the probe. The pumping tempo is therefore controlled
with an electronic buzzer. The pressure of the liquid is registered by a manometer
and the volume by measuring the height in a tube connected to the reservoir. The

pressure meter is shown in Figure 5.

Figure 5. Schematic view of the pressure meter apparatus
including pump, manometer, graduated tube and a
flexible pipe. The system is filled with anti-freeze
liquid.
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The evaluation of the crushing strength from the pressure meter data can be made
by assuming that the peak pressure during a run correlates with the uniaxial com-
pressive strength. This is obtained from small horizontal samples taken close to the
pressure meter boreholes. Strain rate and temperature should be kept as close to
the field testing conditions as possible. The assumption made by Michel and Hodg-

son (1982) was that the correlation could be written:

o.=p /¢ (2.3.1)
Here o, is the crushing strength, P, the yield pressure from the pressure meter tests
and c; a constant for each ice type. Values on the constant c; were found by
Michel and Hodgson for freshwater ice close to the melting point; these are shown

in Table 2.3.

Tabell 2.3. The correlation constant c; for freshwater ice at 0 °C.

Type of ice Pressure meter yield Crushing* C
strength (MPa) strength (MPa)
S2 120 £ 1.0 3.0 4
S1 141110 4.7 3
T1 56123 23 2.5
T3 128 £ 1.6 4.2 3

* The laboratory tests were done at another temperature than the pres-
sure meter test and corrected (somewhat arbitrary) to the field tem-
perature.

The properties of the low salinity sea ice close to the lighthouse of Nordstroms-
grund have been examined by the Luled University of Technology during a three-
year period 3 to 5 times a year (Danielsson et al., 1988). At two occasions also
pressure meter tests were carried out. Ice thickness, temperature, density, strength

were determined at each 10 cm of the sheet. The average strength was compared



to the yield stress obtained from an average curve of six pressure meter tests. The
total pressure was reduced by a seating pressure corresponding to the membrane
resistance. From these two tests the constant ¢, was determined as 4.4 and 4.5
respectively. These values are in good agreement with the findings of Michel and
Hodgson (1982), who suggested c, = 4 for S2-ice.

2.4 Crystal structure analysis

The ice crystal structures were investigated in a similar manner as those presented
by Omstedt (1985). Vertical thin sections from the ice cores were prepared on
board the icebreaker Tor. The ice specimens were then put on a polarizing table,

where photographs were taken.

3. RESULTS

In the present section some results are briefly shown; all basic data, however, are
presented in Attachments A to C. The classification of ice crystal structure, photos
of the crystal structure including positions and the temperature, salinity, and densi-
ty along with calculations of porosity are presented in Attachments A, B, and C,

respectively.

3.1 Crystal structure

Several classification schemes on ice crystal structure are available today (e.g.
Michel, 1978, and Cox et al., 1984), but they all seem to be rather unsatisfactory
to use. The complex crystal structure in sea ice with multi-layered ice of different -
origins causes several problems in determining crystal type. For example, the dis-
tinguishing between Snow Ice and Frazil Ice can be difficult due to rafting and
ridging. Hence, in the present work only Granular Ice (which can either be of

snow or ice origin) and Columnar Ice are distinguished.
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Figure 7. Mean salinity and density profiles.

was less scattered around the mean, reaching almost the estimated accuracy of the
measurements. Note, however, that in the rest of the data the standard deviation
for both salinity and density exceeded the accuracy of the salinity measurements
and the calculated maximum error in the density estimate, respectively. Hence, the
standard deviation of salinity and density indicates a dependence on physical con-

ditions.

3.3 Temperature

The ice core in situ temperature data are horizontally averaged using ice core data
sampled during a single day. The vertical profile of ice temperature for each day
was almost linear with a slope of 5.0 °C/m, according to Figure 8. During this
period the sea water surface temperature and salinity were -0.2 °C and 4.0 PSU

respectively, which is the freezing point of sea water at this salinity.

TEMPERATURE
B A B B ST
DEPTH — (C)
10-
o 4/3 913
573
m_
40-
50-

\J
(10'2m) Figure 8. Mean temperature daily profiles.
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3.4 Brine and gas volume

The porosity of ice is an important physical quantity, determining its mechanical,
electrical and thermal properties. The porosity of sea ice involves both gas (air)
and brine volumes. These are complicated to measure and only a few investiga-
tions have been done so far (e.g. Nakawo, 1983). Instead, the attention has been
concentrated on methods for calculating the porosity from measurements of salini-
ty, temperature and density (e.g. Cox and Weeks, 1983, and Schwerdtfeger, 1963).

The sea ice found in the Baltic Sea is of brackish water origin and, in some sker-
ries with river water runoff, of fresh water origin. Hence, ice salinity may vary
between zero and a few PSU. The winter climate in the area is varying with warm
weather conditions occurring frequently, and sea ice temperatures just below zero
are therefore not unusual. To obtain the sea ice porosity, especially at these tem-
peratures and salinities, the method developed by Schwerdtfeger (1963) is used in
the present study. This method was briefly reviewed in Hékansson and Thompson
(1988) and used for porosity estimates at a site in the western part of the Bothnian
Sea during the BEPERS PILOT STUDY 1987.

The equations for relative gas and brine volume were found to be:

V.=1-p/pulp./p: (1-S/1000) - (-55.1 /©) (pu-p) / p: (S/1000)]  (3.4.1)
v, = -55.1 p S / (p, © 1000) (3.4.2)
Here p, S and © are the ice density (kg/m®, salinity (PSU) and temperature ('C),

respectively. p, is the water density (= 1000 kg/m®) and p; is the fresh ice density
(= 917 kg/m®), which is assumed to be temperature-independent.
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The density calculations were based on measurements carried out at the ship labo-
ratory. In general the laboratory temperature of the ice differed from the in situ
temperature. Porosity estimates based on the laboratory temperature are therefore
not exactly the same as those of in situ porosity. Theoretical relationship of the
porosity dependence on the temperature is given by Cox and Weeks (1983). In the
present investigation, however, it is assumed that this temperature dependency is
negligible, and the porosity can be calculated using the in situ temperatures and
densities and salinities determined in the laboratory. The horizontally mean and
standard deviations of these calculations are shown in Figure 9.

BRINE VOLUME - GAS VOLUME
DEPTH DEPTH
10- 10+
l_
204 20+
30 304

50 | 504

y

(10

m) | (10%m)

Figure 9. Mean brine and gas porosity profiles.

3.5 Strength

Pressure meter tests were carried out at each of the 10 stations in the intensive
study area. The peak pressure was measured in six holes evenly spaced along a
circle with a radius of about 4 m. In Table 3.5., the average pressure from each
station together with ice thickness, probe depth, and ice temperature at the actual

test level are given.

(ppt)
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Tabell 3.5. Index strength.

Station Ice Probe Ice Peak Index
No. thickness depth temp.  pressure strength
(cm) (cm) ©) (MPa) (MPa)
AB1 4+ 2 23 -2.8 119 3.0
AB3 41 = 1 22 -3.5 119 3.0
ABS 61 £ 30 15 -0.7 6.5 1.6
AB7 3+ 1 26 2.2 8.9 22
DA3 41 = 1 20 -14 9.1 23
BC3 28+ 0.5 12 -2.1 6.7 1.7
CD9 49+ 1 25 2.2 9.0 23
CD7 48 5 22 24 9.9 25
CD3 39+ 1 20 -2.6 9.6 24
CDh1 40 1 20 -1.5 7.8 19

Mechanical tests of ice are intended to give information on the strength of the ma-
terial, in this case the crushing strength. However, since the variation of the pro-
portionality factor (c) of eq. (2.3.1) is not known for the ice types found during
this experiment, a constant value of 4 for a similar ice type is used to correlate
the measured yield pressure with the crushing strength. This estimate of the
‘strength of the material is referred to as the index strength. To improve the knowl-
edge of the factor c; further it is necessary to investigate the stress field around the
probe in more detail than was possible in this study.

An attempt is made to relate the variation of index strength with ice porosity and
temperature. From a practical point of view, porosity is usually expressed as brine
volume or even the square root of the brine volume, but strictly speaking it also
includes the air volume. The air volume is negligible compared with the total po-
rosity only for ice salinities greater than 3 to 5 PSU. In Figure 11 the index
strength is plotted against brine volume and the sum of brine and gas volume,
whereas in Figure 11 the index strength is plotted against temperature. These re-
sults indicate that this study does not provide enough information, which can ex-
plain the variation of index strength. Nevertheless, the general form of the curves
in Figures 10 and 11 follows the trend of increasing strength with decreasing po-
rosity and temperature observed elsewhere.
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4. DISCUSSION

In the present section, an attempt is made to analyse the surface ice structure using
the parameters of porosity, density, and crystal structure, so that the spatial dis-
tribution can be qualitatively described. The sum of the brine and gas volumes
constitutes the porosity. The density and porosity estimates taken from 0.05 and
0.15 m below the ice surface are given in Figure 12, a and b. There is a general
decrease of density with increasing porosity, although the regression analysis sug-
gests a slightly different dependence at 0.05 and 0.15 m. This is probably due to
different salinity and temperature at the two depths. A comparison of these results
with crystal structure classification shows that sea ice with a density above 900
kg/m® and a porosity below 0.05 are of Columnar and Mixed structure, whereas ice
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Figure 12. Variation of density and porosity at 0.05 m and 0.15 m from the sea
ice surface.

with a density below 900 kg/m® and a porosity above 0.05 is Granular in structure.
At 0.05 m both Granular, Mixed or Columnar Ice are present, but at 0.15 m Co-
lumnar and Mixed Ice dominate. Two point measurements (CD3 and CD7) have
been exluded in this analysis; these are classified as Granular but have density and
porosity similar to the Mixed and Columnar Ice. The reason for this is not known,
but since the sea ice occured layered with many floes over each other at CD7, the
surface layer is hydrostatically lifted, and this may cause the salt to be drained and

the gas volumes to be refrozen. In the core from CD3 the measurements made at
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0.05 m are from a zone where both Granular and Mixed Ice appears, and therefore
they can not be clearly distinguished with respect to this ice structure scheme.
Also the porosity at 15 cm depth at BC3 appears unrealistic, apparently due to the

high temperature.

The sea ice can also be characterized using vertical averaged porosity and ice
thickness. In Figure 13 the dependence between these two parameters is illustrated.
Note, however, that the data from CD3, CDS5, and CD7 are excluded, since the
total ice depth was larger than the length of the drilling device and was therefore
not properly measured. Nevertheless, the relation suggests that porosity increases
with decreasing thickness. This is in agreement with the general idea that thin ice
represents young ice with higher salinity and brine volumes than thick older ice.
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Figure 13. Variation of vertical averaged porosity and ice thickness taking all
data points into account except CD7 and CD9, at which the total ice
thickness was not measured due to ice floe layering.

5. SUMMARY AND CONCLUSIONS

This investigation aimed at measuring the vertical and horizontal distribution of sea
- ice physical properties. In general, the measuring technique produced high quality
data, including both in situ and laboratory measured temperature, so that porosity
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calculations can be compensated for the temperature history of the sample when
salinity and density are determined at the laboratory. Especially the calculation of

density was successful with an obtained relative accuracy of 0.4 %.

The mean vertical distribution of properties found in this study agrees with other
measurements carried out in the Gulf of Bothnia, whereas the horizontal variations
at meso scale are less known. An attempt to distinguish these at the sea ice sur-
face in the intensive study area, on the basis of the above discussed correlation of

parameters is made. In this case the northwestern part (including measurement
points AB5, AB7, and AB9) contains ice of high density and low porosity which
is classified as either Columnar or Mixed Ice. In the remaining area Granular Ice
dominates, which contains porosities higher than 0.05 and densities lower than 900
kg/m’,

However, the sample sites were too dispersed to distinguish the one kilometer
scale variability of physical parameters in depth. This probably requires more so-
phisticated measuring devices to speed up the time of sampling. There is also a
need for sampling many cores at the same site to investigate the very narrow vari-
ability.
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Attachment C

ICE CORE TEMPERATURE, SALINITY, DENSITY,
AND POROSITY






ATTACHMENT C

Sea ice core data sampled at TOR during BEPERS-88. Included are also porosity
calculations using the method of Schwerdtfeger (1963) (see text). The in situ and
laboratory measured ice temperatures are denoted Temp,and Temp, respectively.

Station Datum Depth Temp; Temp, Density Salinity Brine Gas
(m) °O (°C) (kg/m’) (PSU)
T1C 880302 5 0.0 0.0 896.7 0.74
15 0.0 0.0 916.5 0.50
25 0.0 0.0 918.2 0.23
T2 880302 5 0.0 0.0 904.6 1.62
10 0.0 0.0 917.6 0.31
25 0.0 0.0 9143 0.35
T3 880303 5 2.4 0.0 902.5 0.83
15 2.2 0.0 903.9 0.67
25 -1.6 0.0 884.6 0.46
35 0.0 0.0 882.5 0.39
AB1 880304 5 -3.2 -3.9 868.7 0.93 0.014 0.055
15 2.7 -4.1 908.8 0.91 0.017 0.011
25 -2.2 -4.0 903.1 046 0.010 0.017
35 -14 -34 916.5 0.73 0.026 0.004
AB3 880304 5 -3.2 3.0 886.5 1.01 0.015 0.036
15 3.0 -3.1 912.4 072 0.012 0.007
25 23 -3.4 916.4 033 0.007 0.002
35 -1.7 -33 918.2 0.67 0.020 0.001
ABS 880305 5 -1.6 2.1 908.1 0.80 0.025 0.013
15 -1.1 2.0 910.4 0.39 0.018 0.009
25 -0.8 -1.7 906.8 0.74 0.046 0.016
35 -0.6 -1.3 910.3 0.48 0.040 0.011




Station = Datum Depth Temp; Temp, Density Salinity Brine Gas
m) (°C) (°C) (kgim’) (PSU)

AB7 880305 5 -2.1 -25  907.8 090 0.021 0.013
15 -1.5 -25 -9148 042 0.014 0.004
25 -1.2 -2.1 899.0 0.82 0.034 0.023
35 -0.5 -19 9111 0.63 0.063 0.013
AB9 880309 5 0.0 3.3 9064 1.31
15 0.0 33 9017 1.45
25 0.0 -33 9101 0.84
35 0.0 -32 9112 0.67
45 0.0 -3.5 8712 0.80
BC3 880309 5 -1.2 -3.6  916.1 099 0.042 0.006
15 -0.2 -3.6 9146 1.04 0.262 0.027
CD1 880309 5 -1.6 26 9097 0.66 0021 0.010
15 -1.3 -29 95089 044 0017 0.011
25 -0.7 3.0 9093 0.61 0.044 0.013
35 -0.7 -28 9145 0.30 0.022 0.005
CD3 880309 5 -1.8 -32  903.8 1.09 0.030 0.018
15 -1.1 -3.1 9115 0.53 0.024 0.009
25 -0.4 -29  916.6 049 0.062 0.007
35 -0.2 -3.0 9169 0.59 0.149 0.014
CD5 880305 5 -2.6 -1.9 8719 1.17  0.022 0.052
15 2.1 -1.8 9156 043 0.010 0.003
25 -1.6 -1.9 9122 041 0.013 0.007
35 -1.0 -2.1 8853 0.88 0.043 0.039
45 -0.4 -1.8 7768 099 0.106 0.163
CD7 880305 5 -2.7 -1.8  906.3 0.67 0.012 0.013
15 -2.5 -19 8466 049 0.009 0.078
25 -2.0 -1.8 9150 0.52 0.013 0.004
35 -1.2 -1.9 9029 0.77 0.032 0.019
45 -1.2 -1.8 9141 049 0.021 0.006

55 04 .19 8641 096 0114 0.069




Station = Datum Depth Temp, Temp, Density Salinity Brine Gas
m (O (°C) (kg/m’) (PSU)

CD9 880305 5 -2.2 -22 8433 1.01  0.021 0.083
15 -1.8 22 8970 1.00  0.027 0.025
25 -0.5 22 9115 029 0.029 0.009
35 -0.6 -1.3 9055 0.54 0.045 0.017

DA3 880305 5 -2.4 21 8770 1.65 0.033 0.048
15 -1.3 22 9107 0.71  0.027 0.010
25 -0.9 2.1 9129 040 0.022 0.007
35 -0.5 -1.5 9131 0.56 0.056 0.010

X 880309 5 0.0 -14  911.6 0.64
15 0.0 -1.2 908.1 0.74

25 0.0 -0.7 9156 0.37

S30 880306 5 -1.7 -04  868.1 0.80 0.023 0.056
15 -14 -09 9121 0.63 0.023 0.008
25 -0.8 -1.5 9177 036 0.023 0.002
35 -0.7 -02 9177 0.66 0.048 0.004
S50 880306 5 -3.1 -1.6 8744 1.00 0.016 0.049
15 -2.1 -0.8 9123 043 0.010 0.006
25 -14 -0.6 9175 0.37 0.013 0.001
35 -0.7 -0.6 9175 0.80 0.058 0.005
S70 880306 5 -23 -19 8983 0.88 0.019 0.023
15 -1.8 -1.8 9150 0.65 0.018 0.004
25 -12 -14 9164 0.30 0.013 0.002
35 -0.6 -09 9184 0.61 0.051 0.004
T25* 880308 5 -1.3 26 9114 0.52 0.020 0.008
15 -1.1 24 9093 0.88 0.040 0.013
25 -0.7 27 9074 0.57 0.041 0.015
35 -0.6 27 909.6 0.48 0.040 0.012
45 -0.2 24 8904 0.56 0.137 0.042

* TUP AND DOWN?



Station  Datum Depth Temp; Temp, Density Salinity Brine Gas
m (°C) (°C) (kgim’) (PSU)

T55 880308 5 -0.6 -2.6 8675 0.53 0.042 0.058
15 -0.4 -22 900.7 0.37 0.046 0.022
25 -0.4 -24 8674 036 0.043 0.058
35 -0.4 -25 8723 028 0.034 0.052
45 -0.4 -2.6 8538 0.28 0.033 0.072
T75 880309 5 -2.6 23 9076 1.47 0.028 0.014
15 -1.5 -23 9141 055 0.018 0.005
25 -0.8 21 9156 0.47 0.030 0.005
35 -0.2 -24 9112 0.63 0.158 0.021

020 880310 15 0.0 -04 8731 0.39

25 0.0 -04 9049 0.52
35 0.0 -04 8405 0.47
45 0.0 -03 8547 0.44
021 880310 5 -4.8 20  856.6 071  0.007 0.067
15 -49 -20  876.6 052 0.005 0.045
25 -4.8 -20 7523 031 0.003 0.180
023 880310 5 -2.0 -1.8 8449 1.00  0.023 0.082
15 -1.6 -14 9106 0.44 0.014 0.009
25 -1.0 -1.5 91441 0.31 0.016 0.005

35 -0.4 -09  918.1 078 0.099 0.008
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