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1. Introduction

To investigate characteristics of intraseasonal to interannual variations of
oceanographic conditions under fast ice in Liitzow-Holm Bay, several oceanographic
observations and mooring experiments have been carried out since 1998 by the Japanese
Antarctic Research Expedition (Aoki and Hashida, 2001).  During the 40th Japanese
Antarctic Research Expedition (JARE-40) in winter, vertical profiles of temperature,
salinity and total inorganic/organic carbon concentrations (TIC/TOC, hereafter) in the
water column were occasionally observed at several sites. ~ Chlorophyll a biomass in
the sea ice was also measured.  Continuous records of water temperature, current
velocity and direction were obtained with a mooring array, which was composed of
temperature recorders, current meters, an automatic water sampler and a time-serial
sediment trap.

In this report, we present the vertical profiles of temperature, salinity and
TIC/TOC concentrations in water column and chlorophyll @ biomass in sea ice at
several stations in Liitzow-Holm Bay, and temporal changes of temperature, as well as
current and TIC/TOC concentrations in water at nearly the center of Ongul Strait.  We

also present information on sea ice conditions.
2. Study area
Sea ice in Liitzow-Holm Bay stably covered the sea surface; however, the

thickness changed remarkably during JARE-40 over the wintering period. At the
beginning of autumn (March) the sea ice thickness in central Ongul Strait was a few ten



centimeters; it grew more than 100 cm during the winter, and then the thickness
remained stable until the end of our observations (November). Additional
information on the sea ice condition in Liitzow-Holm Bay is given by Tsuchiya (2000).
Observations were carried out in Ongul Strait, and at a few stations off
Langhovde, Honner Submarine Valley and Telen Submarine Valley (Fig. 1).

Locations of observation stations and observed items are listed in Table 1.

3. Vertical observations and sea ice surveys

Vertical profiles of temperature and salinity were obtained with a CTD-profiler
(SBE-19, Seabird Co.). The accuracy given by the manufacturer is 0.01°C in
temperature and 0.01 mmho/cm in conductivity.  Sensors were calibrated by the
manufacturer just before our field use.  Correction for the temperature and salinity
data using water samples collected from our stations was attempted, however, we could
not take reliable samples under severe field conditions. = When the water was exposed
to the severely cold atmosphere after sampling, the water temperature started to
decrease immediately and the water froze even in the water sampler. Therefore, we
have listed the raw data obtained in Table 3 and Fig. 2 (see Aoki and Hashida, 2001).
Sea ice thickness, snow depth and chlorophyll a/phaeo-pigments concentrations in sea
ice were also measured and listed in Table 2. For measurement of pigments in the sea
1ce, an ice core was sampled with an ice auger (inside diameter, ca. 7.5 cm) from each
observation site.  The ice cores were transferred to a laboratory in Syowa Station.
Then a whole core from each station was crushed and allowed to melt in several hours
in darkness at room temperature (ca. 15°C).  The melt water from each core was
mixed gently, and particles in the melt water (algae) were collected onto a glass fiber
filter (GF/F, Whatman Co.). The collected samples were extracted in organic solvent
(N,N-dimethylformanide, DMF), and chlorophyll @ and phaeo-pigments were
fluorometrically determined (Parsons et al., 1984).  Total inorganic/organic carbons
(TIC/TOC) were also measured using the water samples collected by vertical sampling
with Niskin bottles as shown in Table 4. The Model 1010 TOC Analyzer (OI
Analytical Co.) was used for this purpose. = TIC and TOC determinations were
performed by wet oxidation: TIC was determined by measuring the carbon dioxide
released when a sample was acidified by a nondispersive infrared detector (NDIR) that
had been calibrated to directly display the mass of carbon dioxide detected. = After the
sample had been acidified and purged of TIC, sodium persulfate was added and digested
the containing TOC into carbon dioxide at 95-100°C. And then the purged carbon



dioxide was detected quantitatively by the NDIR, too. = The accuracy given by the
manufacturer is <2% of the determined values.  Further information about analytical
procedure is given elsewhere in the manual supplied by the manufacturer (OI Analytical
Co.).

4. Mooring experiment

Mooring experiments were carried out in central Ongul Strait at St. K.  The
first mooring experiment was started on 14 May and ended on 28 July, and the second
experiment was started on 31 August and ended on 26 November 1999.  The mooring
array design is drawn in Fig. 3.  An automatic water sampler (Clean-Water Sampler
NWS-11CS, Nichiyu-Giken Co.) with a water temperature recorder (NWT-SN,
Nichiyu-Giken Co.) was suspended at depth 10 m and a time-serial sediment trap
(SMC-500, Nichiyu-Giken Co.) with a temperature recorder (NWT-SN, Nichiyu-Giken
Co.) was installed at 230 m depth. =~ Two Acoustic Doppler Current meters with
conductivity, temperature and turbidity sensors (RCM-9, AANDERRA Co.) were fixed
at 15 m and 240 m depths. Seasonal temperature data from the two NWT-SN
recorders (logged at 10-min interval) are drawn in Fig. 4, and that from the two current
meters (logged at 30-min interval) were drawn in Figs. S and 6.  Figures S and 6
describe the seasonal changes of current direction and current speed, respectively.
Monthly changes of the direction and speed are also drawn in Fig. 7. Daily averaged
temperatures and current velocities from 2 depths are listed in Tables 5 and 6,
respectively.  An aliquot of water samples obtained from the automatic sampler was
used for the determination of TIC/TOC concentrations applying the same determination
method as mentioned in the previous section.  The results are shown in Table 7 and
Fig. 8.
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Fig. 1. Observation sites occupied by JARE-40 in 1999.
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Fig. 2-1. Vertical profiles of water temperature
(solid line) and salinity (dotted line)
at St. L3 on 1 October 1999.
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Fig. 2-3. Same as Fig. 2-1 except St. M

on 11 August 1999.
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Fig. 2-2. Same as Fig. 2-1 except St. A

on 11 August 1999.
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Table 1. Locations of stations where oceanographic observation and sampling
were carried out. nd in the depth column indicates no data.

Stations Lt;titude, S Longitude, E Depth Observations
(Deg. Min. Sec.) (Deg. Min. Sec.) (m)
K 68 59 45 39 40 00 615 Mooring, ice
survey
L3 69 00 14 39 4017 623 CTD, 1ce survey
L8 69 01 37 3940 15 nd ice survey
L13 69 02 59 394013 nd ice survey
L18 69 04 24 39 40 12 nd 1ce survey
L23 69 05 45 39 40 09 nd 1ce survey
L28 69 07 07 39 39 53 nd ice survey
L33 69 08 29 393816 nd ice survey
L38 69 09 51 39 36 42 nd ice survey
L43 691112 39 36 04 nd ice survey
L48 691245 39 3553 nd ice survey
L53 691408 39 35 46 nd ice survey
A 69 14 56 39 35 43 183 CTD, 1ce survey
M 69 15 00 393000 373 CTD, ice survey
Svi1 69 21 00 393535 678 CTD, ice survey
SK21 69 34 57 39 25 57 977 CTD, ice survey

Table 2. Ice thickness, snow depth and chlorophyll a and phaeo-pigments in
sea ice at the ice survey stations. nd indicates no data.

Stations Date Ice thickness Snow depth Chlorophyll 2 Phaeo-pigments

(DD-MM) (cm) (cm) (mg/m?) (mg/m2)

K 14-May 70 6 nd nd
K 28-Jun. 135 60 nd nd
K 25-Now. 110 55 10.53 1.68
L3 21-Oct. 140 40 6.55 3.05
L8 21-Oct. 153 17 11.26 1.40
L13 21-Oct. 150 2 21.82 1.36
L18 21-Oct. 142 12 4.62 1.61
L23 21-Oct. 152 14 9.85 2.21
L28 21-Oct. 165 0 27.57 3.06
L33 21-Oct. 165 0 7.73 0.38
L38 21-Oct. 112 38 2.58 1.41
L43 21-Oct. 157 0 1.93 0.23
L48 21-Oct. 152 0 8.97 0.99
L53 21-Oct. 163 3 12.67 3.45
A 11-Aug. 135 0 3.29 3.24
A 16-Oct. 140 0 4.44 0.34
A 23-Nov. 150 0 nd nd
M 11-Aug. 155 3 437 3.89
Sv11 23-Sep. 160 10 4.08 3.67
SK21 15-Oct. 155 17 4.23 1.40




Table 3. CTD observation data.

Station: L3
Date: 1-Octorber, 1999 Time: 09 40 (LT)
Depth Temperature Salinity Sigma-T
(m) (oC) (PSU)
5 -184 34.02 27 39
10 -1.84 3402 27.39
20 -1.83 34.02 27.39
30 -1.79 34.02 27.39
50 -174 34.05 27.41
75 -1.70 34.09 27.44
100 -164 3413 27.47
125 -1.59 34.19 27.51
150 -1.56 34.21 27.53
200 -1.55 34.23 27.55
250 -1.53 34.25 27 56
300 -1.52 34.26 27.57
400 -1.52 34 27 27.58
500 -1.52 3428 27.58
600 -1.51 34.28 27 59
Station: A
Date’ 11-August, 1999 Tame- 39 40 (LT)
Depth Temperature Sahmty Sigma-T
(m) (oC) (PSU) -
5 -1.85 33.95 27.33
10 -185 33 95 27.33
20 -1.85 33.95 27.33
30 -1.85 3395 27.33
50 -1.84 33 96 27.33
75 -1.79 33.99 27.36
100 -1.68 3407 27.42
125 -1.64 34.14 27.48
150 -1.63 3416 27.49
174 -1.62 34.17 27.50
Station- M
Date: 11-August, 1999 Time- 14:40 (LT)
Depth Temperature Salinity Sigma-T
(m) 0 (PSU)
5 -1.84 33.92 27.30
10 -1.84 33.92 27.30
20 -1.83 33.92 27 30
30 -1.84 33.92 27 30
50 -1.83 33.92 27.30
75 -1.77 33.98 27.35
100 -1.71 34.07 27.42
125 -1 66 34.10 27.45
150 -1.63 34.14 27.48
200 -161 34.19 27.52
250 -1.60 34.22 27.54
300 -1.57 34.25 27.56
350 -1.57 34.25 27.56




Table 3. Continued.

Station. SV11

Date: 23-September, 1999 Time: 12:40 (LT)
Depth Temperature Salinity Sigma-T

(m) ©0) (PSU)

5 -1.84 3399 27.36
10 -1.84 34.00 27 37
20 -1.84 34 00 27 37
30 -1.82 34.01 27.38
50 -1.81 34.02 27.38
75 -1.64 34.08 27 43
100 -1.568 34.13 27.47
125 -1 58 3416 2749
150 -1.58 34.18 27.51
200 -1 56 34.23 27 55
250 -1.563 34 25 27.56
300 -1.49 34.27 27.58
400 -1.45 34.31 2761
500 -1.30 34.35 27.64
600 -0.79 34.44 27.69

Station: SK21

Date: 15-October, 1999 Time- 12:30 (LT)
Depth Temperature Salinity Sigma-T

(m) (oC) (PSU)

5 -1.84 34.00 27.37
10 -1.84 34.00 27.37
20 -1.84 34.00 27.37
30 -1.84 34.00 27.37
50 -1.66 34.08 27.43
75 -1.53 34.13 27.47
100 -1.55 34.17 27.50
125 -1.55 34.20 2752
150 -152 34.23 27.55
200 -1.44 34.27 27.57
250 -1.41 34.30 27.60
300 -1.36 34.32 27.62
400 -1.07 34.37 27.65
500 -0.80 34.45 27.70
600 -0.54 34.49 27172
700 -0.28 34.54 27.75




Table 4. Total inorganic carbon (TIC, ppm) and total organic carbon (TOC, ppm)
concentrations in water at several stations. nd indicates no data.

Depth Stations (Date)
(m) L3 (1-0ct) A (11-Aug) A (6-Oct)

TIC TOC TIC TOC TIC TOC
1 24.06 0.52 24.14 0.80 25.40 0.44
10 nd nd 24.53 0.66 nd nd
25 25.17 0.23 24.71 0.60 25.48 0.48
50 25.35 0.40 24.56 0.44 25.26 0.59
100 26.63 0.34 24.86 0.37 25.73 0.56
150 nd nd 25.01 0.34 25.49 0.64

200 26.96 0.47

300 26.53 0.25

600 25.75 0.40

Depth Stations (Date)
(m) M (11-Aug) Svii (23-Sep) SK21 (15-0ct)

TIC TOC TIC TOC TIC TOC
1 24.68 0.33 24.22 0.39 24.64 0.09
10 24.94 0.32 nd nd nd nd
25 24.94 0.40 24.88 0.33 24.77 0.00
50 25.04 0.23 24.95 1.17 24.50 0.42
100 24.89 0.25 25.16 041 24.48 0.48
150 nd nd nd nd nd nd
200 25.15 0.45 25.38 0.26 24.92 0.37
300 24.88 0.51 26.73 0.35 24.63 0.41
600 26.85 0.31 25.09 0.44




Table 5-1. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Mimmum;{ Average Maximum Mimmum
15-May -1803 -1.795 -1 809 -1 668 -1 662 -1 676
16-May -1 799 -1788 -1 807 -1.664 -1 656 -1 675
17-May -1 794 -1 788 -1 803 -1.676 -1 652 -1 690
18-May -1.798 -1788 -1 805 -1.676 -1.660 -1 700
19-May -1803 -1.796 -1 808 -1 668 -1 660 -1683
20-May -1 802 -1795 -1.810 -1.671 -1 661 -1.679
21-May -1 804 -1783 -1.810 -1 677 -1 666 -1 687
22-May -1 807 -1 798 -1 813 -1 680 -1 665 -1 690
23-May -1 807 -1801 -1.814 -1.672 -1 663 -1 684
24-May -1 815 -1.805 -1.822 -1 678 -1 664 -1.693
25-May -1.814 -1 805 -1 812 -1.675 -1 666 -1 692
26-May -1 811 -1 800 -1.820 -1.687 -1 679 -1 703
27-May -1812 -1 801 -1824 -1.681 -1 661 -1 695
28-May -1 816 -1 807 -1 830 -1.670 -1 658 -1 690
29-May -1.820 -1 811 -1829 -1 664 -1.651 -1 678
30-May -1 819 -1 809 -1.828 -1.667 -1 651 -1 685
31-May -1 824 -1 820 -1 828 -1.657 -1.649 -1 666
Monthly -1.809 -1 783 -1 830 -1 672 -1.649 -1 703

Table 5-2. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Minimumi Average Maximum Minimum

1-Jun -1.825 -1.820 -1.830 -1.662 -1 648 -1 670

2-Jun -1 816 -1.807 -1 825 -1 662 -1.645 -1673

3-Jun -1 813 -1 808 -1 818 -1 656 -1 647 -1.664

4-Jun -1.817 -1.808 -1 824 -1.656 -1648 -1 667

5-Jun -1.819 -1 806 -1.825 -1.660 -1 648 -1672

6-Jun -1 820 -1 803 -1 826 -1.650 -1 627 -1.660

7-Jun -1 822 -1 811 -1.827 -1652 -1 646 -1 659

8-Jun -1 822 -1 816 -1 826 -1 645 -1640 -1.657

9-Jun -1 825 -1 809 -1831 -1 648 -1 641 -1 656

10-Jun -1 823 -1 815 -1.828 -1643 -1633 -1.649

11-Jun -1818 -1 805 -1 828 -1 652 -1 637 -1 669
12-Jun -1.823 -1 816 -1 829 -1 655 -1648 -1 659
13-Jun -1.818 -1.813 -1.824 -1 662 -1 653 -1 681
14-Jun -1 817 -1 809 -1822 -1 653 -1 639 -1 669
15-Jun -1.815 -1.798 -1.824 -1.652 -1 627 -1678
16-Jun -1813 -1793 -1823 -1667 -1 659 -1678
17-Jun -1.820 -1.798 -1 828 -1 656 -1 649 -1670

18-Jun -1 820 -1.812 -1 827 -1 654 -1 645 -1 659

19-Jun -1 825 -1.814 -1 828 -1 653 -1 646 -1 659

20-Jun -1 826 -1.819 -1.831 -1 646 -1 643 -1 652
21-Jun -1.820 -1.804 -1 828 -1.642 -1.632 -1 652
22-Jun -1 817 -1 800 -1 832 -1 646 -1 636 -1 661
23-Jun -1 814 -1.788 -1.831 -1 646 -1636 -1 658
24-Jun -1815 -1.794 -1.830 -1 641 -1.636 -1.653
25-Jun -1 814 -1795 -1 829 -1632 -1 626 -1 641
26-Jun -1.812 -1 799 -1 830 -1.634 -1.626 -1 641
27-Jun -1826 -1.805 -1.834 -1.632 -1 624 -1 636
28-Jun -1.806 -1.789 -1.828 -1622 -1616 -1 631
29-Jun -1819 -1.807 -1 833 -1 621 -1.613 -1630
30-Jun -1 817 -1.797 -1.832 -1.614 -1 606 -1 621
Monthly -1 819 -1788 -1 834 -1 647 -1 606 -1 681




Table 5-3. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date  Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Minimum{ Average Maximum Minimum

1-Jul -1.824 -1.809 -1.833 -1.612 -1.607 -1.620
2-Jul -1.823 -1.806 -1.833 -1.619 -1.612 -1632
3-Jul -1.820 -1.805 -1.832 -1.623 -1.612 -1.635
4-Jul -1.810 -1.786 -1.829 -1.611 -1.604 -1.622
5-Jul -1.810 -1.789 -1.829 -1.611 -1.604 -1.623
6-Jul -1.819 -1.805 -1.829 -1.606 -1.601 -1.615
7-Jul -1.817 -1.806 -1.829 -1.596 -1 589 -1 607
8-Jul -1 820 -1.810 -1.831 -1.593 -1.585 -1.599
9-Jul -1.822 -1.813 -1.831 -1.590 -1 587 -1 594
10-Jul -1.809 -1.796 -1.823 -1592 -1.585 -1.599
11-Jul -1.818 -1.797 -1.832 -1.594 -1.584 -1.605
12-Jul -1.806 -1.779 -1 828 -1.588 -1.582 -1.598
13-Jul -1.808 -1.783 -1.827 -1.585 -1 587 -1.606
14-Jul -1.804 -1.774 -1.824 -1.583 -1.577 -1.590
15-Jul -1.806 -1.794 -1 826 -1.583 -1 580 -1.587
16-Jul -1.814 -1.798 -1.824 -1.585 -1.584 -1.590
17-Jul -1.814 -1.808 -1.821 -1.583 -1 583 -1584
18-Jul -1.815 -1.804 -1.822 -1.583 -1.582 -1.585
19-Jul -1.815 -1.807 -1.819 -1586 -1.582 -1 591
20-Jul -1.811 -1 781 -1.819 -1.585 -1.583 -1.588
21-Jul -1.814 -1.804 -1.822 -1.588 -1.585 -1.593
22-Jul -1.821 -1.814 -1.827 -1.588 -1586 -1592
23-Jul -1.822 -1.816 -1.826 -1.588 -1.585 -1.592
24-Jul -1.819 -1.812 -1.825 -1.591 -1.588 -1.595
25-Jul -1.819 -1.816 -1.824 -1.594 -1.592 -1.596
26-Jul -1.818 -1.812 -1.825 -1.593 -1.587 -1.595
27-Jul -1.818 -1.811 -1.827 -1.592 -1.587 -1 596
28-Jul -1.816 -1.805 -1.823 -1.593 -1.587 -1 598
Monthly -1.815 -1.774 -1.833%  -1594 -1.577 -1.635




Table 5-4. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Minimum{ Average Maximum Minimum

1-Aug -1.821 -1.801 -1 831 -1587 -1.583 -1.591

2-Aug -1.815 -1807 -1.830 -1 585 -1 579 -1.590

3-Aug -1.817 -1787 -1830 -1 586 -1 578 -1 590

4-Aug -1 817 -1.797 -1.830 -1.578 -1.574 -1584

5-Aug -1.815 -1797 -1 831 -1578 -1.571 -1582

6-Aug -1.814 -1.800 -1.826 -1.578 -1.572 -1 582

7-Aug -1 813 -1.796 -1.828 -1.578 -1 575 -1 583

8-Aug -1 813 -1787 -1.826 -1 579 -1 571 -1.585

9-Aug -1 818 -1800 -1.830 -1 584 -1.575 -1 590

10-Aug -1 825 -1.815 -1 830 -1 586 -1.578 -1.590
11-Aug -1 827 -1 825 -1 829 -1 585 -1.581 -1.592
12-Aug -1 817 -1.808 -1.825 -1.579 -1573 -1.584
13-Aug -1818 -1 804 -1 826 -1 580 -1573 -1 590
14-Aug -1.815 -1 804 -1 825 -1.581 -1.576 -1.586
15-Aug -1 813 -1795 -1 824 -1 587 -1 576 -1.596
16-Aug -1.818 -1.807 -1 828 -1.595 -1 583 -1 600
17-Aug -1.822 -1.816 -1.827 -1.592 -1 588 -1595
18-Aug -1.819 -1.802 -1 826 -1 589 -1.580 -1 595
19-Aug -1 817 -1 808 -1.826 -1.592 -1.584 -1 603
20-Aug -1.813 -1.789 -1.824 -1 594 -1586 -1.604
21-Aug -1.811 -1 796 -1.824 -1.591 -1.583 -1598
22-Aug -1 812 -1.798 -1.824 -1.587 -1.580 -1.593
23-Aug -1 812 -1798 -1.823 -1.583 -1.574 -1.592
24-Aug -1.817 -1.805 -1.830 -1.581 -1.573 -1.590
25-Aug -1.818 -1 804 -1.833 -1.574 -1.567 -1.585
26-Aug -1 823 -1.805 -1.837 -1.576 -1.567 -1581
27-Aug -1.821 -1.813 -1.828 -1.572 -1.566 -1.586
28-Aug -1.820 -1.809 -1.832 -1.576 -1.572 -1 581
29-Aug -1.821 -1798 -1 831 -1.572 -1.563 -1 579
30-Aug -1 816 -1 801 -1833 -1.568 -1.560 -1.574
31-Aug -1 815 -1783 -1 835 -1 569 -1559 -1 584
Monthly -1817 -1.783 -1837 -1.582 -1.559 -1.604




Table 5-5. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date  Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Minimumi Average Maximum Minimum

1-Sep -1.817 -1794 -1.834 -1.574 -1.567 -1 584

2-Sep -1.818 -1.794 -1.830 -1.563 -1.557 -1.569

3-Sep -1.818 -1 801 -1.829 -1.558 -1.548 -1 569

4-Sep -1.811 -1.791 -1.821 -1.549 -1 545 -1.554

5-Sep -1.811 -1.793 -1.829 -1.548 -1.544 -1.552

6-Sep -1.817 -1.784 -1.834 -1 552 -1547 -1.557

7-Sep -1 806 -1 787 -1.823 -1.548 -1 538 -1.557

8-Sep -1.805 -1.790 -1.825 -1.544 -1.539 -1.551

9-Sep -1 806 -1.785 -1.828 -1.544 -1535 -1.556

10-Sep -1.810 -1.772 -1.831 -1.536 -1.530 -1.546

11-Sep -1.815 -1.778 -1.832 -1.537 -1530 -1.542

12-Sep -1.798 -1.764 -1.825 -1.531 -1.527 -1 536

13-Sep -1.805 -1.739 -1.830 -1.531 -1.521 -1539

14-Sep -1.807 -1.775 -1.823 -1.530 -1.521 -1.535

15-Sep -1.804 -1.765 -1.819 -1.530 -1.524 -1.537

16-Sep -1.800 -1.775 -1.824 -1.531 -1.527 -1.536

17-Sep -1.809 -1.800 -1.822 -1.528 -1.526 -1.529

18-Sep -1.813 -1.805 -1.817 -1.535 -1527 -1.548

19-Sep -1.810 -1.785 -1.821 -1.543 -1.534 -1.554
20-Sep -1.800 -1.789 -1.813 -1551 -1.539 -1 563
21-Sep -1.805 -1.793 -1.818 -1.550 -1.532 -1.568
22-Sep -1 803 -1.784 -1.813 -1.548 -1.532 -1.565
23-Sep -1.792 -1.754 -1.821 -1.547 -1.535 -1.560
24-Sep -1.794 -1.755 -1.815 -1.546 -1.530 -1.554
25-Sep -1.797 -1.764 -1.820 -1.534 -1.525 -1.544
26-Sep -1.802 -1.777 -1.822 -1.530 -1.519 -1.545
27-Sep -1.800 -1.784 -1.821 -1.523 -1.516 -1545
28-Sep -1.812 -1.798 -1.822 -1.523 -1.512 -1.548
29-Sep -1.811 -1.789 -1.824 -1.520 -1.507 -1.526
30-Sep -1.814 -1.799 -1.822 -1.522 -1.512 -1.539
Monthly!  -1.807 -1 739 -1.834 -1.540 -1.507 -1.584




Table 5-6. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date  Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

Average Maximum Minimumi{ Average Maximum Minimum

1-Oct -1811 -1.780 -1.820 -1521 -1.516 -1526

2-Oct -1813 -1799 -1.820 -1 519 -1 515 -1.523

3-Oct -1.813 -1.798 -1 820 -1.515 -1514 -1516

4-Oct -1.814 -1 799 -1821 -1.515 -1.509 -1518

5-Oct -1.814 -1.791 -1826 -1.514 -1.509 -1 527

6-Oct -1811 -1.792 -1.826 -1.519 -1511 -1.548

7-Oct -1817 -1 811 -1 826 -1530 -1 520 -1.540

8-Oct -1.812 -1.785 -1 828 -1525 -1.517 -1530

9-Oct -1.794 -1.767 -1.817 -1516 -1 505 -1 527

10-Oct -1.810 -1.773 -1 826 -1519 -1 508 -1.528
11-Oct -1.816 -1.802 -1 827 -1 519 -1.505 -1531
12-Oct -1.812 -1.790 -1 827 -1.515 -1507 -1528

13-Oct -1 805 -1.777 -1 824 -1511 -1499 -1523
14-Oct -1.802 -1.781 -1825 -1.504 -1497 -1510
15-Oct -1.810 -1 777 -1 827 -1 507 -1.499 -1 516
16-Oct -1815 -1788 -1.828 -1 506 -1492 -1.518
17-Oct -1.808 -1782 -1 826 -1.504 -1.494 -1.513
18-Oct -1 811 -1788 -1 825 -1.509 -1.494 -1519
19-Oct -1812 -1.792 -1.825 -1 511 -1500 -1522
20-Oct -1.809 -1.788 -1835 -1512 -1503 -1.524
21-Oct -1.804 -1.787 -1.820 -1 507 -1.495 -1523
22-Oct -1.799 -1.773 -1.824 -1 500 -1 489 -1.511
23-Oct -1.807 -1.776 -1 827 -1.497 -1 488 -1 506
24-Oct -1.814 -1.799 -1.824 -1491 -1471 -1.506
25-Oct -1 794 -1.763 -1 816 -1.479 -1 462 -1.502
26-Oct -1.788 -1.766 -1.814 -1481 -1.474 -1.493
27-Oct -1.777 -1.755 -1.806 -1483 -1 469 -1.496
28-Oct -1.784 -1.757 -1 804 -1.482 -1471 -1493
29-Oct -1785 -1.746 -1.814 -1.481 -1.473 -1 488
30-Oct -1795 -1.761 -1815 -1.478 -1 469 -1.492
31-Oct -1 794 -1.771 -1812 -1480 -1.469 -1490
Monthly -1.805 -1746 -1.835 f -1 505 -1 462 -1 548




Table 5-7. Daily average, maximum and minimum water temperature at depths
of 10 and 230 m.

Date Temperature (°C) at 10 m depth Temperature (°C) at 230 m depth

i Average Maximum Minimum{ Average Maximum Minimum

1-Nov -1.790 -1.766 -1.817 -1.480 -1 468 -1.487

2-Nov -1.796 -1.767 -1.813 -1.481 -1.467 -1.487

3-Nov -1.793 -1.772 -1.811 -1477 -1.465 -1.485

4-Nov -1.800 -1.769 -1.820 -1.476 -1.462 -1.489

5-Nov -1.806 -1.785 -1.821 -1.477 -1.468 -1.484

6-Nov -1.795 -1.766 -1.822 -1.471 -1 452 -1.480

7-Nov -1.795 -1.769 -1.814 -1.471 -1.453 -1.488

8-Nov -1 802 -1.768 -1.820 -1471 -1 464 -1.480

9-Nov -1.797 -1.759 -1.815 -1.469 -1.461 -1.483

10-Nov -1.777 -1.758 -1.814 -1.466 -1.457 -1.481
11-Nov -1.795 -1.763 -1.814 -1 469 -1.453 -1 485
12-Nov -1.790 -1.758 -1.810 -1.466 -1.456 -1.478
13-Nov -1.783 -1.760 -1.798 -1.460 -1.447 -1.472
14-Nov -1.778 -1.755 -1.798 -1.459 -1.448 -1.471
15-Nov -1.785 -1.763 -1.802 -1.454 -1.438 -1.461
16-Nov -1.788 -1.765 -1.798 -1.455 -1.434 -1.470
17-Nov -1.783 -1.751 -1.803 -1.447 -1.434 -1.458
18-Nov -1.771 -1.756 -1.791 -1.442 -1.411 -1.460
19-Nov -1.763 -1.745 -1.784 -1.438 -1.429 -1.447
20-Nov -1.767 -1.751 -1.791 -1.432 -1.414 -1.452
21-Nov -1.771 -1.742 -1.794 -1.439 -1.423 -1.459
22-Nov -1.762 -1.741 -1.790 -1.435 -1.419 -1.461
23-Nov -1.754 -1.737 -1.775 -1.431 -1.409 -1.457
24-Nov -1.745 -1.7127 -1.778 -1.424 -1.405 -1.441
25-Nov -1.750 -1.729 -1.765 -1.433 -1.393 -1.464
26-Nov -1.751 -1.737 -1.760 -1.406 -1.388 -1.430
Monthly -1.780 -1.727 -1.822 -1.455 -1.388 -1.489

Table 6-1. Daily average, maximum and minimum current speeds at depths of
15 and 240 m St. K in May 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
| Average Maximum Minimum ! Average Maximum Minunum
14-May 21.4 29.33 14.18 I 6.2 11.73 1.47
15-May 21.6 33.25 8.80 | 10.3 15.16 6.89
16-May 26.8 4253 18.09 f 9.3 18.09 2.44
17-May 208 4596 831 | 8.7 15.64 2.93
18-May 17.1 33.73 6.36 6.3 10.27 0.49
19-May | 18.3 27.38 9.29 ': 6.3 9.29 293
20-May 21.6 32.27 16.13 | 8.4 15.16 3.42
21-May 248 38.13 782 | 115 17.11 7.33
22-May 294 39.11 16.62 |( 12 16.13 7.33
23-May 19.4 37.65 9.29 | 9.1 12.71 5.87
24-May 29.5 36.67 18.09 | 9.4 13.69 2.44
25-May 34.1 45.47 23.47 | 10.3 13.20 5.87
26-May 404 54.27 24.45 ’l 16.7 23.96 7.82
27-May 36.7 58.67 22.98 | 15.9 21.02 8.80
28-May 32.3 52.80 16.13 136 17.60 8.80
29-May 356 50.85 2591 15.2 22.49 9.29
30-May | 31.1 38.62 20.04 15.2 17.11 6.36
31-May 28.4 39.11 17.60 10.8 12.22 1.96
" Monthly | 27.2 58.67 6.36 10.8 23.96 0.49




Table 6-2. Daily average, maximum and minimum current speeds at depths of
15 and 240 m at St. K in June 1999.

!

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
‘ Average Maximum Minimum ‘ Average Maximum Mimmum
1-Jun 26.6 36.18 18.09 53 10 76 244
2-Jun. 25.9 3813 10.76 4.8 831 1.47
3-Jun. 26.1 35 69 15.64 56 10.76 0.00
4-Jun. 296 40 58 22.00 ! 104 13.69 7.33
5-Jun 358 43.51 27.38 2 16.0 22 00 9.78
6-Jun. 371 44 98 26.89 E 13.4 17.11 929
7-Jun. 27.9 39.11 16.13 | 9.8 14 18 440
8-Jun. 25.2 32.76 1711 % 7.5 12.22 391
9-Jun. 33.1 4449 2004 | 76 1173 4.89
10-Jun 357 45.47 2347 | 87 1271 4.40
11-Jun 31.1 41 56 19.56 ; 87 13.20 4.40
12-Jun. 297 39.11 12.71 § 4.9 7.33 147
13-Jun. 28 8 44 98 14.18 58 880 2.93
14-Jun. 36.0 57.20 17.11 ; 717 1516 244
15-Jun. 441 56.22 30.80 | 14.6 21.02 6.36
16-Jun 38.8 57 69 21.51 14.0 16.56 9.78
17-Jun. 365 4547 2493 g 116 17.60 6.36
18-Jun. 28 7 37.65 20.04 4.6 11.24 0.00
19-Jun. 26.2 34.71 1711 2.0 4.89 0.00
20-Jun. 325 41.07 23.47 2.2 4.40 0.49
21-Jun. 358 49.38 2542 2.5 538 0.49
22-Jun. 46.3 57.69 31.78 8.3 14.67 342
23-Jun. 48.3 60.13 34.22 9.9 13.20 5.87
24-Jun 45.2 60.13 34.22 ! 78 1173 3.42
25-Jun. 41.7 50.85 31.29 6.8 12 22 0.00
26-Jun 28.3 38.13 16 62 40 8.80 0.49
27-Jun. 403 53.78 27.38 4.1 831 0.49
28-Jun. 41.2 50.85 31.29 | 4.5 9.29 0.98
29-Jun. | 36.7 52.80 2396 ! 40 10.27 049
30-Jun. 316 46 93 2004 | 3.6 6.84 049
Monthly ‘f 344 60.13 10.76 | 74 22.00 0.00




Table 6-3. Daily average, maximum and minimum current speeds at depths of
15 and 240 m at St. K in July 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
Average Maximum Minimum Average Maximum Mimmum
1-Jul. 33.0 43.51 2347 25 4.89 0.00
2-Jul. 32.2 44.00 13.69 3.0 538 1.47
3-Jul 32.7 43.02 19.07 2.1 440 049
4-Jul. 38.1 4791 28.36 2.9 6.36 0.49
5-Jul. 43.1 54.27 35 69 6.3 13.69 1.96
6-Jul. 39.9 50.85 30.80 7.0 10.27 293
7-Jul. 374 48.89 28.36 5.9 8.31 1.47
8-Jul. 38.8 52.80 28.36 3.4 7.33 049
9-Jul 36.4 45.96 26.40 30 6.36 0.00
10-Jul. 38.3 46.93 27.38 4.5 7.82 0.98
11-Jul. 39.3 50.36 25.91 5.6 10.76 0.98
12-Jul 39.5 53.78 25.91 6.4 12.22 0.49
13-Jul 39.3 54.76 29.82 6.0 10.76 1.96
14-Jul. 38.6 50.36 26.89 5.0 9.78 0.00
15-Jul. 34.4 44.00 25.42 4.7 9.29 0.98
16-Jul. 344 46.45 23.96 3.3 7.33 0.49
17-Jul. 31.1 41.56 22.00 3.7 6.84 0.98
18-Jul. 35.2 44.49 23.96 2.7 4.89 0.49
19-Jul 34.4 43.02 23.96 2.5 5.87 0.00
20-Jul. 33.7 41.07 25.42 2.8 6.84 0.00
21-Jul. 35.0 45.96 24.93 3.2 6.36 0.49
22-Jul. 34.0 43.51 25.42 23 440 0.00
23-Jul 35.0 43.51 26.89 2.9 6.36 0.49
24-Jul. 32.2 43.51 20.04 2.6 5.38 000
25-Jul. 33.1 42.05 24.45 3.0 6.84 0.00
26-Jul. 35.7 46.45 22.98 2.6 5.38 0.98
27-Jul. 35.8 44.98 23.47 3.2 5.38 0.98
28-Jul. 394 46.93 31.29 2.9 4.89 0.49
31-Jul. 33.1 4840 7.82 12.3 17.60 6.36
Monthly 36.0 54.76 7.82 41 17.60 0.00




Table 6-4. Daily average, maximum and minimum current speeds at depths of
15 and 240 m at St. K in August 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
{ Average Maximum Mimmum ‘ Average Maximum Mimmum
1-Aug 41.9 53.78 31.29 | 123 17.11 6.84
2-Aug j 417 54.27 3178 | 15.2 22.49 11.73
3-Aug. | 440 51.82 36 67 | 15.8 20.04 12.22
4-Aug, | 406 51.33 30.31 ' 16 3 20 04 1173
5-Aug g 39.3 50 36 26 89 ‘ 14.2 17.11 11 24
6-Aug. | 38 4 46.93 28 36 ! 129 16.62 9.78
7-Aug ’ 39.1 48.89 29.33 | 125 18.09 978
8-Aug. | 394 51.33 30.31 | 13.0 15.64 8.80
9-Aug | 36.1 51 33 15.64 | 97 16.13 440
10-Aug | 197 3276 11 24 i 55 7.82 0.49
11-Aug. } 286 48 89 8 80 ; 7.7 12 22 2.93
12-Aug. | 28.7 4938 10.27 | 8.6 13.69 196
13-Aug ( 29.2 42 53 1173 | 6.1 10 27 0.98
14-Aug ' 331 42 53 20.04 z 6.1 10.76 2.4
15-Aug. 2 356 53.29 16.62 8.6 12.71 4.40
16-Aug | 325 54.27 14.18 93 11.73 5.87
17-Aug. | 33.3 50 36 19.07 76 12 22 391
18-Aug. | 34.9 46.45 25.42 86 12.22 5.38
19-Aug. 41.6 4938 32.27 10.6 15.64 6 36
20-Aug. 39.2 48.40 2591 11.4 15.16 8.80
21-Aug. 323 4205 22.98 12.4 16 13 9.29
22-Aug | 33.9 4302 22.98 114 14.18 7.82
23-Aug 32.9 4400 22.98 10.4 15.64 7.33
24-Aug. 31.9 44.49 22.98 10.7 14.18 6.84
25-Aug 35.6 53.29 14.18 | 8.6 1369 391
26-Aug | 286 40 58 8.31 | 73 13 20 2.44
27-Aug. ‘ 339 49 38 1222 | 7.4 11.24 342
28-Aug. ; 26.9 36 67 1858 | 63 11.24 1.96
29-Aug. | 304 50 85 10.76 | 63 11 24 147
30-Aug. | 332 4351 23.47 ; 6.8 1076 3.42
31-Aug 32.3 4156 2347 | 100 16.13 5.87

Monthly , 345 54 27 8.31 ; 100 22.49 0.49
|




Table 6-5. Daily average, maximum and minimum current speeds at depths of
15 and 240 m at St. K in September 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
Average Maximum Minimum Average Maximum Minimum
1-Sep. 313 42.53 19.56 10.5 15.16 5.38
2-Sep. 29.2 41.56 18.58 8.30 11.73 5.87
3-Sep. 30.3 44.00 16.62 8.2 12.22 4.40
4-Sep. 34.6 4547 26.89 94 12.71 6.84
5-Sep. 34.7 54.27 20.53 9.1 13.69 5.87
6-Sep. 27.8 44,98 9.78 8.1 12.22 4.89
7-Sep. 32.6 41.07 19.56 9.0 13.20 4.40
8-Sep. 323 42.53 19.07 10.1 15.16 5.87
9-Sep. 33.3 45.96 18.58 113 15.64 6.84
10-Sep. 338 4498 18.09 10.3 14.67 6.36
11-Sep. 325 46.93 23.47 9.5 13.20 5.38
12-Sep. 31.2 44.49 18.09 9.8 13.20 538
13-Sep. 26.0 47.42 10.76 83 12.22 5.87
14-Sep. 28.4 46.93 9.78 8.1 12.22 4.40
15-Sep 29.4 44.00 12.22 7.1 10.27 342
16-Sep. 26.5 4449 14.18 7.5 10.27 391
17-Sep. 378 53.78 8.31 6.0 10.27 1.96
18-Sep. 21.0 4547 4.89 5.7 12.22 1.96
19-Sep. 34.0 54.76 13.2 16.0 21.02 8.29
20-Sep. 36.0 43.02 20.04 189 22.98 1027
21-Sep. 28.7 43.51 13.69 13.0 22.49 4.89
22-Sep. 19.6 38.13 9.78 6.0 11.24 244
23-Sep. 20.2 35.20 6.36 5.9 10.76 244
24-Sep. 29.2 4351 11.73 89 15.64 293
25-Sep. 32,5 45.47 21.02 12.1 16.62 6.36
26-Sep. 319 42.05 20.04 11.2 15.16 587
27-Sep. 31.9 41.56 17.60 10.2 14.18 5.87
28-Sep. i 27.2 41.56 11.24 9.4 14.67 440
29-Sep. ; 27.7 42.05 11.73 9.0 13.20 391
30-Sep. j 28.6 4351 14.18 8.9 14.18 391
Monthly | 30.0 54.76 4.89 9.5 22.98 1.96




Table 6-6. Daily average, maximum and minimum current speeds at depths of
15 and 240 m at St. K in October 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
Average Maximum Mmimum ’ Average Maximum Mimmum
1-Oct. 25.9 37.65 11.73 | 75 11.73 3.91
2-Oct. 28.7 43.02 13.69 5.6 929 2.93
3-Oct. 31.0 40.58 19.07 46 7.82 147
4-Oct. 311 45.96 19.56 57 8.80 342
5-Oct. 24.4 40 58 7.33 49 8.80 147
6-Oct. 320 47.42 10 76 6.1 10.27 2.44
7-Oct. 23.8 43.02 10 27 8.9 13.69 391
8-Oct. 21.6 41.56 8.80 6.2 12.22 1.47
9-Oct. 25.0 41.56 10.27 84 15 64 2.93
10-Oct 341 45.47 24.45 107 15 16 6.36
11-Oct 33.1 46.45 22.98 10.7 15.64 6 84
12-Oct. 31.6 43.02 18.58 10.3 14.18 6.36
13-Oct. 35.3 43.02 16 89 100 13 69 538
14-Oct. 344 47.42 25.42 106 15.16 5.38
15-Oct. 34.2 44 .98 26.40 10.1 13.69 6.36
16-Oct. 30.2 44 00 17.11 9.3 14.18 440
17-Oct. 33.6 4498 23 47 9.5 12.71 5.87
18-Oct. 349 47.91 23.96 9.0 12.71 5.87
19-Oct. 31.5 39.60 24 .45 8.9 12.71 5.87
20-Oct. 30.2 39.11 15.64 9.7 13.20 489
21-Oct. 312 45.96 21 51 7.3 10.76 2.93
22-Oct. 30.4 40.09 17.60 8.6 12.22 391
23-Oct. 24.3 38 62 11.24 8.0 12.22 2.93
24-Oct. 209 32.27 7.82 6.7 12.22 1.47
25-Oct. ! 24.1 36.67 12.71 72 14.18 196
26-Oct. 219 29.33 10.27 ) 6.5 11.73 2.44
27-Oct. 20.5 36.67 6.84 64 12.71 147
28-Oct. 135 25.42 244 58 9.78 1.96
29-Oct. 12.1 20.53 1.96 58 9.78 196
30-Oct. 14.3 24.93 0.00 5.0 6.84 1.96
31-Oct. 16.8 27.38 2.93 6.5 9.29 3.91
Monthly 27.0 47.91 0.00 78 15.64 1.47
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Table 6-7. Daily average, maximum and minimum current speeds at depths of
15and 240 m at St. K in November 1999.

Date Current speed (cm/s) at 15 m Current speed (cm/s) at 240 m
Average Maximum Minimum Average Maximum Minimum
1-Nov. 17.0 27.87 27.87 7.9 11.24 391
2-Nov. 223 29.82 29.82 10.4 13.69 6.84
3-Nov. 21.7 30.80 30.80 114 15.64 7.82
4-Nov. 249 34.711 34.71 10.3 16.13 5.87
5-Nov. 20.2 34.22 34.22 9.7 14.18 4.40
6-Nov. 23.2 32.76 32.76 9.5 14.67 5.38
7-Nov. 20.8 30.80 30.80 7.7 13.69 391
8-Nov. 18.4 34.71 34.71 6.7 12.71 3.42
9-Nov. 21.9 35.20 35.20 59 12.22 0.49
10-Nov. 20.2 31.78 31.78 6.2 10.27 1.96
11-Nowv. 15.1 31.78 31.78 6.1 9.28 2.93
12-Nov. - 89 20.53 20.53 46 831 1.47
13-Novw. 84 18.09 18.09 59 9.78 1.96
14-Nov. 10.0 20.53 20.53 6.6 9.78 391
15-Nov. 10.7 20.04 20.04 7.5 10.27 440
16-Nov. 15.7 25.42 25.42 94 12.71 6.84
17-Nov. 18.7 27.87 27.87 85 11.24 5.87
18-Nov. 9.3 20.04 20.04 8.1 10.76 5.87
19-Nov. 9.8 17.60 17.60
20-Nov. 12.2 21.02 21.02
21-Nov. 86 2445 2445 |
22-Nov. 14.9 26.40 26.40
23-Nov. 11.5 21.51 21.51
24-Nov. 10.2 2347 23.47
25-Nov. 89 21.02 21.02
26-Nov. 91 18.09 18.09
Monthly 15.1 35.2 17.6 79 16.13 0.49




Table 7. Seasonal changes of TIC and TOC concentrations (ppm) at St. K.

Date of sampling TIC (ppm) TOC (ppm)
15-May 22.32 0.87
29-May 23.60 0.66
5-June 22.60 0.84
12-June 24.43 0.74
19-June 24.27 0.59
26-June 20 05 0.43
3-July 22.82 0.47
10-July 24.31 0.75
17-July 23 65 065
24-July 24 09 060

5-August 21 32 0 55
15-August 21.59 126
25-August 20.00 1.73
4-September 19.87 0.61
14-September 20.05 032
24-September 19.94 022
4-October 20.62 041
14-October 20.95 0.45
24-October 21.39 037
3-November 20.22 0.52
13-November 21.44 0.39
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