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Table 1. Current values and turbulence intensities on April 22
and 23, 1990 in Hudson Bay, Canada

s Dentl Current Turbulence Intensity
ﬁgn Date titrifat egt ! Azimuth Speed o1 ag oy g3
sy ) ey w077

2-3 April 22 14:39 0.10 317 4.8 0.085 0.111 0.038 0.45
2- 4 April 22 14:46 0.30 310 7.1 0.047 0.083 0.026 0.55
2-5 April 22 14:52 0.60 327 6.8 0.007 0.092 0.021 3.00
2-13 April 22 15:47 2.60 39 6.5 0.034 0.013 0.020 0.59
2-14 April 22 15:53 2.10 35 5.6 0.064 0.035 0.031 0.48
2-15 April 22 15:59 1.60 21 6.7 0.048 0.052 0.015 0.31
2-16 April 22 16:05 1.10 23 6.7 0.062 0.069 0.021 0.34
2-17 April 22 16:14 0.60 321 7.0 0.032 0.116 0.043 1.34
2-18 April 22 16:20 0.30 7 7.1 0.065 0.102 0.042 0.65
2-19 April 22 16:26 0.10 3 5.2 0.086 0.158 0.046 0.53
2-20 April 22 16:33 0.05 5 5.6 0.144 0.251 0.045 0.31
4-3 April 23 13:44 0.10 201 4.0 0.112 0.111 0.041 0.37
4— 4 April 23 13:50 0.20 194 4.0 0.122 0.119

4- 5 April 23 14:04 0.30 174 2.7 0.064 0.161 0.048 0.75
4- 6 April 23 14:10 0.40 172 2.7 0.063 0.162 0.039 0.62
4- 7 April 23 14:17 0.50 173 2.4 0.093 0.155 0.034 0.37
4- 8 April 23 14:23 0.60 188 2.7 0.077 0.095

4- 9 April 23 14:30 1.10 183 3.2 0.099 0.119

4-10 April 23 14:37 1.60 166 4.0 0.035 0.136 0.029 0.83
4-11 April 23 14:45 2.10 167 4.5 0.048 0.125

4-12 April 23 14:53 2.60 169 4.5 0.041 0.154 0.027 0.66
4-13 April 23 15:03 3.10 178 3.9 0.105 0.184

4-14 April 23 15:09 3.60 171 4.4 0.052 0.120

4-15 April 23 15:16 3.10 137 3.7 0.005 0.164

4-16 April 23 15:22 2.60 97 3.6 0.090 0.078 0.030 0.33
4-17 April 23 15:29 2.10 94 3.5 0.061 0.059 0.019 0.31
4-18 April 23 15:35 1.60 78 3.0 0.124 0.061 0.045 0.36
4-19 April 23 15:41 1.10 81 2.9 0.080 0.034

4-20 April 23 15:48 0.60 83 2.6 0.122 0.039 0.052 0.43
4-21 April 23 15:54 0.20 83 1.2 0.318 0.092

* EST: Eastern Standard Time.
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Summary

Measurements were made of the three-dimensional current, temperature and salt
regime in the frictional boundary layer under landfast ice in southeast Hudson Bay
during late April, 1990. Turbulence intensities in the boundary layer were discussed
as functions of current speed and of depth. Time series of momentum, heat and salt
fluxes were obtained during the diurnal tidal period. The experimental site was
located about 24 km offshore of the mouth of the Great Whale River (Fig. 1).

For measuring turbulence intensities, a three-dimensional ultrasonic current meter
(Union Engineering Ltd., Minilab Model SD-10) was installed on a frame fixed to the
ice (Fig. 2). The current meter traversed vertically from the ice-water interface down
to a depth of about 4m beneath the 1.4m thick flat ice. During this experiment,
measurements were taken at fixed depths between 0.05 and 3.6 m from the bottom
surface of the ice. Five minute time series of the current regime were collected at
each of the desired depths. Those records were then used to calculate turbulence
intensities (0,/U, 05/U, a,/U).

To measure momentum, heat and salt fluxes the ultrasonic current meter and a
qonductivity-temperature meter (Union Engineering Ltd., Model RD-CT) were installed
on the frames fixed to the ice (Fig. 2). Time series of 10-min moving averaged
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currents, momentum, heat and salt fluxes were recorded on a data logger after analysis
(Fig. 3).

Time series of salinity, temperature and currents were obtained using an Aanderaa
current meter at a depth of 25 m from the bottom surface of the ice (Fig. 4). Semi-
diurnal tides dominated the variability during the period of the experiment. Ice melt
started around May 10, with a corresponding increase in freshwater runoff from the
Great Whale River. This led to a decrease of salinity, an increase of temperature
and a strong northward component of the current.

Shown in Fig. 5 are typical CTD profiles obtained by a Sea-Bird Model SBE-19
on April 23 and 28. Current profiles were made on April 22 and 23, while flux
measurements were made from April 28 to 29. Both temperature profiles in Fig. 5
show that the temperature of the upper 6 m layer of the water column was constant
and at the freezing point.

Summarized in Table 1 are the mean current speeds, directions and turbulence
intensities. The duration for each run was about 5 min.

The turbulence intensity is shown as a function of current speed in Fig. 6.
Comparison with data collected in 19882 and 1989% at a nearby site is also shown in
Fig. 6. The values obtained from this study are similar to those obtained in 1988
and 1989, The values of the vertical turbulence intensity, a;/U, are less scattered than
those of the horizontal ones, /U and o,/U.

The turbulence intensity is shown as a function of depth in Fig. 7. As in Fig. 6,
comparisons with data collected in 1988% and 1989® are also shown. Values obtained
in 1990 were consistent with those observed in 1988 and 1989. The turbulence inten-
sity, /U, decreased with depth down to about 1 m. Thereafter, it increased gradually
with depth. This suggests that the thickness of the skin frictional boundary layer
was about 1 m. The turbulence intensity, a;/U, decreased gradually with the depth.

Time series of 10-min moving averaged currents, momentum, heat and salt fluxes
were recorded at a fixed depth of 0535 m (Fig. 8). They indicate that variations in
current at higher frequencies than tides correspond to those in momentum flux. Using
the roughness Reynolds number, Rex=30 zgus/v, hydrodynamically rough flow is found
for Resx>70. A typical value of the roughness parameter for this study is 2,=0.2 cm,
which corresponds to C,=0.005. The flow regime in the boundary layer will become
hydrodynamically rough flow at #4+>02cm/s and z=02cm. Thus, the flow regime
in the boundary layer may change from smooth to rough flow when wux>0.2cm/s.
Values exceeding 0.2 cm/s appear intermittently in the boundary layer.

It is indicated that variations in heat and salt fluxes are small, because tempera-
ture and salinity were almost constant with time, thus the fluctuations of temperature
and salinity, which are components of heat and salt fluxes, respectively, were small

(Fig. 8). The value of 102 Wm™ for heat flux, Fu=pCptw [eq. (2)], was calculated by
using a typical value of zw=25%x10"°Kms™ in Fig. 8.



