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~218- appendix H

APPENDIX H. Wave heights resulting from the computations.

In this appendix the computed results for the wave heights <for both the
HISWA and the CREDIZ computations are given for the 26 mites. The vave
heights given are the averaged values over the middle nine pointe of the
averaging blocke; the averaging blocks have in most instances sides of 0.25
m. This wave height is indicated as <H> in the Tables. The standard devi-
stion obtained over the nine points has also been given and is indicated by

s8(H). Both <H> and s(H) are given in cm.

As the value in the midpoint of the averaging block differs hardly from the
averaged value <H>, it has not been given. As also the averaging has been
carried out over the 25 points of the whole averaging block, an example has
been given on page 237. Because it appeared necessary in the CREDIZ compu-
tationse to consider a larger averaging block (vwith sides of 3 m instead of
0.5 m), one HISWA computation has been performed also vith the samse large
averaging block, computation ve35aa, vhich ie othervise the same as ve35b.
Full results of both computations have been added (pages 236 and 237) so as
to make it possible for the reader to ascertain the difference in choice of
averaging block size. Also the full results for the vave height from the

CREDIZ computations ce32a and ce32b have been added (pages 238 and 239).

In order to have information on the depthe of the mites and the effect of
averaging over the blocks, the first Tables concern the depth-values of the
sites, one for the fully cylindrical bar geometry and twvo for the
semi-cylindrical bar geometry (one vith block size 0.5 ®» and one with size
of 3 m).

The Tables are given in the folloving sequence :

- the depth values for the geometries;

= the vave heights for computations ve2x;
- the vave heights for computations ve3x;
- the vave heights for computations ce3x;
- the full results of ve35aa and ve3Sb;

- the full resulte of ce32a and ce32b.
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APPENDIX {. Yave periods resulting from the computations.

In this appendix the computed wvave periode for the HISWA computetions are
given for the 26 sites. The wvave periods, denoted as <T>, are the averaged
values over the middle nine points of the averaging blocks. These blocks
have gides of 0.5 m for all computations, except for the case ve35aa, vhere
the sides have a length of 3 m. The standard deviation obtained over the
nine points is denoted by 8(T).

As in appendix H, full results are given also for the cases wve35aa and

ve35b so as to be able to ascertain the effect of the block size on the

averaging.
As CREDIZ has a fixed wave period, no results for CREDIZ have been given.

Thev depth-values at the sites have been given in appendix H (pages 219 and
220).

The Tables are given in the folloving sequence :
= the vave periods for computations ve2x;

- the vave periods for computations ve3x;
- the full results for ve3Saa;

the full results for ve3Shb.
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-251- appendix K

APPENDIX J. Wave directions resulting fros the computations.

In this appendix the computed values for the principal vave directions are
given for the 26 sites for both the HISWA and CREDIZ computations. The vave
directions, denoted as <teta>, are the averaged values over the middle nine
pointe of the averaging blocks. These blocks have mides of 0.5 » for most
of the computations, but for ve3S5aa, and ce3lc, ce32b and ce35bc the block
Bize is 3 wm. The standard deviation obtained over the nine points ie indi-
cated by s(teta). The depth-values at the sites have been given in appendix
H.

In order to ascertain the effect of smize the averaging blocks, full
results are given for the HISWA computations ve3Saa and ve3Sb and for the

CREDIZ computations ce32s and ce32b (pages 266-269).
The Tables are given in the folloving sequence :
- the vave directions for computations ve2x;

- the vave directions for computations ve3x;

- the veve directions for computations ce3x;

the full resultes for ve35Saa;
- the full results for ve3Sb.
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APPENDIX L. Directional spread resulting from the computations.

In this appendix the values of the directional spread as resulting from the
HISWA computations ere given for the 26 sites. The directional spread
values, denoted es <sigma> in this appendix, are the averaged wvalues over
the middle nine points of the averaging blocks. These blocks have sides of
0.50 m for all computations, except case ve3Saa, vhere the sides have a
length of 3 m. The standard deviation as obtained over the nine pointe is
denoted as s(sigma). The values of the depths at the sites are given in the

Table in the beginning of appemdix H.

In order to ascertain the effect of the size of the averaging blocks, full

results are given for cases ve35aa and ve35b at the end of the appendix.

The Tables are given in the folloving sequence :

- the directional spread of computations ve2x,
- the directional spread of computations ve3x,
- the full results for ve3Sas,

- the full results for ve35Sb.
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13.29
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11.32
11,40
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0.07

18.77

0.07

6,56

0.04

13.25
3.3
13.08

B8.4¢6
10,24
12,35
12,36

0.01
0.00
0.07
.01
0.08
0.00
0,00

18.72
19.01
18.72
13.21
17.19
21.87
21.89

0.02
0.01
0.07
0.02
0.18
0.00
0.00

12.93
13.2
12,92

8.8
10.16
12,35
12,36

0.02
0.01
0.0¢6
0.01
0.08
.00
0.00

18.04
1. 42
18.40
12,93
16.88
21.83
21.89

eeoeeooo
2eE=I8Ia

6.83
6.83
6.36
4.31
5.41
7.1
7.11

0.00
0.00
0.04
0.00
0.05
0.00
0.00
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vell
{sigma’
11,16

1237 11.97

12,50
12,50

s{sigma)
0.04

0.00
0.00

vel2
(sigma)
11.12
12,34 11,56

12.49
12.50

s{sigma)
0.04
0.01 0.02
0,00
0.00

velld
(sigma>
17.01
2.11 20.53

24,83
24,97

s(sigea)
0.06
0.08 0.07

0.01
0.00

15.73
15.30
15.13
12,69
11,81
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0.29
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0,02
0.04
0.00
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13,46
14.40
12.39
11.60
12,49

0.18
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0.05
0.09
0.04
0.00

17.38
16.83
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21.4
24,94
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20.97
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4
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12. 89
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cseooooeo
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24,94
24,97
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SY=pn
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21.52
15.51

7.9
10,10
12.50
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0.08
0.47
0.50
0.00
0.0°
0,00
0.00

25.712
22.54
14,69

B.11
10.12
12.49
12.50

0.14
0.81
0.59
0.00
0.09
0.00
0.00

.17
27.42
22,95
.29
19.06
24.94
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0.37
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veld
{sigma’
17.13
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24,82
24,97
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.06
0.08
0.01
0.00

veldaa
{sigma’
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22,09

24,81
24,97

s(sigaa)
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0.49

0.07
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20. 66

0.07

20,55

0.07

20,62

17.75
19,10
19.355
19.74
21,82
24,94

0.15
0.19
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0.07
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0,00
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24,93
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17,60
19.02
19.4
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21,54
24,92

0.89
1.00
0.44
.39
0.69
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21,41

20.83

0.33

21.54
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.57
5.7
26.54
19.87
20,17
24,94

.97

0.24
0.3
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0.17
0.00
0.00
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8.13
26.08
19.95
20.05
24,93
24,97
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0.00
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0.70
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velSt
(sigma’
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22.13

24.83
24,97

sisigma!
0.06
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0.00

veldbs
(sigea’
20,37
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.01
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0.16
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(sigmal
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0.07
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19.04
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17.47
18.90
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19,64
21,53
24.94

0.15
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0.04
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27.85
19.73
20.76
24,47
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0,17
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0.04

24,57
22,94
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19.89
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25.04

0.08
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0.26
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21.13
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2139
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0.27
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veldc
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sisigma)
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21.8!
25,04

0.13
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12,55
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vel?
{sigma’
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30.57
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veldaa
sigea
17,06
22,13 20,57
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24,97

{s1gaa’
17.06
22.09 20,42
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sisigma)
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22,02 20,64
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Averaging blocks : 1.5 @ for 9 points and 3.0 & for Z5 points.
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0.89
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1.99

21.99
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0.06
0.08 0.07

0,01
0.00

ve3sb
{sigma’2j
17.06

22.13 20,58

24.82
24,97

sisignal 2§
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0.19
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0.00
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-281- appendix H

APPENDIX M. Relative differences 25 vave height.

In this appendixare given the relative errors & (denoted also asm del) be-
tveen the computed and measured vave heights. These errors are given for
each measuring position separately, for each of the HISWA and CREDIZ compu-
tations. At first the computations on the fully cylindricel bar are given
(ve2x) and subsequently the ones for the semi-cylindrical bar are given
(ve3x). The relative errors for the perforsed CRTEDIZ computations are

given subsequently (ce3x).

The values are given as a percentage. At the end, a Table with the bias,
the mean of the absolute relative differences, <|8|> and its standard dev-
iation, -(l&l), together with the root mean square error, rese are added
for all computations. Here the mean is teken over all 26 wmeasuring sites.
Subsequently, tables with 22, 20, 17, 16, 10, 9 and 7 measuring esites are
given vith the same parameters, as is done in appendix E for the
statistical parameters; there is referred to appendix E for the location of

the poesitions taken into account.

The parameters are defined as follovs.

H H
comp Be8E | .00 %

n
<|g)> = n‘::&lsil

n iz
15> - [e-13™ 15| - <151

<H > - <H >
bias = 08P R i T Y
Beas




vella

relative error del

=11.97

0.21

-2.47

-6.72

vel?

relative error del

=2.78

vella

relative error del

=319

-1.08

0.20
-3.02

vell

relative error del

0.21

-6.57

0.49
-6.54

veZd

relative error del

-0.21

-6.71

2.14
-4.81

1.07

-1.82

-2.35

=510

~-8.01

-53.19
~b.67
~9.69
-1.04
=C.94
=0.19

1.74
1.8
0.00
-2.38
-5.38
-2.84

7.30
7.08
-0.42
-3.08
-2.99
0.61

3.80
5,33
1.4
-1.22
-4,67
1.0%

2.75
3.40
-2.4b
-8.17
=2.17
2.4

-2.84

-1.4¢

-1.87

0.42

-0.84

370
6.33
0.49
2.82
-1.50
1,38
0.00

2,57
1,487
=L
1.89
-1.26
-2,
-3.71

2.11
1,25
-3.67
LL.13
-0.81
1.12

-0.10

4.58
1.39
-2.24
-1L.n
-1.73
L.
-0.48

6.81
8.20
0.42
-4.84
=113
2,66
=0.20

0.00
1.94
-0.49
=1.04
-0.94
3.85
-1.34

73
.77
0.85
-1.10
-3.2b
0.63
-3.91

4.30
6.83
0.43
-1.83
-0.81
4,20
-0.30

1.03
2,92
-2.64
-2.93
2.08
2.20
2.90

0.21
1.87
-2.4
-4.52
.29
.97
1.92
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vel2d
relative error del
1.48 2,54
1.04
-4, 44
-5, 89 -7.02 ~7.19
-4.17
=0.20 1,90
-6.59
veld
relative error del
-5.56 -5,29
=54 T2
-9.82
-12.6¢6  -10.30 -8.29
1.47
-12.48 1.49
-b.4b
vel?
relative error de!
-b.B7 -1.56
-6.84
-12.01
-15.90 -14,95 -13.B4
-5.02
-17.41 4.30
<510
veZd
relative error del
1,07 -6.18
0.21
-0.87
2.87 -2.00 .13
3.50
-3.83 1.14

=3.73

4.53

B.44

“1.2% 0.21
=537

-3.01

1.1¢9

-0.20

=257
2,29
-1.53 .27
-1.10
-1.33
946
-0.19

=N

-0.81

-b.85 -8.99
-10.94

-0.93

3.04

-0.28

6.80

2.41

-6.73 -2.M
5.28

5.89

0.72

-0.10
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0.41
0.62
-3.07
=5.03
4,72
314
1.79

10.41
18. 460
17.73
2.70
8.92
6.22
0,69

sn
3. 64
4.85
2.1
6.57
14.49
-3.05

-12.94
4.
-b. 16

3.70
1.3
.1
8.87
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vell
relative error del
-56.,38 -14.06
-7.80
-4.56
T.49 ~7.45 L33
-1.%0
-l 44 =91l
-4.34
ve32
relative error del
-20.47 <22.49
-10,0%
-6.50
-4, 40 -£.92 -1.%0
1.83
-0.89 -4.11
-6.2%
velld
relative error del
-25.32 -15.13
-12.05
-2.38
-14.57 -6.40 =202
1.71
1.98 -4,35
-7.82
veld
relative error del
-19.38 -11.37
-9.02
-4.97
-10.29 -4.74 0.60
1.36
=0.10 =137
-b.2b
veld
relative error del
-22.73 -14,07
-12.29
-9.687
-12.41 -5.24 -3.55
1.53
1.%98 -4.00

’5! 23

-13.9%

-13.94

-18.63

-16.17

-19.70

-15.4
-13.48
-17.08
3,19
=0.75
-3.80
0.00

0.00
-53.38
-6.17
=6.30

.87
=2.13
-0.10

-4.66
-14. 66
-17.9%0

-7.95

€. 40

-1.90

-0.57

-B.7%
-12.712
-17.66

-8.03

.69

-2.12

-0.20

-8.02
-16.18
=20.87
-11.89

=0.10

-1.43

0.9
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14.25
0.45
-7.38
3.06
2.9
0.40
-0.20

1.1
-7.88
-18.09
-9.92
1.83
§.05
2,03

-3.72
-13.93
-22.98
-14.77

8.77

-1.11

1.28

-3.59
-17.22
-22.41
=16.32

9.91
=0.30
1.62

=1.67
~17.96
~25.28
-18.88
8.7
0,39
3.49
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veliaa

relative error del

-22.47

1.3

2.18
-6, 14

velsb

relative error del

-2.47

-12.18

2.18
-6.14

vel5bs

relative error del

-16.92

-3.85

3.54
-4.05

ve3ds!

relative error del

-12.86

0.27

3.54
-1.94

velus?

relative error del

-16.92

=426

4.8
-1.85

-5.74

-5.84

4.33

4.63

2.82

-12.8!
-11.19
-8.78
=208
1.%3
~1.81

-12.94
-11.07
-B.30
-1.02
2.34
-3.81

2.31
9.25
1.22
-1.37
5.29
-2.42

-2.64
-2.31
=7.10
=5. 15
0.10
0.93

=7.79
-4.87
-9.03
-3.84
=0.20

0.93

-16,98

-17.72

-1.43

-12.14

-13.14

-6.02
-14, 41
-18.29

-3.09

0.31

-1.34

-0.19

-5.02
-14.08
-18.43

-1.82

1.33

-1.24

-0.19

-7.88
-16.45
-13.01

-6.19

-3.89

-1.72

-0.19

-3.16
-2.11
-1.59
~0.16
-3, 42

0.38
=0.10

-7.74
=3.29
-8.13
0.3
=332

0.38
=0.10
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-4.95
-18.34
-22.42
-12.48

8.5

-0.29

3.59

-4.63
-14.89
-22.42
-13.04

9.70

-0.19

3.59

10.22
11.00
1.75
~7.84
1.35
-2.51
3.49

0.32
1.62
-6.3b
-3.04
-1.49
-4. 18
1.49

0.32
1.62
-6.36
-3.04
-1.58
-4.18
1.49
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velSc
relative error del
-22.11 -11,08
-6.00
-3.78
-11.79 -5 3.20
3.46
.37 -3.63
-b. 14
vels
relative error del
-42.77 =12,7¢
-19,12
-15.19
-2¢.78 -15.88 -9.71
-b.16
-10,40 -2.98
-7.42
vel?
relative error del
-21.52 -21.45
=21.47
-20.97
=241 -17.72 =7.15
-7.54
-15.97 -9.82
-4,%
veld
relative error del
-24,06 -18.88
-1.73
2.80
-8.11 -2.34 b.26
6.43
-7.04 -0.80

=6.13

-14,37

-17.88

-22.14

-§.64

-2.44
-10,00
-13.82

0.00
3,48

-1.05

=0.19

25.36
6.33
-6.28
-8.533
2.80
0.38
=0.19

-4.43
-15.16
-19.47
-12.89

1.87

-2.88

-0.28

11.68
-1.08
-0.28
-2.90

7.88
-1.98
=0.10
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0.80
-9.04
-17.01
-7.84
11.95
0.00
3.59

-5.16
-17.34
=20.25
=131

14,09

1.16
§.28

=6.37
-13.43
-27.67
-15.04
19.98
?.41
-1.31

21.66
-1.10
-17.37
-8.43
12.53
.17
1.74
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cell
relative error del
-4,26 -8.49
18.12
26.03
2,47 ~6.47 10.27
-1.33
-3.03 -5.40
-4,15
cella
relative error del
-0.19 -1B.35
~1.47
-1,08
2.87 -9, 22 0.38
-1.%0
-3.05 -5.40
-4,15
cellb
relative error del
-0.19 -17.89
-§.13
-1.74
3.08 -9,22 0.00
-1.90
=3.035 -3.40
-4.15
cellc
relative error del
=0.77 -18.12
-3.50
-3.04
3.90 -8.82 -0.38
-1.71
-3.24 -5. 39
-4,15
cel?
relative error del
-18. 46 -10.27
10,43
12.33
<7.24 -5.72 §.47
1.9
-0.89 -4.11

-6.06

B.40

-17.78

-17.78

-10.52

'3. ]8

-36.33
20.74
19.21

4.85
-1.12
-3.42

0.20

-59.63
=13, 66
5.25
4,15
-1.12
-3.42
0.20

-37.98
-12.31
5.25
3.19
-1.31
-3.42
0.20

-39.08
-11.47
-7.08
1.26
-1.12
-3.61
0.20

-25.80
32.26
30.70

6.97
1.55
=2.15
0.10

-287-

14.02
-12. 44
-12,08

3.50

2.57

0.79
0.00

7.9
-16.29
-13.20

1,53

2.57

0.79

0.00

10.51
-17.19
-12.98

2,63
2.5
0.79
0.00

-B.88
-10.86
-12.30

3.50
2,%
0.60
0.00

9.14
-16,29
-17.24

1.68

1.28

4,05

.3
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celZa
relative error del
-18.21

=7.15 -7.83

-0.89
=6.06

cel2b
relative error del
-16.54

~£. 30 =7.43

~0.89
=b.06

cels
relative error del
-7.84

-8.95 -2.42

2,47
-3.60

celsa
relative error del
-11.10

-%.73 -2.32

2,87
-5.95

celsh
relative error del
-8.28

-9.22 =4.33

2,47
=3.96

-15.92

=1.6%
-1.08
0.22
1.22
=411

16.96
=4, 00
-2,9
-1.01
0.71
-4.11

0.30
14,84
14,92

6.18

3.36
=3. 44

0.00
13.38
16,37

8.58

4.68
3. 44

-3.78
0.97
2.89
§.12
3.97

=3.44

-16.14

-10.27

-4,9b

-0.87

-13.75

-33.53
-0.13
21.66

2,12
0.82
=2.15
0.10

-16,33
i.08
7,60
6.80

=0.31
=2.28
0.10

-14.61
29.47
20.87

§.07
1.43
-0.86
0.38

-25.3
30.79
24,53

3.86
L
=0.86
0.00

-1B.2
-1.05
15.85

1.30
2.5
=0.85
0.00

-288-

8.24
-19.79
-18.94

=2.1%

6.39

§.00

.23

-13.84
-16.29
-18.77
-0,34
5.29
3,95
2,23

-6.71
-20.87
-21.78

=4.00

10.80

0.19
4.18

=1.92
~22.17
-22.2
=2.36
12,51
0.19
3.78

=2.68
~N.24
-24.01
=6.40
11.39
0.19
3.78
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celSh!
relative error del
-8.28 -5.63
0.85
2.9
-9.22 -4,53 4.38
§.07
2.47 -3.44
-5.96
telSha
relative error del
-10.48 -20.35
-16.18
-9,03
-19.50 17.93 =229
-7.12
-2.47 -4.00
-7.40
ce3sbb
relative error del
-12.78 -20.B5
-17.15
-10.11
=22, 61 15.6! -§.00
-10.27
-5.93 -1.35
-10.83
celdbe 7
relative error del
-12,.42 -12.31
-10.34
-8.06
-19.59 13.39 -4.81
-1.43
-3.44 -8.19
-10.74
ce3is!
relative error del
21.31 -21. 51
-18.00
-£.90
-12.77 19.84 -1.40
-8.44
-5. 14 -3.4

-1.22

-13.75

-4,09

-5.45

3.4

-31.81
0.26
15.72
3,75
.97
-0.86
0.00

25.07
11.03
-5.83
4.3
-3.07
0.29
0.00

24.07
10.13
-6.23

.23
-3.62
=3.25
-3.65

16.48

1.05
-8.27

7.82
-3. 62
-3.72
=3.74

27.94
17.24
-7.05
.33
-2.45
0.38
0.19

=289~

0.00
-25.40
-23.77
-1.84
12.18
0.19

3.78

-18.37
-B.38
-13.04
-3. 48
=11.9%
-12.07
1.59

-18.53
-9.22
-13.47
-4.80
-14.99
-15.25
-2.08

-15.65
=11.33
-13.35

-3.52
-13.98
-14.47

-2.19

-18.37
-8.%0
-12.88
-3.34
-11.16
-11.29
2.09

appendix M



reldsa
relative error del
26,26 -20.89
-17.03
-9.51
-10,20 18.13 -2.52
-7.63
-4, 55 -3.81
-1.40
telSsh
relative error del
-B. 46 -20. 10
-14.30
2.2
-17.20 17.72 =2:15
-7.63
-2.57 -3.81
-1.40
celsc
relative error del
-8.81 -5.90
1.09
2.89
-§.57 -4,43 4.12
3.97
2.67 -3.44

-3.9

24,64
11,18
-2.60 -3.83
2.9
-3.48
0.48
0.00

2438

10,82

-2.85 -3.48
2.93

-3.68

0.48

0.00

-33.09

-1.03

-13.75 15.99
1,30

.25

-0.86

0.00

-19. 63
~§.22
-13.35
-4.80
<1220
-12.07

£.59

-18.37
-9.0¢8
~13.04
-4.44
-12.51
-11.87
1.59

-2.88
=25, 24
-24.01

-6.40

11.39

0.19
3.78
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Case

vella
vel?
ve22a
ve2ld
veld
veld
ve2b
ve??
veld
vell
vel2
veldld
veld
vels
veldaa
velsh
velShs
velis!
vedds?
velSc
velé
vel7
velB
cell
cella
cellb
cellc
cel?
celZa
cel2b
cels
cella
cels
celShl!
celba
cedshb
ce3She
celisl
cedisa
ceJish
celi

n

26
24
26
26
26

2t
26
26
26
2b
26
2b
26
26
24
26
24
26

26
26
26
26
26
26
26
26
2b

bias

-1.30
-1.45

0.08
=0.44
=0.17
-0.88
-0.97
=337

0.53
-4,19
-4.82
-1.35
=6.35
-1.78
-6.32
-6.56
-1.83
-2.76
-3.85
-4.47
-B.98
=t 19
-2.05

0.54
-5.74
-3.52
-5.36
=0.12
-3.98
-4.25

0.55

0.73
-3.04
=2.67
-4.68
-6.85
-b. 34
-1.90
-2.7
-4.63
-3.07

rase

4.18
§.04
2.1
3.82
3.81
4.03
7.5
9.59
3.20
8.66
9.3
11.39
9.63
11,39
10.29
10,45
7.46
S.66
6.74
9.15
18.02
16.31
10.21
13.80
14.74
14.45
10.85
11.52
10.17
8.30
9.83
11.08
9.33
9.20
11.18
12. 46
10.65
12.%8
12.20
10.79
9.38

{1del

2.89
3.28
.4
3.18
3.33
3.30
.53
7.16
4.22
6,29
.13
2.1
B.21
9.82
8.35
8.67
6.22
1.97
4.78
6.90
11.98
13.62
.17
9.70
T.60
173
.72
9.34
1.73
b.62
8.30
9.04
1.4
Ly
2.20
10.67
9.2
10.32
9.70
9.05
1.50

i
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slidel!)

3.12
2.13
2.12
2,20
2.52
2,50
5.04
4.94
3.18
5.60
.02
1.3
6.73
7.68
6.85
6.88
§.49
3.59
4.18
3.79
9.75
8.43
6.77
11.81
12,05
1.1
8.02
9.05
8.68
6.09
7.91
9.17
B.52
8.40
6.9
6.42
4.88
8.04
7.52
6.75
B8.32

appendix H



Case

vella
vel?
vella
vell
veld
veld
velé
vell
vel8
vell
vel?
vell
veld
veld
velsh
veldbs
velds!
velis?
veldc
vels
vell
veld
cel!
cella
cellb
cellc
cel?
cel2a
cel2h
cels
celda
celd
celSh!
celiba
ce3shb
celShc
celss!
celisa
celdsh
cedic

n

22
22
22
22

. |

*

S )

.

r3 ra

ra
Lo ]
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NNNRBRRNRRR

bias

-0.53
=0.%0
0.32
=0,09
0.2¢
=0.38
0.98
-1.42
1.04
-4,45
-3.83
-6, 24
=37}
-7.2
-5.75
-0.36
-2.4
-3.25
=322
-3.20
-9.36
0.45
1.07
-6.39
-6,33
-6.14
1.90
-3.03
-3.40
1.50
2,39
-2.48
-2.02
=3.37
-3.34
=519
-2.94
=3.65
-3.57
~2. 8

rase

3.31
3,78
2.74
3.42
3.67
3,69
6.27
1.57
5.48
9.23
8.23
0.43
8.92
10. 45
9.18
6.38
4,56
5.5
.29
11.40
14.33
.1
17.17
16.03
15.72
11.54
1154
10.13
7.59
10.51
11.74
9.84
9.68
10.79
11.57
9.57
11.70
11.02
10.76
9.83

(idel >

2.4
316
.89
313
3.30
.22
6,03
6.39
4.47
6,62
b.87
8.50
B8.07
9.43
8.30
3.79
3.48
4.12
6,23
10.19
12,77
6,41
10.83
8.53
B.65
1.3%
9.36
1.78
b.47
8.47
9.5
7.83
1.42
9.06
10.24
8.70
9.82
9.26
9.07
7.64

si{idel!)

2.53
2.20
2.24
1.98
2.53
2.40
5.14
§.40
3.38
6.02
Sn72
6.74
b.67
7.4
b.65
4.78
313
3.39
3.13
7.29
8.06
b.34
12.54
12.91
12,53
8.55
9.45
9.16
b.16
8.3!
9.497
9.22
9.09
7.09
6.39
4.85
7.81
.24
6.9
9.21

appendix H



case

vella
ve2?
ve22a
veZl
ve2d
vels
velb
vel7
vel8
vell
vel?
vell
vedd
veld
velSaa
velsk
velshs
velds!
velis2
velSc
velb
vel?
velB
cedl
cella
cellb
celic
cel2
cel2a
cel2
cels
celda
celsh
cedd!
celSba
cel3bh
ce¥Sbe
celds!
celdsa
ce33sh
cedic

n

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

SIIISSETZYLIYIIESES

20

hias

-0.51
=0. 45
0.64
=0.28
0.18
-0.54
1.09
-1.38
0.57
-4.89
-4.42
-7.18
-6.50
-8.30
-6.61
-b.47
-0.83
-2.85
-3.74
-3.83
=b.11
-10.43
0.42
1,17
-1.27
~6.98
-6.77
1,99
-3.55
-3.96
1.86
2.4
-3.02
=2.50
-3.89
-3, 63
-5.46
-2.%9
-4.20
-4.11
=3.00

rase

3.50
.
3.02
3.44
3.99
4,02
6.93
8.32
3.30
9.69
8.80
10.07
9.55
11,16
9.51
9.79
6.77
4.87
5.59
7.76
12.19
15.38
8.26
18.03
16.84
16,51
12.11
12,34
10.83
8.10
1.2
12.54
10.49
10,33
11.56
12,35
10.19
12.54
11.80
11.53
10.49

(idel

2.62
3.09
2.72
3.28
3.52
3,45
6.59
6.87
4.4
27
7.4b
9.16
8.79
10.41
8.51
8.94
b.18
3.75
4,45
L.6b
10.98
13.96
.96
11.90
9.37
9.31
8.12
10.40
8.42
1.0
9.30
10.09
8.21
1.98
9.89
10.97
9.21
10.48
10.11
9.90
8.21

=2%3=

s(idel!}

2,58
2.30
222
1.98
2,33
.19
5.06
4,32
3.25
3.92
5. 67
6.71
6.57
1.57
6.59
4.82
4,727
3.16
3.59
5.16
1.14
7.43
.40
12.67
13.26
12.85
8.64
9.31
9.36
8.21
8.6b
10.04
9.48
9.35
6.90
.22
4.48
7.5
1.05
6.78
9.45
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Case

vella
vell
vella
vell
ved
vels
velb
vel?
velB
vell
vel?
vell
veld
veld
veldaa
velh
velshs
velds!
veJis2
velSc
velb
vel7
velB
ced!
cella
ce3lb
cedlc
cel?
cel2a
cel2h
celd
celda
celsh
celhl
celdha
celSbb
cedShc
celis!
cedisa
celish
celSc

n

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

17
17
17
17
17
17
17

17
17
17
17
17

17
17

bias

-0.92
-0.12

0.24
-0.82
-0.59
-1.33

0.12
-3.97

0.29
-5.21
-5.4
-8.25
-1.49
-9.80
-1.74
-7.83
-0.50
-3 18
-4.25
-4.34
-7.485
-12.47

0.57

1.89
-8.11
-1.7
-7.48

2,43
-4.17
=464

2,63

3.37
-3.40
~2.76
=35
-4.95
~4.5b
-2.38
-1.99
-3.89
-3.38

rose

3.70
4.1¢
3.1
4.2
4,38
4.34
1.57
7.85
.21
10,44
9.79
11.37
10.79
12. 64
10.77
11.09
7.82
5.18
6.05
8.76
13.88
16.91
9.37
19.43
18,32
17.94
13.12
13.87
12.14
6. 99
12.713
18.27
11.92
11.72
12.54
12.94
10.19
13.79
12.83
12,92
11.91

(idel D

2.75
3.30
2.85
3.39
3.67
3.69
6.97
&, 48
4.98
7.%7
B.1¢
10.31
9.93
11.90
9.89
10.21
b.B8
3.97
4,80
7.5
12.66
15.13
7.89
13.43
10. 46
10.62
8.98
11,63
9.30
7.83
10.68
11.61
9.39
9.12
10,67
11.39
9.34
11.68
10.93
10.70
9.40

_2?,‘._

s(idell)

2.72
2.41
2,30
1.99
.73
2,50
5.34
4.22
J.24
6.11
5.87
6,62
b.4b
7.19
6.42
6.34
8.2
319
3.83
3.04
6.37
7.34
6.50
13.18
14.14
13.66
9.09
9.63
9.92
6,94
8.67
10,15
9.82
9.1
6.9
6,33
4.4
7.65
7.05
6.77
9.80

appendix M



case

ve?la
vel?
vella
vell
veld
veld
veé
vell
vel8
vell
vel?
vell
veld
veld
velSaa
veldb
velSbs
velds!
velds?
velsc
velh
vel7
velB
cell
cella
cellb
cellc
cel?
cel2a
cel2b
cels
celSa
celsd
celSh!
celdba
celSbb
cedSbc
celds!
celisa
celish
ce3dc

n

16
16
16
16
16
16
16
16
16
16
16
1¢
16
16
16
1¢
16
16
16
14
16
16
ib
16
16
14
16
16
16
16
16
14
16
16
16
16
16
16
16
14
16

hias

-1.18
~0.26
0.15
-1.09
-0.95
-1.61
0.28
-3.98
=0.02
-§.51
=9:50
-B.43
-7.42
-9.90
-7.84
-7.93
-0.10
-3.04
-4,05
-4.47
-8.88
-12.88
-0.01
3.90
-4.56
-4.31
-3.31
4.2
-2.55
-4.01
3.58
4.97
-L.7S
-1.15
-5.16
-6.36
-3.83
-4.77
-3.58
-3.4
-1.73

rase

3.70
4,21
3.19
§.18
4.25
4.5
W
7.97
6.18
9.9
10.02
11,59
10.88
12,84
10.95
11,28
7.60
5.18
5.9
8.95
13.34
17.23
9.25
13.18
9.55
9.58
8.32
13.00
9.99
8.47
12.63
13.48
9.72
9.71
11.57
12.13
9.78
12.48
11.95
11,63
9.73

(idel)

2.69
3.35
2.90
3.92
3.4
3.83
7.24
6.86

4

7.30
B.68
10.46
10.00
12,14
9.92
10.47
6.62
3.90
4,82
7.89
11.86
13.80
7.6b
10.73
7.38
7.66
1.09
10.74
1.79
1,09
10.44
10.75
7.90
1.70
8.7
10.60
B.90
10. 66
10.08
9.84
1.92

=295

slidell)

2.80
2.48
2.36
2.03
2.49
.57
5.40
§.29
3.32
3.99
5,65
b.67
6.67
7.34
6.56
.46
4.39
3.28
3.67
3.02
5.64
7.04
b. b4
7.38
6. 47
6.33
4.89
9.43
7.9
6.5
8.89
9.683
7.91
8.00
6.01
3,60
§.21
6.61
6,30
3.97
1.91

appendix M



case

veZla
vel?
vella
vell
veZd
vels
vels
vel7
vel8
vell
vel?2
veld
veld
veld
veldaa
velsh
velidhs
velds]
velds?
velic
velb
vel7
velB
cell
cella
cellb
cedlc
cel?
celZa
celh
celds
celda
celsh
celdbl
celSha
celshb
celSbc
ce3ds!
celdsa
cedish
celdc

n

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

-15.0¢
-13.02
-13.01
-0.5!
-4.55
-6.14
-9.27
-9.72
-18. 04
=2.60
1.83
-13.52
-13.07
-12.95
2.94
=7.65
-8.58
2,43
2.57
-1.82
-1.34
-3.88
4. 41
-b.61
~4.68
-6.23
-5.95
-7.80

rase

§.99
4,51
4,27
A
3.73
3.32
.82
6.8t
13,35
12.54
14,54
13.39
15,94
13.94
13.99
.66
6. 13
1.62
10.58
16.31
19.75
10.74
25.44
23.91
23.40
16.84
16.83
16.42
11.80
16.91
18.72
15.97
15.19
14.48
14.70
10.73
16.04
14,83
14.36
13.37

Cidel )

3.73
370
3.52
3.19
2.92
2.6¢
B.24
5.91
5.38
11,26
10.18
13.30
12.61
15.19
13,06
13.03
B.67
LIYAS
6.23
9.33
14,47
17.50
8.72
19,61
15. 49
13.78
12.68
16.81
13.71
10.77
14,95
15.76
12.57
11.91
£3.08
13.41
10.23
14.44
13.39
13.00
12.59

~29¢-

s(idel!)

3.20
2,93
2.74
2,15
2,65
2,59
.03
3.09
3.86
3,76
6.9
6.08
3. 74
3.86
3.50
3,67
4.44
3.82
3.81
3.18
6.91
7.28
B8.08
14,03
16,50
15.93
10.15
9.76
10.80
6.31
8.85
11.28
11.70
11.83
.85
6.36
71
1.32
7.04
6.74
11.65

appendix M



Case

vella
ve2?
vella
vell
ve2d
vels
ve2b
vel’
velB
vell
vell
veld
veld
veld
veldaa
velsh
veldbs
velds!
velis2
velit
velb
vel?
velg
cell
cella
celib
cedle
cel?
ced2a
celzb
celd
celsa
celd
cel5hl
celSha
celbh
celSbe
celis!
celdsa
celish
cedsc

bias

-1.99
2,48
2.25
1,55
1.14
0.42
1.34

=243

-4.82

~8.34

-8.50

-14,27
-12.85
-15.83
-13.76
=13.75

0.27

-4.48

-5.98

~2.9%

-12.468
-19.18
=3.37
9.10

-1.71

-7.47

-9.49
3.99

-4.93

=17
.27
3.51

-5.15

-4.77

-9.14

-9.84

-9.04

-8.12

-9.48

-9.14

=3.13

rase

3.10
4.68
4.45
3.59
326
3.39
9.73
7.09
.87
13.03
13,13
15,15
13.80
16.54
14,49
14.54
9.82
6,24
T.61
11.07
15.51
20,53
10. 564
17.13
12.41
12.39
10.46
17.98
13.57
11.25
17.12
17.%2
12.50
12.33
12.96
13.41
9.98
14,35
13.46
12.94
12.53

{idel >

3.74
3.83
3.68
3.02
2.49
2,45
8.85
6. 14
5.22
10.80
11.29
14,26
13.04
15,99
13.84
13.83
8.76
4.49
6.05
10.10
13.48
18.95
8.39
15,53
10.80
11.09
9.75
13.81
11.51
10,13
14.99
14.70
10.27
9.70
11.75
12,22
9.54
12,94
12.14
11.73
10.31
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slidel!)

3.39
3.07
2.8h
2.2
2.4
2,66
6.07
3.1B
4,06
3.91
5.87
.38
5.9
3.81
3.21
3.42
.70
3.82
4.00
4.85
6,15
6.00
8.50
3.91
b.4b
b.16
§.38
9.79
8.76
6.39
9.38
11.42
9.73
10.12
3573
N
4.42
6.18
6.17
3577
9.72
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case

vella
vel?
vella
veld
veld
veld
veZb
vel7
vell
vell
vedZ
veld
veld
veld
veldaa
velsh
velSbs
velis]
velds?
velic
velh
vell
veld
cell
celfa
celib
cellc
cel?
celZa
cel2h
cels
celda
celd
cel5hl
celSba
cel5bh
cedhe
celds!
celisa
celish
cedsc

bias

-1.95
-1. 46
0.39
=0.02
0.14
-0. 54
=2.06
2. 68
“1.29
LY
-4,9?

-&.40
=b.11
-6.78
-5.69
=577
-1.07
=173
-4.82
-4, 11
=3.10
-8.22
-0.80
-7.48
-13.95
-13.32
-11.68
-4.72
-8.28
-7.48
-3.22
-3.48
=115
-6, 68
-3.21
-1 3
=3.02
-1.99
-3.35
=3.19
=7.15

rase

3.89
3.21
2.78
4.35
3.82
.13
35.15
.22
6.7¢
11.17
10.79
9.53
8.12
9. 66
B.46
8.66
5,63
6,05
6.99
7.21
11.06
11,60
9.94
24.27
26,61
26.04
18.10
9.60
13,89
10.02
6.06
8.41
11.87
11.46
12,14
12.80
9.78
12.94
12.28
11.93
11.84

Cidel D)

2.83
4.37
M
2.84
2.%
.47
.90
.05
b.48
e.17
1.99
1.69
7.14
8.50
1.24
1.32
5. 40
4.26
3.49
3.3
10.44
8.7
9.26
13.11
15.84
15.50
11.56
8.11
11.75
9.34
.8
5.4
9.34
8.n
10.68
12.02
9.91
11.36
10.98
10.67
9.3

_298_

slidel!)

2.57
2.19
2,50
2.33
2.51
.33
3.7%
2,13
4.00
7.34
8.7
&M
5.54
6.32
T3
3.98
3.49
1.
4,94
5.38
8.79
9.19
8.40
19.70
20.%0
20.18
13.70
8.62
1.4
6.72
478
9.06
11.36
11.19
10.17
9.12
3.76
10.94
10.42
10.03
1.3
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In this appendix the values of the wave period T as coaputed by HISHA at the
sever sites, are directly compared with the corresponding values Te-10 as re-

sulting fros the measuresents.

The value of T used here

is the value as is

denoted by (T} in appendix J. The relative error between T and Ta-10 is also
The results for all

given and is denoted as del.
with HISWA are given.

The relative error del is defined as del = [(T - Te-10}/Ta-1013100 1.

site
vella
19
10
18

=

site
vella

10
18

39
29

site
ve2d
19
10
18

39

1

1.211
1.211
1.211
0.973
0.973
0.973
0.973

1,220
1.220
1.220
0.777
0.777
0.717
0.7

1.147
1.147
1,147
0.765
0.767
0.767
0.767

Te-10

1,200
L.211
1.210
1.191
1.104
1125
1,109

Te-{0

1.222
1,221
1211
1.234
1,153
1,143
1,184

Te-10

1,126
1.148
1.112
1.172
1.076
1.075
1.085

del %

0.94
0.04
0.12
-18.31
-11.87
-13.54
-12.30

del 1

-0.20
-0.10
0.78
-37.04
-32.58
-32.01
-34.37

del 1

1.88
=0.08
3.1
-34.67
-28.74
-28.67
-29.38

ve2?

veZl

veZs

site

19
10
18

FEILE

site

19

e B -

site

19
10

FVLEE

T

1.220
1.220
1.220
0.787
0.787
0.787
0.787

1.204
1.204
1.204
0.78!
0.782
6.782
0.782

1.182
1.182
1.182
0.770
6.711
0.771
0.772

Te-10

1.222
1.224
1.211
1,234
1,153
1.143
1.184

Te-10

1.204
1.205
1,187
1.189
1.088
1.073
1.072

Te-10

1. 184
1.183
1.160
1,162
1.O7
1.0
1.081

verification comsputations

del ¥

-0.20
-0.10
0.78
-36.23
=372
-31.14
-B.8

del I

-0.02
=0.06
1.42
-B.17
-28.11
=77.10
-27.04

del 1

1.5
-0.05
1.9
-B.74
-28.30
-25.87
~21.24
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ve2b

velB

vell

vesd

site

19
10
18
38
39
29
26

site

19
16
18
38
39
29

site

19
10
18
38
39
29

site
19
10
18

39

T

1.205
1,205
1.205
0.780
0.780
0.78!
0.78¢

1,464
1,464
1. 464
0.822
0.822
0.822
0.822

1.218
1.218
1.218
1,183
1.182
1.069
1.018

1.197
1.197
1.197
1.042
1117
£.019
0,888

Te-10

219
206
.188
A67
. 056
081
. 200

— e pn P pa . s

Te-10

1.371
1466
1.384
1.918
1.915
2.211
1,833

Te-10

1.218
1.218
1.210
1.213
1116
1.098
1.071

Te-10

1,183
1.198
1.198
1187
1110
1,093
0.962

del %

-1.15
=0.11
1.43
-33.14
-26.11
=27.74
-34,50

del 1

6.76
=0.12
.79
-37.14
=57.07
-63.91
-95.16

del 1

-0.03
0.02
0.68

4. 73
3.91

~2.43

-4.9

del 1

1.05
-0.12
-0.04
10.48

0.45
-6, 14
-7.49

vel7

vel2

veld

-300-

site

site

19
10
18

2324

site

10

BVEdE=

T

1.173
1.173
1173
0.774
0.775
0.777
0.783

1.212
1.212
1.212
1.064
1.181
1,032
0.883

1141
1.141
1.14]
1.004
1.070
0.981
0.846

Te-10

1.191
1.179
1.174
1143
1.045
1.059
1.0%1

Te-10

1.205
1.213
1.205
1,204
1.126
1.129
1.004

Te-10

1.107
1,142
1.122
1.176
1.078
1.034
0,980

del 1

-1.50
-0.49
=0.11
-32.29
-5.8
=2b.b3
-28.26

del 1

0.55
=0.04
0.59
-11.41
3.14
-8.80
-12.02

ge] 1

3.07
-0.08
1.49
-14.61
0.79
-5.91
=11.61
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vels

veld

veld

veld

ved?

site

19
10
18
38
39
2
28

site

b
19
10
18
38
39
29
28

site

51
19
10
18
38
39
29
28

site
C
19
10
18
39

28

site

19

RLEE

T

1.1
1,169
1,189
1,012
1,089
0,995
0.845

1,149
1.18%
1.169
1.021
1,093
1.000
0.877

1,169
1.169
1,169
0.970
1.039
0.945
0.836

1.169
1.169
1.169
1.037
1.099
1.009
0.899

1.177
1.1m
1.1
0.954
1.034
0.931
0.844

Te-10

1,148
1.170
1. 164
1.168
1.092
1.069
0.96¢

Ta-19

1.148
1.170
1.164
1,168
1.092
1.069
0.966

Te-10

1.148
1170
1.164
1.148
1,092
1,067
0.946

Te-10

1.148
1,170
1.164
1,168
1.092
1.049
0.966

Te-10

1.172
1.178
117
1.183
1.139
118
0.%987

de! 1

1.82
-0.10
0.42
-13.32
-0.24
-6.94
-10.42

del %

.82
=0.10
0.42
-12.53
0.12
=6.47
-9.18

del 1

1.82
=0.10
0.42
-16.92
-4.82
-11.61
-11.75

del 1

1.82
-0.10
0.42
-11.18
0.87
-5.63
-6.90

del 1

0.40
=0.04
0.01
-18.31
5.2
-17.28
-14.33

veld

vels

veld

vels

veld

-301-

site

a3
i9
10
18
18
19
29
28

site

bs
19
10
18
38

39
9
28

site

s2

23485353

site

19
10
18

S

gite

19
10

FBVEL3

1

1.169
1,149
1,149
1.013
1,092
1.002
0.87%

1. 169
1,169
1.169
0.933
1.059
0.959
0.878

1.189
1,189
1,169
0.%66
1.022
0.931
0.849

1.217
L2
1.217
0.937
1.035
0.%02
0.817

1.3
1.3
1.331
1.166
1.297
1.139
0.939

Te-10

1.148
1.170
1.164
1,168
1.0%2
1,069
0.966

Ta-10

1. 148
1170
1.164
1,168
1.092
1.069
0.966

Te-10

1.148
1.170
I.164
1.168
1.0%2
1.069
0.954

Ta-10

1.216
1.218
1.212
1.151
1.171
1.095
1.027

Te-10

1.282
1,332
1.3%
1.364
£.230
1.3510
1.568

del

1.82
=0.10
0.42
-13.24
0.03
-6.28
=2

del 1

1.82
=0.10
0.42
=20.09
-2.99
-10.30
-9.07

del 1

1.82
-0.10
0.42
-17.26
-6. 38
-12.92
-12.68

del 1

0.11
-0.11
0.42
-18.41
-11.54
-17.40
<20.41

del I

3.4
=0.05
-4.50

-14,50

3.6
-24.56
-40.12
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puted principal wave directions.

In this appendix the values of the principal wave directions, tetac, as coapu-
ted by HISHA at the seven sites, are directly cospared with the corresponding

values, tetas, as resulting froa the seasuresents,

The ditference between

tetac and tetas 15 also given (in degrees); there is deltet = tetac - tetas.
The results for all verification cosputations with HISHA are given. The re-
sults for the wave directions of the CREDIZ cosputations have been added also.

site tetac

vella

19 0.00

10 0.00

18 0.00

I8 0.46

39 0,533

29 0.52

28 0.49

site tetac
vella

19 0.00

10 0.00

18 0.00

38 0.35

39 0.37

29 0.37

28 0.3

site  tetac
veZd

19 0.00

10 0.00

18 0.00

38 0.06

39 0.28
ral 0.02
28 =0.53

tetan

3. 42
.32
-2.28
1.7
-3.22
-3.00
-5.32

tetan

-2.74

3.96
-1.51
-8.77
-4.43
-4.34
-5.11

tetas

=316

3.05

0.84
-3.78
4,96
-4.72
=3.39

deltet site tetac
vel?
3.42 15 0.00
-4.32 10 0.00
2.28 18 0.00
-1.25 38 0.36
3.75 39 0.38
3.52 29 0.38
3.81 n 0.36
deltet site  tetac
veld
2.7b 19 0.00
-3.96 10 0.00
1.51 18 0.00
§.12 38 0.01
4.80 39 0.22
4.71 N -0.02
S.47 28 -0.56
deltet site  tetac
veld
3.18 19 0.00
-3.05 10 0.00
-0.64 18 6.00
5.82 38 0.01
5.24 39 0.22
.74 2 =0.02
2.84 28 -0.56

tetan

#2185
3.9
-1.31
-B.77
-4.43
-4,34
=3. 11

tetas

-4,58
2.48
-0.06
-3.83
-10.50
-3.01
.4

tetan

-4.14
2.47
0.29

-4.38

-1.54

-6. 35
1.04

del tet

2.76
-3.%
1.5
9.13
4.81
4.72
3.47

deltet

4,38
-2.48
0.06
3.84
10.72
.99
-2.80

del tet

§.14
-2.47
.29

4.5

1.76

6.33
-1.62
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ve2é

velf

vell

vel3

site

19
10
18
8
39
29
28

site

19
10
18
38
39
29
28

site
19
10

18
38

39
Vsl
28

site
19
10
18

39

tetac

28,59
28,59
28.59
21.93
22.40
22,30

21,88

tetac

0.00
0.00
0.00
0.18
0.19
0.19
0.19

tetac

0.00
0.00
0.00
-32.16
-16.31
-14,85
-13.22

tetac

0.00
0.00
0.00
-33.53
-19.41
-23.08
~21.35

tetaa

19,12
28.68
20.94
-6.684
-21.14
-19.50
-16,70

tetan

-1.2%
3.18
-0.98
0. 60
-2.83
~4. 64
-2.89

tetan

-5.91
0.74
-3.95
-28.63
-8.70
-5.02
-8.54

tetas

-3.42
1.60
-3.61
-14.16
-1.18
-11.95
2.81

-303-
deltet site  tetac
vel?

9.45 19 24.77
-0.09 10 24.77
7.45 18 24.77
8.77 38 16.01
43.54 39 16.02
41,80 2 15.74
38, 56 28 14.75
deltet
1.26
-3.18
0.98
0.78
3.02
4.823
3.08
deltet site  tetac
vel2
5.91 19 0.00
-0.74 10 0.00
3.95 18 0.00
=303 B -M.22
-7.81 39 -19.48
-8.83 " -73.43
-4.68 % -2.2
deltet site  tetac
vedd
3.42 19 0.00
-1.40 10 0.00
3.61 18 0.00
-19.37 38 -32.42
-18.23 3% -18.41
=113 N -9
-24,16 8 -0

tetas

18.87
22.44
23.37
-16.85
-18.53
-21.22
-15.32

tetas

-3.5
1.72
-5.28
=14.11
1.71
-4.04
-1.45

tetan

-6.82
1.85
-5.35
=16.19
~2.7
-7.84
=0.71

del tet

5.90
-4.87

1.40
32.86
34,55
36.94
30.07

deltet

5.57
-1.72
3. 28
-20.11
=21.19
-19.39
-19.76

del tet

6.2
-1.8
3.35
-16.23
-15.9
-14.15
-19.83
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veld

vels

vels

site

19
10
18
38
39
29
28

site
b
¢
10
18

39

28

site

s

10
18

RLEE

site

veld

vel?

C
19
10
18

2RLH

site

19

BRILEs 3

tetac

0.00
0.00
0.00
-33.5%0
19,42
-21.49
-21.82

tetac

0.00
0.00
0.00
=33.10
-19.16
-22.14
-21.00

tetac

0.69
-0.06
0.13
-13.18
~1.50
-2.86
-1.34

tetac

0.00
0.00
0.00
=32.32
-18.26
-21.29
-19.50

tetac

20.42
20.42
20.42
=21.02
-7.87
-10.43
=6.43

tetas

-3.58
134
-3.83
-13.88
=337
-9.64
2.32

tetas

-5.56
1.34
=363
-13.88
-3.37
=9.64
2.32

tetan

-3. 54
1.34
=3.63
-13.68
=337
-9.64
.32

tetas

-53.36
1.34
=3.63
-13.88
=3.37
-9.64
2.32

tetaa

11,15
22.91
21.19
-25.9
~1.11
<2143
~16.39

del tet

3,56
-1.34
3.63
-19.62
-16.25
-13.85
-24, 14

deltet

3.56
-1.34
3.83
-19.22
-15.79
-13.10
=23.32

deltet

6.25
-1.40
3.78
0.70
1.87
6.78
-9.84

deltet

5.5
-1.34

3.63
-16. 4
-14.89
=11.65
-21.82

del tet

9.27
-2.4%
-0.77

4,94
-0.76
11.00

9.94

vels

site

aa
19
10
18
38
39

2
28

site

vels

veld

vels

veld

bs
19
10
18
38
39
il
28

site

52
19
10
168
38
39

23

site

10

dPLEE=

site

19

2349 dE=s3
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tetac

0.00
0.00
0.00
-31.89
-19.17
=22.74
~20, 62

tetac

=0.11
=0.16
-0.16

§.%98
-4.73

0.01
-0.19

tetac

0.39
=0.06
0.15
-11.62
2.88
-0.23
=6.07

tetac

24,56
248,66
24.86
-13.17
=3.43
-3.90
6.78

tetac

0.00
0.00
0.00
-36.89
=22.16
=26.51
-24.12

tetas

=3.56
1.34
-3.63
-13.88
=37
-9.64

™
[y rs

tetas

-3.56

1.34
=3.43
-13.86
-3.35
-9. 44

2.32

tetan

-5, 36
1.34
~3.83
-13.88
=3.37
-9.64
2.32

tetaa

13.53
24,47
16,22
~7.10
0.91
-10.13
-5.71

tetans

-3.04
0.48
-3.43
-15.75
-2.95
1.9
7

deltet

3.36
-1.34
3.63
-18.01
~135.80
-13.12
~22.%4

deltet

3.45
-1.30
3.47
18.86
-1.36
9.63
-2.51

del tet

6.15
-1.40
3.78
2.2
6.5
9.4
-8.39

seltet

9.13
=0.01
8.4
=5.07
4.3
6.73
16.49

del tet

3.04
~0.48
3,43
-21.14
-19.21
-28.47
-26.89
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site

cell

site

celib

site

cel?

site

celZb

site

celSa

19
10
18
38
39
29
28

19
10
18
38
39

28

19
10
18
38

239

19
1]
18

> e - I

19
10
18

2BVYL

tetac

0.00
0.00
0.00
-33.52
-25.85
-39.94
-4.38

tetac

0.00
0.00
0.00
-35.91
-18.13
-45.87
-11,50

tetac

0.00
0.00
0.00
-34.93
-21.80
-32.82
~4.64

tetac

0.00
0.00
0.00
-31.01
-16.84
-31.44
-1.27

tetac

0.00
0.00
0.00
-34.97
=21.70
-32.67
-4.48

tetan

=591

0.74
-3.95
28.63
-8.70
=6.02
-8.54

tetas

-5.91
0.74
-39
-28.43
-B.70
-6.02
-B.54

tetan

-5.37
1.72
-3.28
-14.11
1.7
-4.04
-1.45

tetas

-5.57
1.72
-3.28
-1.11
.
-4.04
-1.45

tetas

-5. 3%
1.34
-3.63
~-13.88
-3.537
-9.64
2.32

deltet site
cella
3.9 19
-0.74 10
3.95 18
-4.89 38
-17.15 37
-33.92 229
4.16 28
deltet site
cellc
5.9 9
-0.14 10
S 18
-7.28 38
-9.45 30
-39.80 29
-2.96 28
deltet site
cella
587 19
-1.72 10
5.28 18
-20.82 38
-23.51 39
-28.78 Val
-3.21 28
deltet site
cels
5.57 19
=Lad2 10
5.28 18
-16.%0 38
-18.15 39
-27.42 n
0.18 28
del tet site
el
3. 56 19
-1.34 10
3.63 18
-21.09 38
-18.33 39
-23.03 29
-7.00 2
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tetac

0.00
0.00
0.00
=36.32
-18,26
-47.30
-11.33

tetac

0.00
0.00
0.00
~32.06
-18.11
-33. 04
-0.57

tetac

0.00
0.00
0.00
-35.38
-16.42
-40.86
-13.21

tetac

0.00
0.00
0.00
-33.76
-24.30
-5.47
=3.64

tetac

0.00
0.00
0.00
-55.41
-16.
-40.74
-13.18

tetan

-3.91
0.74
=3.95
~28.63
-8.70
-5.02
-8.54

tetan

=3.%
0.7
-3.%
-28.43
-8.70
-5.02
-B.54

tetas

-3.97
1.72
-3.28
-14.11
1.1
-4,04
-1.45

tetas

-5.96
1.34
=3.63
-13.88
=3.57
-9.64
2.32

tetas

-3.36
1.34
=3.63
-13.88
=3.%
.64
.32
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deltet

3.91
-0.74
3.95
~1.49
-9.36
-41.28
-2.79

deltet

3.9
-0.74
3.9
-3.83
-9.41
-21.02
1.97

del tet

Y
-1.72
3.28
=27
-18,13
-36.82
-11.76

deltet

3.5
-1.34
3.63
-19.88
-20.93
-19.83
-3.96

del tet

3.36
-1.}4
3.63
-21.8
=13.17
-31.10
~15.50



site
celdh!
19
10
18
38
19
29
28

site
celsbt
19
10
18
38
9
29

site
celss!

10
18

S84

ce3ssh
19
10
18
38
39
29

tetac

0.00
0.00
0.00
-34.96
-1¢.41
-40.05
-13.4¢

tetac

=191
=318
-2.47
=13.21
-0.69
9.41
1.93

tetac

-1.93
-3.78
-2.3%
-13.91
-1.83
9.20
0.88

-1.91
-3.76
=2.435
-13.32
-0.44
9.26
1.90

tetas

-5.56
1.34
-3.63
-13.88
-3
-9.64
2.32

tetas

-5.56
1.34
-3.63
-13.88
=331
-9.64
2.12

tetan

-5.56
1.34
-3.63
-13.88
-3.37
-9.64
2.32

-3.56
1.34
=3.43
-13.88
=3.37
-9.64
2.32

del tet

5.56
-1.34
3.63
-21.08
-13.04
-30. 41

-15.72

deltet

3.5
-3.09
1.16
0.é!
2.58
19.05
-0.37

deltet

3.83
-5.12
.24
-0.03
1.94
18.84
-1.44

3.65
-3.10
1.18
0.56
2,91
16.90
-0.42
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site  tetac
celdba
19 -1.%1
10 -3.75
18 -2.47
3B -13.43
19 -0.77
29 9.2%
28 2.03
site tetac
celshe
19 -2.02
10 -1.81
18 -2.b66
B -4
39 1.98
¥al 10.12
28 0.83
site  tetac
celdsa
19 -1.94
10 -3.78
18 -2.45
33 -13.38
39 -0.20
il 2.2
gl .44
ce¥ic
19 0.00
i0 0.00
18 0.00
3 =354
39 -16. 45
9 -40.78
®  -13.27

tetan

-5.5¢
.34
-3.8]
-13.88
-1.37
-9. 64
2,32

tetan

-5.56
1.34
=363
-1%.88
-3.57
-9.64
2.3

tetan

-3. 56
1.34
-3.43
-13.88
=377
-5.64
.32

=3.36
1.34
=3.43
-13.88
=3.37
-9.64
2,32

deltet

3.65
-5.09
1.14
0.45
2,80
18.90
-0.29

deitet

3.5¢
<. 13
0.97
2.41
2.35
19.76
-1.869

del tet

3.62
-5.10
1.18
0.50
3.17
18.88
-0.88

3.3
-1.34
3.83
-21.33
-13.08
-31.14
-15.57
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In this appendix the values of the directional spread, sigmac, as cosputed by
HISWA at the seven sites, are directly cospared with the corresponding values

signas as resulting from the seasuresents.

The difference between sigmac and

sigsan is also given (in degrees): there is delsiq = sigmac - sigman. The re-
sults for all verification cosputations with HISWA are given.

site
vella

10
18
3E
39
29
28

site
vella
19
10
18
38

22

site
veld
19
10
18

S322s

sigmac

sigmac

12.50
12.50
12,50
11,70
12.07
12.07
12,03

sigeac

24,97
24.97
.97
20.49
20.51
20,57
20.34

sigaae

1B.59
19. 68
16.89
26,34
23.88
27,64
24,12

sigaan

16,44
18.89
16.78
34.78
32,33
31.82
29.07

sigeas

27.20
27,99
25.74
41.12
35.60
37,50
38.93

delsig
ve??
-6.09
=7.18
-4.19
=13, 22
-9.74
-13.49
-10,01

delsig
vell
-3.96
-6.39
-4,28
-23.08
-20.26
-19.75
-17.02

delsig
ve2d
-2.13
-3.02
-0.77
~20.63
-15.09
-16.93
-18.59

site

12
10
18
38
39
29
28

site

19
10
18
38
39

23

site

i9
10
18
38

233

sigmac

12,50
12.50
12,50
11.78
12.17
12.18
12.16

sigmac

2.97
24.97
24,97
20.44
20.33
20.58
20,35

8 gwac

24.97
iy
24.97
20,38
20.43
20.48
20.26

sigaans

16,44
16,89
16,78
34.78
32.33
31,82
29.07

sigean

26.34
27,65
B.73
45.21
37.4
38.30
38.469

sigaan

26,4
7.5
5.3
42.48
15.95
37,19
36.87

delsig

-3.9
-t.39
-4,28
-23.00
-20.16
-19, 64
-16.91

delsig

-1.37
-2,68
=0.76
=24.77
-16.93
-17.72
-18.34

delsig

-1.49
2.3
-0.36
-22.10
-15.52
-17.31
~16.61
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velb

vel8

vell

veld

site

site

12
10
18

v
i

39
29
28

site
19
10
i8

39

23

site

19
10
18

39
29

sigeac

12.36
12.34
12,36
13.06
13.33
13.25

12,91

sigaac

7.11
7.11
7.1
.56
6.83
6.83
6.83

sigmac

12.50
12.50
12,50
17.75
15.73
20,82
24,65

sigeac

24,97
24.97
24,97
20.97
17.38
22.28
29.17

signas

17,16
19.47
18.48
39.71
3,70
37.82
3,04

signas

9.4¢0
13.17

9.83
20.67
16,66
21,43
15.79

sigaas

18.15
21.07
13,64
22.84
25.58
23.30
27.16

signas

75.32
27.09
75.36
30.53
2.51
30.72
36.62

delsig

-4.80
=T.1
-6,32
-26.65
=22.37
-24.57
=26.11

delsig

~2.28
=b. 04
~2,72
-14.11
-9.83
~14.60
-8.9

delsig
vel?2
-5.65
-8.57
-3.14
-3.09
-9.85
-§.48
=251

delsig
vedd
0,35
-2.12
-0.39
-9.56
-12.13
-B.44
-7.45

site

19
10
18

39
29

site

19
10
18

RLE
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§igmac

21.89
21.89
21,89
18.77
18,89
18.72
18. 04

sigaac

12.50
12,50
12.50
15, 69
11.52
17.38
5.7

sigaac

24,97
2497
2.9
21.4
17,75
2.5
29.09

sigean

30,29
30,45
26,54
45.21
38.74
39.82
46.83

sigaas

16.24
19.07
14,01
21.44
pARRY
26,23
26.59

sigaan

26,73
26.80
.4
29.07
29.48
28.64
33.52

delsig

-8.40
-B.5¢
=445
-27.44
-19.85
=21.10
-28.77

delsig

=374
-6.37
-1.51
5.7
=11.85
4.6
-0.87

delsig

-1.78
-1.83
~0.49
-7.6b
-3
=6.07
4.4
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veld

veld

site

19
10
18
38
39
29

28

site

b
19
10
18
I8
39
29
28

site
ve3ds)

19
10
18
38

39
ral
28

site

veld

vel?

4
19
10
18

BRLE

site

19
10

RIE=

sigeac

24.97
24,97
24,97
20,82
17,05
21.87
29,02

sigmac

24,97
24,97
0.9
21,13
17.47
22,34
29.13

sigaac

24,33
23.11
25,40
26.32
24,57
25.83
22.89

sigaac

24.97
297
24,97
21.69
18.29
23.17
9.9

sigaac

22.90
22.90
22.90
25.66
20,28
25.78
31.64

sigaan

26,65
27.08
25.40
28.48
28.07
29.80
34.50

sigeap

26.65
27.08
25.40
28.48
28.07
29.80
34,50

sigaan

26,635
27.08
25.40
28.48
28,07
29.80
34,50

signas

26,65
27.08
25.40
28.48
28.07
29.80
34.50

30.40
29.65
21.57
34.88
28,44
31.42
3.91

delsig site
veldaa
-1.48 19
-2.11 10
-0.43 18
-7.63 38
=11.02 3¢
-1.93 29
-3.48 28
delsig site
velibs
-1.68 19
=2ull 10
-0.43 18
-1.35 38
-10.60 k{
-7.4 29
-5.37 28
delsig site
veJis2
-2,32 19
=197 10
0.20 18
-2.16 38
-3.50 39
=3:.97 29
~11.461 28
delsig site
vels
-1.68 19
<. 1 10
=0.43 18
-6.79 38
-9.78 3
=5.63 Vsl
-53.2 8
delsig site
ve38
-7.50 19
=b.75 10
-4.67 18
-4.22 38
-4.18 .y
=3.6b Vol
-1.27 i)
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sigmac

24,97
24.97
24,97
21.54
17.60
22.30
28.98

sigeac

24,35
25.03
5.40
31.28
26,24
.31
21,55

sigeac

24.40
.11
25,60
5.7
22.50
24,89
22.82

sigsac

12.4
12. 4
12.84
2.10
17.51
3.4
21.53

sigsar

.1
7.11
7.11
11.65
4.3
14.32
24.22

26,65
27.08
25.40
28.48
28.07
29.80
34,50

sigean

26,45
27,08
5.4
28,48
28.07
29.80
34,50

sigaas

26,65
27.08
23.40
28.48
28.07
29.80
34.50

sigsan

18.97
20.87
18.82
31.01
25.80
.19
§0.47

sigean

12.22
5.8

8.99
13.868
1.7
24.06
16.26

delsig

-1.68
-2.11
-0.43
-5.94
-10.47
-7.50
-3.82

delsig

-2.30
=2.05
0.00
2.80
-1.83
-3.49
-12.95

delsig

2.5
-1.97
0.20
-2.76
=3.57
-4.91
-11.68

delsig

=6.53
4.8
-5.38
-8.91
9.9
-14.33
-12.9%4
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APPENDIX R. Measured and computed current fields.

In this appendix the results of the current computetions are given, using
the driving forces as resulting from HISWA computations ve3Sa and we35s2.
The current computation which used the driving forces from HISWA computa-
tion ve33s! is not considered here because the computational results are
not any more available. As the purpose of this appendix is to compare the
computed current fields with the measured one (®me35) on 81 locations in =
grid of 3 by 3 m (see appendix D), at these measuring points the computed
current fields given by the x- end y-components ux and uy have been inter-

pelated from the fields given in curvilinear coordinates.

The ODYSSEE computations are denoted vith ve3Sa and ve35s2, according to
the HISWA computations from which the driving forces are cbteined. Because
it is difficult to decide whether the current field in an ODYSSEE computa-
tion has become fully developed, and for ve35a a number of 30 time steps
vith 10 8 steps seemed to suffice, another 30 timesteps heve been perfor-
med; the resulting computation has been denoted ve3Saz. Because it can be
shovn that in breeking vaves also a mass flux correction should be applied
in the continuity equation (see chapter 5), also a current cowmputstion with
mase flux correction, ve35am, has been perforeed; here was started with the
current field as resulting from ve35a and 30 more tiwmesteps of 10 s each
vere computed. The effect of mass flux correction can then bee seen wupan
comparing the current fields from ve35am and ve35Saz. (Notice that the codes
ve3Saez and ve3Sam have been chosen such that it is clear that the driving
forces froe HISWA computation ve35a have been used and the addition of °z°
eand °m® have been chosen according to the Dutch vwords ®zonder® (English :
vithout) end °met® (English : with).)

Using the interpolation method as described in chapter S, with @& search
radius of 1.7 ®», the values of the tvo horizontal velocity cosponents, ux
and uy, have been obtained in six significant digits. From these values the
absolute value of the current velocity, u, and its direction bhave been
determined. These resulting velocities have been given furheron in cm/s
vith one digit behind the decisal point (thus in three significent digits
at most) and the vave directions, @ , (from u-direction) have been given in
degrees accurate. The coordinate frame as used here is the same as the one
used in sppendix D. For intercomparison purposes the velocity variables wu,
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ux and uy as resulting from the computations are in cm/s wvith two decimals;

for the directions 6 also tvo decimale are used.

The results of the current computations ve3Se, ve3S5az, ve3Sam end we3S5s2
have been given belov in Tables R.1-R.4, R.5-R.8, R.9-R.12 and R.13-R.16
respectively. Here u, @, ux and uy have been given. Vector plots for the
currents at the measuring positions have been given in Figures 79-82. The
currents and the stream function plots as determined at the computational
mesh have been given in Figures 67-76 (also for ve35sl) and the computea-
tional mesh ie given in Figure 66.

In order to facilitate a direct comparison with the measured currente for
the measuring condition me35S as given in Tables D.3-D.6, the deviation be-
tveen the computation and the measurement has been given for each point.
For u the deviation is thus defined ae [{u(computed) - u(measured)). The de-
viaetions for the cases ve35s, ve3Saz, ve3Sam and ve3Ss2 have been given in
Tables R.17-R.20, R.21-R.24, R.25-R.28 and R.29-R.32 respectively. BNotice
that for the devietions in directions figures larger than 180° occur; here
the complement of 360° should have been taken in order to have a clear
notion on the difference in direction; this has not been carried out for
simplicity and to preserve the smign of the deviation.

To obtain some overall measure for the observed deviations of the computed
current fields, ve calculated the mean and the standard devietion of the
@bolute values of u, ux and uy at the 81 measuring positions. Also the mean
and standard deviation of the sbsolute values of the deviations have been
computed. The results have been given in Table E.33.

Based on the figures of Table R.33, the conclusion is that the ocurrent
field ve3Sa comes closest to the measured current field, me35. That ve3Saz
perfores less wvell than ve35a poses a problem insofar that a current coBpu-
tation proceeding over 10 minutes physical time gives somevhat less result
than a computation over S minutes. It may be well true that the ocomputa-
tion of ve33Saz did not yet reach its ultimate steady state condition.

Furthermsore, no sensitivity due to the chosen time step has been deter-
sined. In a sense these current computations are to be considered as only @
first try to predict the current field in @ realistic situstion. 4As the
plotted current fields shov, the general appearance is rather good for
ve3Sa, ve3Saz and ve33am. Only the current computetion ve3Ss2 gives unreal-
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istic results; this has still to be analyzed further.

Concerning the performance of the computed current fields ve35a and ve3ss2,
ve notice that case ve35es performs best. This was not to be expected. The
driving forces from the HISWA computation in which current wefraction on
basis of the measured current distribution has been teken into asccount vere
expected to yield better results, also in viev with the wmuch better vwave
height prediction as vas obtained for that case. We remark +that in HISWA
the driving forces are calculated by numerical differentiation of the
radiation stresses; because the mesh in y-direction is rather large (1 w),
certainly vhen compared to the mesh-size in x-direction (0.1 m), numerical
errors may be obtained. One feature of the driving forces as resulting from
HISWA computetions ve35a and ve3582, which could be responsible for the
less performance of ODYSSEE computation ve35s2 is that for wve35s? the
driving force directions near the side valls are not parallel to those
valls, as is the case for ve35a. This may be well due to an error in the
introduced measured velocity field as is discussed in appendix D; hovever,
ve expect that the problem of extending the velocity field to the whole of
the computationel domain of HISWA is of wmore importance here. Also the
impossibility to use refelecting boundaries in HISWA Bay be important here;
this is especially true vhen (small) errors in the directions of the measu-
red velocity are present. Notice in this connection that the measured velo-
city field as obtained on the parallel lines closest to the sidevalls of
the basin have been used to extend the velocity field outside the physical
basin; at the sidevalls the velocity field is by necessity parallel to the
vall, but this needs not to be true with such an extension method. It is
nov our idea that current refraction due to such ineccuracies in the intro-
duced current field are responsible for the occurency of extra circulstion
cells in the current computation, see Figures 46 and 47 for ve35s2 and
ve33si.

To obtain more information on the difference betwveen the velocity fields, e
statistical evaluation of the performance of the current computetions has
to be carried out. Because the direction of the current vectors is =ov of
importance, a procedure as proposed by VWillmott et al. (1985) should be
folloved. Notice that Willmott’s procedure as used so far is besed on aca-
ler quantities; the corresponding procedure for vector quantities has aot
yet been vorked out by us. In order to obtain nonetheless some idee of the
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performance of the current computations, wve used the scalar procedure for
the quantities u, ux and uy separately; it has to be stressed that the re-
sults for u are of more use than those of the components ux and uy; hov-
ever, for perfect agreement all three should be correct. We give results
for u, ux and uy in Table R.34, but more value should be attached to those
of u than to those of ux and uy. The latter ones are in fact given to make
this clear. It has to be stressed that the relative measures for ux and uy
are nearly senseless because the means of ux and uy are very small, but to
make this clear the results of the secondary parameters have been given in
Table R. 3S.

In order to shov the difference betveen the current computations ve35a,
ve35az and ve35Sam more clearly, an intercomparison of these cases i=s given
by calculating the difference betveen these cases. The differences betveen
ve35az and ve35a are defined, for u, as u(ve35az) - u(ve3Sa); for the dif-
ferences betveen ve35am and ve35a a similar procedure has been folloved.
The differences betveen ve3Saz and ve35a have been given in Tables R.36 to
R.39 and the differences betveen ve35am and ve35a have been given in Tables
R.40-R.43. The differences betveen ve35az and ve3Sam have been given in
Tables R.44-R.47 in order to shov the effect of the mass flux correction
tere in the continuity equation; here the difference for u is defined as

u(ve3Saz) - u(ve3S5am).

The interpolation method used is one suited for interpolating from s random
grid to a rectangular grid. A search redius has to be chosen and the points
of the random grid lying vithin the circle sround the desired position with
this radius are used; see chapter 5 for a description of the procedure. The
result of the interpolation depends on the search redius. This dependence
has been investigated for current computation ve35a by choosing different
search redii. The search radii 1.15, 1.45 and 2.30 m have been chosen to
compare vith the radius 1.70 m used in the situations before. The welocity
fields at the weasuring positions ss resulting wvith these seerch redii have
been denoted by ve35-115, ve35-145 and ve35-230 end these cases bhave been
compared vith ve35a, in vhich case the search radius of 1.70 & has been
used. The differences betveen ve35-115 and ve35a have been given in Tables
R.48-R.51; here again the difference in u 4is defined as (u(ve3S-115 -
u(ve33a)]l. The differences as obtained for ve35-145 and ve35-230 have been
given in Tables R.52-R.S55 and R.56-R.S59 respectively. In order to shov the



-314- appendix R

differences clearly all differences of 0.00 for the velocities and 0.0 for
the directions have been given as O in these Tables.

To shov the difference in performance of these velocity fields compared
vith the measuresents me35, the mean and standard deviation of the absolute
values of the measurements, the computed values and the devistions betveen
them on the 81 measuring points have been given in Table R.60. The statis-
tical parameters have been given in Tables R.61 and R.62. In terms of the
parameters as given in Tables R.60-R.62 the differences in velocities due
to different search radii in the interpolation procedure are very slight. A
thorough check on the interpoclation method is possible in the present case
by applying the same wmethod to the coordinates as they are given for the
curvilinear grid together with the velocity components ux and uy.

Using the search radius of 1.70 ® the x- end y-values after interpolation
appear as they are given in Tebles R.63 and R.64. For the depth values the
values as given in Table R.65 eare obtained. Applying the interpolation
procedure also vith search radise of 1.15, 1.45 and 2.30 m, the differences
vith the exact positions ae given in Teble D.1 and D.2 are given for the x-
coordinates in Tables R.66-R.69 and for the y-coordinates in Tables R.70 -
R.73. These differences give some idea of the errore in the velocity field
vhich are due to the interpolation procedure alone. It would be edvisable
to devise an interpolation procedure vhich makes good use of the regulari-
ties vhich are present in the curvilinear coordinate system instead of re-
garding all values as lying on @& purely random grid. It should be reearked
that the errors due to the interpolation method are not ®o serious that the
given velocity fields are wmuch in error sothat the velocity fields as ob-
tained from interpolation do not reflect the properties of the computation;
the point is that it could be done in a better, more precise wvay.
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Table R.2 Case ve35a, current directions @, in degrees.
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Table R.5 Case ve35az, current velocities u, in cm/s.
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Table R.9 Case ve35Sam, current velocities u, in cm/s.

23. 38. 62.

12,
37.

~18.
-40.

=235,

-40.

71. 82.

S3.

11.

-19.

-43.
-126.
-155.
-157.
-161.
-164.
-173.

-335.

-76.

92
79
S0
93.
97
103

a8z
87
92
99.
113
129

75.

as.

95
1i0
13z2.
149

70
105

99
i121.
149
163

25,
142
109
148.
173
178

-63.

-88.
-110.
-126.
-137.
-146.
-164.

~-74

-89.
-101
~11l.
-117.
-122.
-147.

-83

=90,

-96.
=100
-103.
-105.
-142,

174. le8. 159. 122.

179.

Table R.10 Case ve3Sam, current directions 8, in degrees.
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Table R.12 Case ve35am, current velocity components uy, in ca/s.
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Table R.13 Case ve3582, current velocities u, in cm/s.
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Table R.14 Case ve35s2, current directions 8, in degrees.
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Table R.15 Case ve35s2, current velocity comsponents ux, in cm/s.
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Table R.22 Case ve3Saz, deviations for @, in degrees.
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Table R.23 Case ve3Saz, deviations for ux, in cm/s.
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Table R.26 Case ve3S5am, deviations for @, in degrees.
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Table R.29 Case ve33s2, deviations for u, in cm/s.
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Table R.30 Case ve35s2, deviations for @, in degrees.
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Table R.31 Case ve35s2, deviations for ux, in cm/s.
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4.82 3.81
2.56 1.78
3. 00 2.42
2.99 2.35
4,37 4.12
2.18 1.86
2.39 1.90
2.47 1.88
4. 16 3. 57
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case n (Um) {Uc) silm) si(c) a b @2P rase Teses rEseu o dl
m/s /s /s /s /s /s /s oa/s /s

velsa u 81 10.12 8.69 6.18 5.27 .08 0.7 27 324 209 2.48 0.9 0.68
veldaz u 81 10.12 7.74 6.18 5.28 0.60 0.T1 .46 421 299 297 0.86 0.62
veloan u 81 1012 7.13 618 5% -1.27 0.83 364 437 217 201  0.87 0.63
velds2 v 81 10.12 6.5 6.18 4,87 1,70 0.48 4.82 6.12 477 3.8 07 0.5
veloa ux 81 1.41 1.5%5 969 673 03 0.8 2.5% i .41 &77 0.97 0.81
velSaz ux 81 1.41 1.46 9.69 7.86 0.40 0.75 3.00 384 2,41 299 095 0.77
veloan ux 81 1.41 1.80 9.69 799 o072 07 29 317 a¥ 3100 0% 0.7
velss2 ux 81 1.41 0.71 9.69 6.4 -0.04 0.53 4.37 5.9 457 3.87 0.85 0.64
ve3sa uy 81 -1.5%6 -0.39 6.59 .00 0.7 0.71 218 2.86 221 1.81 0.9 0.7
velSaz wy 81 -L.5%6 -0.X 659 4% 075 0.69 2.33 3.04 2.3 . 093 073
velSan uy 81 -1.5%6 -0.42 6£.59 4,43 0.5 0.63 2.47 3.10 2.68 .%9 092 071
ve3ss2 uy 81 -1.56 0.08 6.39 5.02 0.82 0.47 4,16 5.4 3.8 391 0.7 0.5

Table R.34 Primary statistical parameters for the curvent.

case n bias [nSk] rese rEses rEsey pes g sd re
% % % % % % ¥ %

vedsa u 81 14,10 27.18 232.03 20.61 24,3 41.39 38.61 28. %4 0.78
velaz v B! -23.% 34,17 41,65 23.%4 29.35 30.33 49,67 34.58 0.68
velsan u B! -29.56 36. 02 43.19 31.31 23.76 2.5 47.47 31.69 0.74
ve3dsl u 81 -B.12 47.60 60.52 47.18 37.9% €0.78 39.22 43.60 0.37
velia u 81 10.24  181.81 220.90 100.42 196.75 20.66 734 222.03 0.%
veliaz w 81 339 21293 271 17.41 21219 38.49 60.51  £74.46 0.65
velSem u 81 g7  212.30 289.15 164.37  213.13 3.3 62.70 289.39 0.86
vedss2 w 81 48.33 310,47 425.43 34,74 274.B4 B.27 4,73 45.17 0.64
velta wy B81 78,71 138.85 183,42 14164 116.53 .64 §0.36 16436 0.87
velSaz w 81 7.20 153.60 195.50 i51.88 12310 60.5 BEES IR 0.5
velas wy 61 2.7 21230 &9.15 16437 21313 37. 3% 2.7 889.39 0.86
wel3ss2 sy 81 100.3%5 267.03 I0.87 #4517 B51.00 8482 .18 XB.T7 0.3

Table R.35 Secondary statistical parassters for the current.
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Table R.36 Difference betveen ve35az and ve35a, u, in cm/s.
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Table R.37 Difference betveen ve3Saz and ve3sa, €, in degrees.
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Table R.38 Difference between ve3Saz and ve3Se, ux, in cm/s.
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Table R.39 Difference betveen ve3Saz and ve33a, uy, in ocm/s.



-1.06
-1.99
-3.21
-7.43
-7.49
~4.42
-2.19
-1.26
=0.50

appendix R

-1.16
=0.90
-0.17
-0.88
S. 86
-1.26
-1.02

-0.39

-1.26
-0.87
-0. 44
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-1.37
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Table R.40 Difference between ve3Sam and ve35a, u, in cm/s.
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Table R. 41
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0.27 -0.06
0.03
.04
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0.54
0.17
0.23
0.29

D. 49

-0. 45

-1.37 -0.99 -0.24
1.03
0.04
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0.57
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0.97

-1.21
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olm
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0.19
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-3- 22

-0. 49
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05“
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1
i
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-ol 27
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=0. 54
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-0.22
-0.06
-0.12
-0. 15
-0.11
0.12
0.27
0.31

-0.01
Table R.43 Difference betveen ve3Sam and ve3Sa, uy, in ca/s.

Table R.42 Difference betwveen ve3Sem and veldda, ux, in ca/s.
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Table R.44 Difference betveen ve35az and ve35am, u, in ca/s.
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Table R.45 Difference betveen ve35az and ve3Sam, €, in degrees.
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Table R.46 Difference betveen ve3Sez and ve33am, ux, in cm/s.
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Table R.47 Difference betveen ve3Saz end ve3lam, uy, in om/s.
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Table R.48 Difference
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Teble R.52 Difference betveen ve35-145 and ve35a, u, in cm/s.
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Table R.53 Difference betveen ve35-145 and ve35a, €, in degrees.
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Table R.54 Difference betveen ve35-145 and ve3Sa, ux, in cw/s.
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Table R.55 Difference betveen ve35-145 and ve35a, uy, in cm/s.
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Table R.56 Difference betwveen ve35-230 and ve35a, u, in cm/s.
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Table R.57 Difference betveen ve35-230 and ve35Sa, &8, in degrees.
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Table R.58 Difference betveen ve35-230 end ve3Sa, ux, in cm/s.
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Table R.59 Difference betveen ve35-230 end ve3Sa, uy, in cu/s.
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Table R.60

vel3o-115
veld5-145
velSa
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velsa

veli230
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el.
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uy
uy
uy
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Beas.
<|.|> s}
10.12 6.18
10.12 6.18
10.12 6.18
10.12 6.18
7.20 6.59
7.20 6.39
7.20 6.59
7.20 6.59
3. 34 4.13
S.34 4.13
3. 34 4.13
S. 34 4.13

comp.
<|- > st}
8.68  5.21
8.69  5.28
8.69 5.27
8.67 5.25
6.50 5.91
6.52 5.97
6.52 5.97
6.50 5.94
3.94  3.16
3.89  3.21
3.88  3.22
3.88 3.2

Heen and standard deviations
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a1
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81
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(Um}
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10.12
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10.12
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1. 41
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-1.56
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8.69
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s(lm) s(lUc)
/s /s
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6.18 S.28
6.18 327
6. 18 5.8
9.69 08.68
9.63 O&.73
8.69 A.73
9.69 &7
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6.5 %05
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6.5 505

devi
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Table R.61 Primary statistical paraseters for the cwrvent.
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Table R.62 Secondary statistical paraseters for the cerremt.
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Table R.63 Interpolated x-values for the 81 points; x in m.
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Table R.64 Interpolated y-values for the 81 points; Yy in m.
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288382988
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883923888
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I9I939%¢98
383888888
CR R R R R

Table R.65 Interpolated depth-values for the 81 points, in om.
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0 0 o} 0 0 0 0 0.01 0
0.23 0.05 0 0.14 0.12 0. 14 0.15 0.11 0.23
-0.23 -0.05 0 0 0 0 0 =-0.11 =-0.23

0 0 0 (4} 0 0 0 0.01 0
0.01 0 0 0 0 0 0 0 =0.02

0 0 (4] 0 0 0 0 0.01 0

0 0 0 0 0 0 o 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 (4} 0 0 0

Table R.66 Difference betveen interpolated and exact positions, in ®;
x-coordinates; search radius 1.15 m.

0 0 0 0 0 0 o} 0.01 0
0 0.05 0 0.14 0.12 0.14 0.15 0.11 0
0 =0.05 0 0 0 0 0 -0.11 o
0 0 0 0 0 0 o 0.01 0
0 0 0 o 0 0 o 0 -0.02
0 0 0 0 0 0 o 0.01 0
o 0 0 0 0 (4] o 0 0
0 0 0 0 0 0 0 0 0
0 0 1] 0 0 o 0 0 0

Table R.67 Difference betveen interpolated and exact positions, in m;
x-coordinates; search radius 1.45 m.

0} 0 0 0 0 0 () 0.01 0
0 0 o 0.14 0.12 0. 14 0.15 0.01 0
0 -0.05 0o o 0 0 0 =0.11 0
0 0 0 0 0 0 (1} 0.01 0
0 o 0 0 0 0 (1] 0 =0.02
0 o 0 0 0o 0 0 0.01 0
0 0.06 0 0 0 0 0 0. 13 0
0 o 0 0 0 0 0 0 o
0 0 0 0 0 0 0 0 0

Table R.68 Difference betveen interpolated and exact positions, in ®;
x-coordinates; search redius 1.70 m.

0 -0.05 0 0 0 0 0 =0.10 0
0 0.05 (8] 0. 14 0.12 0.14 0. 15 0.11 0
0 -0.05 0 0 0 0 0 0 0
0 0 0 0 0 0 0 =0.10 0
0 0 0 0 0 0 0 0 =0.02
0 -0.05 0 0 0 0 0 =0.10 0
0 0.06 0 0 0 0 0 0.13 0
0 =-0.06 0 0 0 0 0 - D 0
0 -0.06 0 0 0 0 0 0 0

‘Table R.69 Difference betveen interpoleted and exsct positioms, in m;
x-coordinates; search radius 2.30 m.



-0.93 -0.07
-0.93 -0.07
-0.93 -0.07
-0.93 -0. 07
-0.89 0
-0.93 -0.07
-0.93 -0.07
-0.93 -0.07
-0.93 -0.07
Table R.70
0 -0.07
0 -0.07
0 -0.07
0 0
-0. 45 0
0 -0.07
-0. 41 -0.07
-0. 41 -0.07
-0.41 -0.07
Table R.71
0 -0.07
0 -0.07
0 -0.07
0 0
-0. 45 0
0 -0.07
0 -0.07
0 -0.07
0 -0.07
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-0.04
-0.04
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O0D0D0OO0OO0CODOO
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-0.07
0
-0.03
-0.03
=-0.04
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-0.07
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O000O0O
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-0.02
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-0.01
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=0.03
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-0.04
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-0. 20
-0. 20
=0. 20
-0. 20
0o
-0. 20
-0.20
=0.20
-0. 20

-0. 20
-0. 20
=0. 20
-0. 20
0
=0.20
-0.20
=0.20
-0.20
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Difference betveen interpolated and exact positions, in m;
y-coordinates; search radius 1.15 m.
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Difference between interpolated and exact positions, in w;
y-coordinates; search radius 1.45 m.
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Table R.72 Difference betveen interpolated and exect positions, in m;

0000

-0.45

0000

y-coordinates; search radius 1.70 m.

000000000
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0000

-0.07
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(=R =N~

-0.01

===

O0D0ODOO0ODODOO

-N-N-N-N-N-N-N-N)

coBdeccoo

-N-N-N-N-N-N-N.N-]

Table R.73 Difference betveen interpolated and exact positioms, in ®;

y-coordinates; search radius 2.30 a.
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APPENDIX S. Spectral moments and spectral mean freguency measures from

the measurements.

In this appendix the variance density spectra E(f) and frequency wmeasures
at the seven sites are analyzed. In first instance spectrel w=moments are
calculated from E(f). There are calculated the wmoments ", (denoted as
m-1), =0, ®l, m2, B3 and m4. The variance densities E(f) have been given in
129 point (128 intervals), with 0 < f < 3.125 Hz, vhere the Nyquist fre-
quency fNy = 3.125 Hz. From the spectral moments other spectral measures
may be derived and therefore the moments have been given in five signifi-
cant digits. The variance density spectrum has been given in values with
dimension cu'/Hz. sothat the dimensions of the calculated moments are based
on the length scale of cms. Noreover, the files from vhich the spectra were

taken, had the spectra in four significant digits (E-format).

Furthermore, s Table has been added vith values of ®0, w®0dl, =0d2 and
80d2/e0; ®0dl and wOd2 ere as defined in mection 2.7 : ®0dl is the varian-
ce of E(f) from f = O to £ = 1.1 Hz and ®0d2 is the varience from 1.1 to,
3.125 Hz. (In fact, w»Odl is the integral over the spectral values fom OAf
to 45Af and thus from £ = 0 to £ = 1.0986 Hz.) The rate ®0d2/®0, which has
been given as a percentage, gives an indication for the appearance of a
secondary peek in the spectrum; from the results for theoretical JONSWAP-
type spectra in sppendix G it is seen that the variance above the frequency
f£=1.36fm is about 15 X of the total variance. (Ofcourse, the wvalue of
®0d2/w0, with the separation frequency over the peak frequency a fixed

value, depends on the peak-enhancement factor.)

Lastly, several vave period seasures have been given. We gave Tp (=1/fm)
and the mean zero vave crossing period, <Tz>. From the spectral moments the
usual mean vave periods TeOl and Te02 have been calculated. Fros the given
results it is seen that Te02 is not a good measure for <Tz>; mostly there
is obtained Te02 < <Tz> < Tm0l.

Because in HISWA the wave period messure Te-10 is used (Te-10 = @-1/®0),
this value has also been given in order to facilitste the ocosparison with

the other wvave period seasures.

A-.the peak frequency fm differs for twvo sites easily by one interval Af,
another, more stable, frequency seasure has been introduced in 1975 at
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Delft Hydraulics, the socalled "dominant frequency®, fd. This frequency fd
ies defined as the frequency of the centre of gravity of that part of the
variance density E(f) for which E(f) > 0.8.Em, vhere Em = E(fm). As fd ism
computed in the standard wave processing procedure, we took these
frequency values and gave the vave period measure Td = 1/fd also. The
values for fd have only been taken for measurement conditions w®me2x and

me3x, not for the empty basin measurements.

Some variability in Tp can be noted. Because Af = 3.125/128 = 0.0244 Hz, =a
difference of one interval Af in the value of fe means that the folloving
differences in Tp are obtained. In most cases ve obtain fm = 33Af. For fm =
34Af ve obtain Tp = 1.205 and for fm = 32Af ve have Tp = 1.280 8. So, the
variations in f®, as occurring in the results of for example ®e23, are in

fact due to differences of only one interval Af in the value of fm.

Because at site 10 the measurements are repeated tvice (at the repetitions
the site is denoted by mite 20 and site 30 respectively), the spectral
moments have been given for all measurements separately. The wave period
Beasures are obtained for site 10 in the following way. At first the fre-
quency measures f are calculated for each site 10, 20 or 30 separately;
then the mean of these three values is taken. In fact, the same procedure
has been folloved for the values HmO at those pleces vhere wmeasuresents
have been repeated. The vave period measures have been calculated using the
mean frequencies; so is at the locetion of mite 10 Tp = 1/<fm> and TeOl =
1/<fw01>,

For later use ve have also given the seasurement test numbers fros which
the results have been obtained. For meil three measuresents have been per-
forwed s0 as to cover all 26 sites; these test results have been filed
under number P111, P12! and P13}; vriting the test number as Pxzy, where x
= 1, 2 or 3 denctes the empty basin, the fully cylindrical ber geometry and
the semi-cylindrical bar geometry respectively, as before. The value of y
denotes again the messurement condition (y=1 to 8) and z is the oode for
the repetition of the measurements, vith other placing of the wmeasuring

instrueents.

A fev measurements have been repeated because due to errors, the results
vere lost. The measurements P1i4, P115, P116 and P117 are repleced by P144,
P145, P146 and P147 respectively. After snalyzing the measurements of =ei8,
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the results have been lost so that we could not any wmore calculate the

spectral parameters.

It has to be noted that the given values for the spectral moments ®3 and m4
are not used in the present study, but they have been given for possible

future use.

For possible future use, the organisation of the measurement files Pxzy is
given belov. Nine channel numbers of 8 to 16 are used for the two wvelocity

and the one wvater elevation signals of each wave direction meter (GRSH).

The corresponding channel numbers and measuring positions (sites) are given

in next Table for the GRSH'’s for the three measurements.

Pxly Px2y Px3y
signal channel site channel site channel site
T 10 10 10 20 10 30
Ux 8 10 20 8 30
Uy 9 10 20 9 30
T 13 i8 13 28 13 38
Ux 11 18 11 28 11 38
Uy 12 18 12 28 12 38
C 16 19 16 29 16 39
Ux 14 19 14 29 14 39
Uy 15 19 15 2s i5 39

For the seven wvave gauges the corresponding channel numbers and w®measuring

poeitions are given in next Table.

Pxly Px2y Px3y
signal channel mite channel @site channel site
C 1 11 1 21 1 <} |
C 2 12 2 22 2 23
r 3 13 3 23 3 33
4 4 14 4 24 4 24
| 4 S 15 S 25 S 35
4 6 ie 6 26 6 36
r 7 17 7 27 7 37



sell, seasurements P111, P21, PIX1,

pell

gel ]

Be!|

site

19
10
20
30
18
18
0
29

2e

site

12
10
20
10
18
36
3
29

2B

site

18
10
18
36
39
29
28

B-!

0.20962E401
0. 19451E+01
0. 1B334E+01
0. 18179E+01
0,20392E+01
0.20230E+01
0.21412E+0]
0. 22544840
0, [9B54E+01

al

80

0.17812E+01
0. 16347E+0)
0. 15677E+0]
0.15390E+01

2.17

17
18

1£

17B12E+01
16347841

13390E+01
17320€+40]
0.17272E+0!
0. 18294E+01
0. 19141E+0!
0. 16654E+01

Tp

1,280
1.254
1.241
1241
1,241
1.24]
1.280

0.
0.
0.1Z677E+01
0.
0,

Te-10

1,177
1,184
1177
L1
1.170
1,178

1193

0.
0.
0. 19141E+01
0.

J20E+01
2726401
294E+01

E54E+01

ald]

0. 15151E+01
0. 14073E+01
0.13376E+01
0. 1318BE+0]
0. 14794E+01
0. 14448E+01
0.15565E+01
0. 163476401
0. 14199E+01

Ta01

1.090
1,097
1,094
1.0%0
1.092
1.09
1.10

sel?, seasuresents P112, P127, P132.

sel?

site

19
10
20
30
18
38
39
29
28

(S

0.78643E+401
0.76924E+01
0.73813E+01
0.74290E+01
0.76498E+01
0.79759E+01
0.85541E+01
0.B88216E+01
0.74391E401

a0

0.64

T4BE+0]

0, 63035E+01

0.5!

HTE+01

0,60927E+01

0.83

486E+01

0. 65899E+01
0.70359E+01
0.72094E+401

0.51

303E+01

al

0. 15344E+01
0. 14B45E+401
0. 1432[E+01
0. 14057E+0)
0.15B831E+01
0.13648E+0]
0.186755E+01
0.17470E+01
0.15120E+01

a0d?Z

Te02

1.038
1.047
1.043
1,040
1.044
1,047
1,054

al

0.59539€+01
0.57145E+01
0. 3591BE+01
0.35374E+01
0.58547E+01
0.596BBE+01
0.63060E+01
0. 64733E+401
0.35227e+01

a?

0.16547E+01
0. 14756E+01
0. 14364E+01
0. 14120E401
0. 15910E+401
0. 15966E+01
0. 16780E+01
0. 17455E+01
0. 14984E401

8l

0.19332E+01
0. 16736E401
0. 16507E+0]
0. 16297E+01
0. 183B4E+01
0, 18442E+01
0. 19135E+01
0. 19922E+01
0. 16B30E+01

a0d2/a0 I

0.26605E+00 14,94
0,22734E+00 13.91
0.23014E+00 14,68
0.2201 TE+00 14,31
0.25267E+00 14,59
0.26044E+00 15.08
0.27292E+400 14.92
0,27943E+400 14,60
0, 24547E+00 14.74

(T2)

.
(=1
e

-
D D -
0 U e

—33

al

0.61313E+01
0.5728BE+01
0.56396E+01
0. 55603E+01
0.50259€+01
0.59570E+01
0.62030£+01
0.63962E401
0.54585E+01

al

0.74294E+01
0.663956E+01
0. 3853E+01
0. 645458401
0.72708BE+01
0.68327E+01
0, 70074E+01
0.72721E+01
0.62221E+01

1]

0.27174E+01
0.22578E+01
0.22644E+01
0.22533E+01
0.25466E+01
0.25471E401
0.258B7E+01
0.27150E+01
0.22283E+01

el

0.11016E+02
0. 9404BE +01
0. 73009E+01
0.9058 2 +01
0. 10725E+02
0.73181E+01
0.95451E+01
0. 99769 +01
0.B3290E+01
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site

om
BeiL

19
10
20
30
18

g

8
38
29
&
s

a0

0. 64T4BE+01
0.£1033E+01
C.61297E+01
0.60977E+401
0. 6I484E+01
0. 65899E+01
0.70759E+01
0.72094E+01
0.51703E+0]

LY
M
24
L]
. 280
241
280

— e e e e e e

Ta-10

LS
1.218
1.205
1.210
1.2

1.224
1

212

o0d]

0.54985E+01
0. 34305E+01
0.52322E+01
0.32321E+01
0.537T5E+01
0.36774E40]
0.61176E+01
0.62343E+01
0.53215£+01

Te0!

1.088
1. 100
1.084
1,104
1.1E
L1114
1110

aell, seasureaents P113, P123, PI32.

gell

pell

site

19
10
20
30
18
38
39
B
28

site

19
10
20
30
18
3B
39
29
28

a-1

0.B6B47E+01
0, 76473E401

al

0.72241E+01
0.63179E+401

ol

s0d?

'
)
-2
o

'

o0dZ/al 7

0.97626E+00 15.08
0.87297E+00 13.85
0.89750E+00 14. 64
0.85039E+00 14,12
0.97509€+00 15.3¢6
0.91249E+400 13,85
0.71831E+00 13,05
0.97502E+00 13.52
0,80884E+00 13.19

Ta02

1.028
1. 04¢
1.026
1,052
1.065
1,062
1.059

0. b8266E401
0.37077E+01

(T2}

-0

-

b pes Bm s Bt pem a

—_ e s D -
Y O~ D

[ ]

a2 8l

0.6735BE+01  0.79506E+01
0.56854E+01  0.45623E+01
0.56918E401  0.64904E+0]
0.57093E+01 0, 45632E401
0.58106E+01  0.59704E+0!
0.58634E+01 0. 89131E+01
0.65625E+01  0.77146E+01
0.63M6E401 0, 70343E+01
0.60122E+01  0.T2498E+01

e0d2/a0 1

0.10662E401 14.76
0.86998E+00 3.7
0.84514E+00 13.21
0.84390E+00 13.30
0.93802E+00 15.21
0.93587E+00 14.7¢
0.10205E+01 14.32
0.98978E+00 14.50

0.77993E401  0.63991E+01  0.57555E+01
0.76731E+01  0.63457E+401  0.5736BE+01
O.7I475E+01  0,61655E401  0,56725E+01
0.76837E+01  0,83411E401  0,57873E+401
0.BS51ZE+01  0.712B1E+01  0.564950E+01
0.BIBSO0E+01  0,6B264E401  0.562469E+401
0.7587BE+01  0.63399E+01  0.58417E+01
&0 a0d] e0d?
0.72241E+01 0.61579E+01
0.63179E+401 0.54479E+01
0.63991E+01 0.55540E+01
0.63457E401 0.33018E+0!
0.561635E+01 0.52275€E401
0.63411E40) 0.54053E+01
0.71281E+01 0.61074E+01
0.68264E+01 0.538367E+01
0.63399E+01 0.33633E+01

0.97664E+00 15.40

1]

0. 113B4E+02
0.91952E+01
0. B98246E+01
0.91638£+01
0.10228E+02
0.98938E+401
0, 11020E+02
0.10842E+02
0.10651E+02
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mel

site

L ]
=

— s = e = pm e
b B B S LSS IS

Ta-10 Tall

1.202 1.090
1,212 1,108
1,192 1.087
1.212 1.0%8¢
1,200 1.097
1.199 1,093
1,197 1,083

Ta02

1,036
1,056
1,030
1,040
1,042
1,036
1.027

=TI0.

seld, measurements F144, P1Z4: measurements second series are lost,

aels

site

19
10
30
18
38
38

site

geld

19
10
30
18
38
3¢

site

seld

19
10
30
38
39

8-

0,87779E+01
0.68858E+0:
0. 6BE3IE+01
0.70843E+0]
0.89391E40]
0. 735078401

a0

0.7B546E+0]
0.60062E+01
0.60402£+01
0.£3877E+01
0.60100£+01
0. 64443E+01

Tp

1.24
1.223
1.107
1.280
1.241

ol

0.78546E+01
0.60062E+0}
0.60402E+01
0.43B7TE+0]
0.60100E+01
0.64445E+01

80d!

Ta-10 Tall

1118 0.993
1,143 1.018
1.109 0.985
1,155 1,027
1.14] 1.028

peld, seasuresents P143, P123, P135.

eeld

site

19
10
20
30
18
38
39
29
28

e-1

0.98100E+01
0.74480£+01
0.74315E+01
0.72406E+0]
0.76443E+01
0.73134E+01
0.80491E+01
0.75493E+401
0.74523E+01

a0

0.83499E+01
0.62878E+01
0.62552E+01
0.61332E401
0.65709E+01
0.61814E+01
0.5B447E+01
0.64306E+01
0.63020E+01

0.57003E+01
0. 44470E+01
0. 44846E+01
0.45236E+01
0.46091E+01
0.49370E+01

al

0.79117E40!
0.39037E+0]
0.59483E+401
0.64838E+01
0,58532€+401
0.62660E401

a0d?

Ta02

0.931
0.95¢
0.926
0.%66
0.958

)]

0.78908E+01
0.58672E+01
0.58226E+401
0.37240E+0!1
0.62751E+01
0.38169E+01
0. 64012E+01
0.60421E+01
0.39155E+01

0.21543E+01
0, 13391E+01
0. 15355E+01
0.1B641E+01
0. 14008E+01 23,31
0. 15073E+01 23.39

B2

0.90584E+01
0. 65443E+40]
0,66270E+01
0. 74526E+01
0. 64453E+01
0.68833E+01

al

0.1214b6E+02
0.84043E+01
0.B85987E+01
0.99810E+01
0.82747E+01
0.88428E+01

80d2/80 1

A
o5
5.7
9.1

2
o

[0S B AS
(=« S = o

(I

0.97
1.01
0.98
1,01
1.00

82

0.B3656E+01
0.60975E+01
0. 60353E+01
0.39449E+01
0.57268E+01
0.61527E401
0.67083E+01
0.63868E+01
0.56241 26401

M

0.10387E+02
0.73528E+01
0. TZ546E+01
0.71563E+01
0.84321E+01
0.74224E+01
0.82334E+01
0.79242£+01
0.77200£40!

od

19401E+02
12776E+02
13276E+02
13845E+02
12638E+02
i

0.
0.
0.
0.
0.
0. 13610£+402

o4

0. 15590£+02
0.1067TE+02
0. 10499E402
0. 10362402
0.12757e+02
0.11423E+02
0.12251€+02
0. 11900E+02
0. 11564E+02
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site 80 o0d! 2042 a0d2/al %
(13
10 0.B3499E+01 0.68071E+01 0.15827E+01 18.48
10 0.62878E+01 0.5166BE+(] 0.11210E+01 17.83
20 0.82552E+01 0.51493E+01 0.11039£+01 17,468
30 0.61372E401 0.50493E+01 0.10839E+0] 17.67
| 0.55709E+01 0.52267E+01 0. 13442E+01 20,46
3B 0.41B14E+0] 0.50233E+01 0.113B1E+01 18.74
ki 0.6B447E+01 0.56398E+01 0. 12049E+01 17.60
29 0,643086E+01 0.52557E+01 0.11749E+01 16,27
28 0.£3020E40! 0.51819E+01 0.1120E+01 17.77
site Tn Te-10 Tad| ‘Ta0? (T2}
[ T34
10 [.241 1.175 1.058 0.999 1.02
10 1.267 1,184 1,072 1.01¢ 1,08
18 1,205 1163 1.047 0.988 1.03
38 1.280 1183 1,083 1,002 1.05
h{s 1,241 1.176 1.069 1.010 1,06
29 1.24] 1.174 1.064 1,003 1.03
28 1170 1,183 1,045 1,005 1.04
mels, measurements P14&, P12s, P136.
site  @-| 80 8l a2 8l
Belo
19 0.10494E+402  0.B6SS6E+01  0,79055E+01  0.B0011E+01 0., 94295E+01
10 0.7BBZ3E+01  0.64544E401  0,58645E+01  0,58922E+01  0.48407E+01
20 0.7756BE+01  0.64425E¢01  0.58964E+01  0.59943E+01 0.70BBOE+0!
30 0.77B0%E+01  0.64176E+01  0.58291E+01  0.58563E+01 0. 68126E+0]
18  0.B3730E+01  0.70043E+01  0,64979E+01  0.67613E+01  0.B2871E+01
3B O0.B7343E+01  0.72Z79BE+01  0.86125E+01  0.46265E+01  0.76689E+01
38 0.10479E402  0.86764E+01  0.7B027E+01  0.77430E+01  0.B9185E+01
29 0.B5B5TE+01  0.71205E+01  0.64827E+01  0.85765E+01  0.77918E+01
28 0.51B3ISE+01  0.437SIE+01  0.41494E+01 0, 445326+0] 0.36474E+01
site al nld! 80d2 2042/80 1
eelb
19 0.855556E+01 0.74477E+01 0. 12079E+01 13.96
10 0.64544E+01 0.53297E+01 0.92476E+00 14.33
20 0.64425E+01 0. 54555E+01 0.97700£+00 15.16
30 0.54176E+01 0.34998E+01 0.917B3E+00 14.30
18 0.70043E+01 0.59146E+01 0.10897E+01 15.%
38 0.72798E401 0.62383E+01 0. 10415E+0] 14,31
39 0.86764E+01 0. 73566E+01 0.11198E+01 12.91
29 0. 71205E+01 0.60575E+01 0.10630E401 14.93
28 0.43751E+01 0.35295€+01 0. B4560£+00 19.33

pd

0. 13551E+02
0. 95773E+01
0.10162E+02
0. 93909E+01
0. 12405€+02
0.1071 1E+02
0. 12519E+02
0. 11212E+02
0.8597TE+01

appendiy §



site

aelé

19
10
18
38
39
29
2B

Tp

1.24]
1.24
1.280
1.241
1,241
1.321
1.205

Te-10 Tal!

1212 1,095
1.212 1.098
1,195 1.078
1,200 1,101
1.208 1112
1.20¢ 1.09€
1.185 1.054

eel”, measuresents P147, P127, P117.

sel7

sel’

sel7

site

12
10
20
30
18
38
19
29

28

site

19
10
20
30
18
38
39
29
28

site

19
10
18
38
39

p-|

0.978B3E+01
¢, 74003E+0)
0. T4494E+0]
0.73872E+01
0.BB423E+01
0.B3250E+01
0.71962E401
0.8B094E+01
0.77027E+01

a0

0.B&01BE+0!
0. 63537E+01
0. 63757E+01
0.6376BE+01
0.75725E+01
0.7050BE+01
0.77536E+01
0. 75168E+01
0.66756E+01

Tp

1.205
1.241
1.24]
.32
1.280
1,241
1.241

80

al

Te0?

1,040
1,043
1,018
1.048
1.059
1. 04}
0.991

0.84018E+01  0.BOT7BE+0!
0.63537E+01  0,60533E+01
0.63757E+01  0.80626E+01
0.6376BE+01  0.60988E+01
0.75723E+01  0.71S50€+01
0.70308E+01  0.86351E+01
0.77536E+01  0,72230E+01
0.75148E+01  0.70727E+01
0.66756E401  0.53440E+01

80d]

0.67123E+01
0.50614E401
0.50890E+01
0.30678E+01
0.618652E+01
0.56930E+01
0.63582E+01
0.61130E+01
0.54021E+01

Te-10 Ta01

1.165 1
1.164 |
1.168 !
1.181 1.
1.186 1
1.172 !
1.154 1

80d?

82 B3

0.88227E+01  0.11411E+02
0.64615E401  0.B0245E+01
0.64603E+01  0,80102E+01
0.63445E+01  0.B184BE+0!
0.76014E+01  0.94787E+01
0.70232E+01  0.B7045E+01
0.75784E+01  0,93351E+01
0,74745E401  0.92534E+01
0.675356+01  0.B4032E+01

20d2/a0 1

0. 16896E+01 20.11
0,12943E+01 20,38
0.12867E+01 20.18
0. 13090E+401 20.53
0. 14073E+01 18.58
0. 13578E+01 19.26
0. 13953E+01 18.00
0. 14029E+01 16. 68
0. 12735E+01 19.08

Tal02

0.976
0.991
0.%%8
1.002
f.011
1.003
0.994

-~
-
~

~r

2a8s2ss

ad

0. 17923402
0.11944E+(2
0.11902E+402
0.12294E402
0. 14305E+02
0.12981E+02
0.13902E+02
0.13841E+02
0.12611E+02
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eell, measurements F211, P221, P211.

ge?l

mel!

sell

site

12
10
20
10
18
38

T0
o

ra ra
~0

[=%]

site

19
10
20
30
I8
3e
39
29
26

site

10
10
18
38
30
29
28

0-!

0.22745E+01
0.19883E+0]
0. 2026BE+01
0.19821E+01
0. 20543E+01
0,13247€+01
(. 13489E+0!
0. 11498E+01
2. 12160E40]

al

0.1B961E+01
0.14419E401
0. 16693E+01
0. 16426E+01
0.16984E+C1
0. 111228401
0.12217E+01
0.10217E+01
0. 10961E+401

Tp

1.280
1.241
1,280
1.203
1.280
1.170
1,205

—
[~

— s = pa b s pea

Lo IS RS I I I K N ]

Cd

80

0. 18961E+01
0.16419E+01
0.16695E+01
0. 16424E401
0.169B4E+01
0.11122E40]
0. 12217E+01
0.10217E+01
0.10961E+01

80d!

0.
0.
0.
0.

Ta-10

9 1,200
0 1.211
b 1,210
] 1.191
9 1.104
7 1.125
& 1.109

pel2, seasuresents P212, P222, P232.

ae??

site

19
10
20
30
18
38
39
29
28

o1

0.79811E+01
0, 74725401
0. 75448E+01
0.75381E401
0.74786E+01
0.16518E401
0, 13379€+01
0. 14661E401
0. 14495E+01

(]

0.65285E+01
0.61269E+01
0.61477E+01
0.61948E+01
0.61779E+01
0. 13385E+01
0.11608E+0!
0.12829€+01
0.12243E+0!

16072E+01
[3949E+0]
14211E+01
13959E+01
0. 14440E+0!1
0.68448E+00
0.739B0E+00
0.62441E+00
0.67945E+00

8l

0. 17341E+0!
0. 15009E+01
0. 15254E+01
0. 15004E+01
0.15521E+01
0.12078E+01
0. 13444E+01
0.11263E+01
0. 11959E+0{

a0d?

Tal!

1,093
1.094
1.094
0.921
0.509
0.907
0.%17

al

0.59992£+01
0.539435E+01
0.55854E+01
0. 56476E+01
0.56829E+01
0.15872E+01
0. 13790E+01
0.15285E+01
0. 14176E+01

a?

0. 17558E+01
0. 13174401
0.13459E+01
0. 15178E+01
0.157BBE+01
0. 15660E401
0.17301E+01
0. 14396E+01
0.1526%E+0]

80d?

0.28895E+00 15,
0.24700E+00 15,
0.24B4TE+00 14,
0.24568E+00 13,
0. 25440E+00 14.
0.42750£400 38,
0.48190E+00 30
0. 39731E+00 3e.
0.41663E+00 38.

Ta02

1.039
1,040
1.037
0.843
0.840
0.837
0.847

a2

0. 61B00E+0!
0.567T87E+01
0.56314E+01
0.57095E+01
0.35831TE+0!
0.22901E+01
0.19613E+01
0.21650E+01
0.19616E+01

[N

0.203587E+01
0.17688E+01
0.18135E+01
0. 17725E+01
0.18714E+01
0.23743E+01
0, 25826E+01
0.21994+01
0.22653E+401

/a0 2

24
04
88
02
98
"
15
89
0

(I

1.08
1.10
1.07
0.94
0.90
0.90
0.%0

al

0.74918E+01
0.67054E+01
0. b5006E+01
0. 66973E+01
0.69999E+01
0.38077E+01
0.32167E+01
0. 35173401
0.31809E+01

ad

0.29116E+01
0,24510E+01
0.25591E+01
0.24830£+01
0.26924E+01
0.41177E+01
0. 44050E+01
0.37870E+01
0.38458E+0!

o4

0. 11124E+02
0. 961256401
0.94113E+01
0.95219E+01
0.10246E+02
0.70757E+01
0.39305E+01
0.64117E+01
0.56938E401
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site

ael?

nn
BELL

19
10
20
30
18

T
v

a8
70

&

28

site

1?
10
18
38
39
29
28

al

0.65285E+01
0.61269E+0]
0.61477E+01
0.6194BE+0!
0.561779E+01
0. 133B5E+01

0.11608E+01
0.12B29E+0]
0.12243E+01
Tp Td
1.241 1.
1,241 1.
1.280 1
1,280 1.
1.280 1.
1,205 1.
1.280 1.

.
R

80d]

0.55373E+01
0.52254E40]
0.52674E+01
0,52961E+01
0.52387€+01
0.454B2E400
0.38152E+00
0.42266E+00
0.63582E+00

-t
™
1
—
=

3 P
— B LAY ]
~d N o~ o
. -
s B S N )
= ) R
-~ e ]

L]
-
~1

a ]

= N
e A

S

- - - . -

3'\.’
(=]
oD
o

8e23, measuresents P213, P223, P233,

oe?l

eell

site

19
10
20

-
B

18
38
39
29
28

site

19
10
20
30
18
38
39
29
28

n-1

0.70656E+01
0.7B753E+01
0.81076E+01
0.80272E+01
0.735B4E+01
0. 13399E+01
0.14117E+01
0. 13440E+0]
0. 18441E+01

al

0.75279E+01
0. 654 35E+01
0.57341E+01
0.66522E401
0.561986E+01
0. 13349E+401
0.12977E+01
0.12529E+01
0.13473€+01

al

0.79279E+01
0.85435E+01
0.67341E+01
0.68522E401
0.61984E+01
0. 13349401
0.12977€+01
0.12529£+01
0.13473E+01

ald!

0.64767E+01
0.5621[E+0}
0.57993E+01
0.57474E+01
0.52555€+01
0.68764E+00
0.573B4E+00
0.63087E+00
0.6797BE+00

a0d?

Tall

1.088
1.098
1.087
0.843
0.842
0.839
0.864

0.6B970E+01
0.59385E+0]
0.60969E+01
0.60225E+01
0.57184E+01
0. 15758E+01
0.15374E+01
0.15061E+01
0. 15950€+01

80d2

-343-

80d2/a0 7

0.99121E+00 15.18
0.90049E+00 14.70
0.88029E+00 14.32
0.B984BE+00 14,51
0.93917E+00 15.20
0.68371E+00 51.08
0.57928E+00 49.90
0.66021E+00 31,46
0.58851E+00 48.07

Ta02 (T

1.028 1.09
1,042 1.09
1.029 1.06
0.765 0.%0
0.769 0.93
0.770 0.91
0.790 0.94

a?

0.70078£+01
0,59350E+01
0.606B5E+01
0.59911E+01
0.38602E+0]
0.22361E+01
0.21542£+01
0.21343E+01
0.22231E+01

8l

0.82941E+01
0.68311E+01
0.69489E401
0.68478E+01
0.70029e+01
0. 36735E401
0. 34856E+01
0. 34771401
0.35694£+01

80d2/a0 I

0.10513E+01 13.94
0.9224BE+00 14.10
0.93483E+00 13.88
0.90435E+00 13.60
0.94312E+00 15.21
0. 647256400 48.49
0.62190£+00 §7.92
0.62204E+00 49.65
0.65750E+00 49.54

ol

0. 11957E+02
0.94841E+01
0.95014E+01
0. 94343E+01
0.10188E+02
0. 68054E+01
0.63726E+01
0.6374%E+01
0.64703E+01
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@eld

ge2d

peli

pe24

-344-

site Tp Td Ta-10 Ta0! Ta0? (Tz2>

19 1.241 1,246 1.204 1.09¢ 1.036 1.07

10 1.24] 1.244 1,205 1.104 1.052 1.09

18 1.241 1,244 1.187 1.084 1,028 1.07

38 1.203 1.248 1.16% 0.847 0.773 0.89

39 1.24] 1252 1.088 0.844 0.778 0.89

29 1,241 1.231 1.073 0.832 0.766 0.90

28 1.280 1.280 1.072 0.845 0.778 0.90

se24, eeasuremsents PZ14, PZ24, P234,

site 8-1 a0 B! 82 al

19 0.7BSBOE+0!  0.69794E+01  0.70449E+01  0.BI294E+01  0.110156+02
10 0,72266E+01  0.6I239E+01  0.42297E+01  0.49194E+01  0.BB98E+0]
20 0.7I972E+01  O0.64313E+01  0,6311BE+01  0.49B36E+01  0.B9364E+01
300 0.73009E+01  0.63437E+01  0.62232E401  0.48643E+01  0.BROBYE+01
18 0.676B1E+01  0.60B4TE+01  0.B17STE+01  0.71281F+01  0.95186E+01
38 0.1S9IBE+01  0.13576E+01  0.15990E401 0,22738E+01  0.37313E+0!
39 0.14119E401  O.IT118E+01  0,15692E+01  0.22183E+01  0.35994E+01
29 0.12925E+01  0.12019E401  0.14577E401  0.20893E+01  0.34247E+01
28 0.14910E¢01  0.1372BE+01  0.161BAE+01  0.22535E+01  0,36073E+01
site o0 a0d! 80d? a0d2/e0 I

19 0.69794E+01 0.50343E+01 0. 19451E+01 27.87

10 0.63239E+01 0.44620E+0] 0.16420E+01 2.8

20 0.864313E+01 0.47397E+0! 0. 16916E+01 26.30

30 0.63437E40] 0.47377E+01 0. 16040E+01 25,32

18 0.60843E+01 0. 434358401 0. 1740BE+01 28. 6!

38 0. 13576E+01 0. 65643E+00 0.70119E+00 31,65

39 0.13116E401 0.6118BE+00 0. 69976E+00 3.3

29 0.12019E401 0.54950£+400 0. 65245£+00 .28

28 0.13728E+01 0. 68054E+00 0.73220E+00 5.3
site  Tp Td Te-10 Tall Ta02 (4F)

19 1.24¢ 1.177 1.126 0.990 0.927 0.98

10 1.170 1.197 1.148 1.018 0.959 1.01

18 1,205 1.215 1.112 0.985 0.924 0.9

38 1.280 1,237 1.172 0.849 0.773 0.87

39 1,412 1,352 1.076 0.836 0.769 0.87

29 1.365 1.335 1,075 0.825 0.758 0.87

2 1.365 1.367 1.086 0.848 0.781 0.85

sé

0.1776%E+02
0.13927E+02
0.13310£+02
0.13312E+402
0.15427E+02
0.48803E+0!
0.65699E401
0.62845E+0!
0.65202E+01
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eell, measureaent P215, P225, P2I5,

oe2d

pels

ee2d

site

19
10
20
30
18
38
38
29

28

site

19
10
20
30
18
38
39
29
28

site

19
10
18
38
39
29
28

[

0.86278E+01
0.78102E+01
0,76352E+01
0.76238E+0!
0.72283E+01
0. 13623E+01
0.13983E+01
0.13076E+01
0. 14176E+01

a0

a0

0.74127E+01
0.66023E+01
0. 64434401
0.64810E+01
0.62336E+01
0. 13443E+01
0. 13003E+01
0.12403E+01
0.13381E+01

0.74127E+01
0.66023E+01
0.64434E+01
0. 64E10E+01
0,62336E+01
0. 13443E401
0. 13003E+01
0. 12403E+01
0. 13341E+0]

Tp

1,241
1.241
1.205
1.321
1,241
1.24)
1.280

Td

1.234
1.230
256
243
240
. 303

1
1
{
1
1.257

80d]

0.593B0OE+01
0.53494E+01
0.52974E+01
0.32721E+401
0.493BBE+01
0.46B73E+00
0.63029E+00
0.59387E+00
0.45445E+00

Te-10

1.164
1,183
1.160
1.162
1.075
1.054
1.06]

eelé, measurements P216, P224, P23s,

site
pe2b
19
10
20
30
18
38
39
29
28

sl

0.91555E+01
0.79253E401
0.80094E+01
0.79546E+01
0.76815E+01
0. 18BB0E+01
0.17308E+01
0. 146503E+01
0. 13650£401

a0

0.75106E+01
0. 83330£+01
0.b66606E+0]
0.463901E+01
0.564b662E401
0.16183E+01
0.16387E+01
0. 15269 +01
0. 11375401

0.70863E+01
0.620§ 7E+401
0.59950E+01
0.460877E+01
0.59871E+01
0. 15944E+01
0. 15605E+0!
0. 15057E+01
0. 15833E+01

a0d?

Ta0!

1.046
1,068
1.041
0.842
0.833
0.824
0.843

al

0.68972£401
0.61134E+01
0.61935E+01
0.61433E40]
0.611724+01
0. 19352E+01
0.20711E+01
0. 18560£+01
0. 12973E+01

-345-

'Y)

0.76371E+01
0.45009£401
0.62044£+01
0.63803E+01
0.54715E401
0.22807E+401
0.22094E+01
0. 21475E401
0.2208BE+01

a0d?

0. 1474BE+01 19,
0. 12529E+01 18,
0. 11460E+01 17.
0. 12089E+01 18,
0. 12949E+01 20.
0.67561E400 30.
0.567002E+00 51,
0. 64642E+00 32,
0.568161E+00 al.

Ta02

0.985
1,012
0.981
0.748
0.767
0.760
0.778

a2

0.70708E+01
0.64153E408
0. 64649E+01
0.64462E+01
0. 63360£+01
0.28326E+01
0.30373E+01
0.28510E+01
0. 174996401

8l

0.947228+01
0. 78998E+01
0.74290E+01
0.77589E+01
0.81941E+01
0.37542E+401
0.35987E+01
0.35017E+01
0.35319E+01

/a0 1

ge
98
79
63
77
26
33
12
02

Ty

ol sl ol ol o
IRBBIISS

8l

0.85062€+01
0. 7895TE+01
0.72044E4+01
0. 79585E+01
0.822298+01
0.47051E+01
0.30564E+01
0.43145E+01
0.2714BE+0!

ol

0.14812£+02
0. 11311E+02
0. 10474E+02
0. 11333E+02
0. 125208402
0.69302E+01
0. 66077E+01
0.£3977E+01
0.863651E+01

of

0.12543E+02
0. 11748E+02
0.11682E+02
0. 11932 +02
0.12513%+02
0.87234E+0!
0.93378E+01
0. 7TB4ZTE+0!
0. 4TS73E+01
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-346-

site 8l ald! 80d2 a0d2/a0 1
mell
1° 0.75106E401 0.64073E+01 0.11033E+0! 14,49
10 0. 65530401 0,34398E+01 0.11132E+01 16.99
2 0. 66606E+01 0.55890E+01 0.10717E+01 16.09
30 0,63901E+0] 0.54974E+01 0.10924E+0! 16.358
18 0.64662E401 0.52644E+01 0. 11997E+01 18,55
38 0.16183E+01 0.7BI58E+400 0.83475E+00 51.58
30 0.14587E+01 0.72459£+00 0.93407E+00 56.31
29 0.15269E401 0.69778E+00 0.82914E+00 34,30
28 0.11375€+01 0. 60130E+00 0.53622E+00 47.14
site Tp Td Te-10 Tal1 Ta02 (T2
Belb
19 [.24¢ 1.248 1,219 1.089 1.031 1.09
10 1,254 1,257 1,204 1.073 1,012 1,03
18 1.280 1,242 1.188 1.057 0.995 1.04
38 1.205 1.244 1.147 0.828 0.756 0.83
39 1,205 1.229 1.056 0.801 0.739 0.80
29 1.241 1.227 1,081 0.823 0.759 0.84
28 1.280 1.2712 1.200 0.877 0.806 0.91
pel7, measurepents P217, P277, P237,
site ol 80 ! a? el
pel7
19 0.90522E+01  0.76013E+01  0.7III2E+01  0.B1163E+01  0.10736E+02
10 0.83438E+01  0.70551E+01  0.6B704E+01  0.76%941E+01  0.10319E+02
20 0.79226E401  0.57645E+01  0.443B8E+01  0.4B752E+01  0.85243E+01
30 0.BOS6%E+01  0.68128E+01  0.64971E+01  0.494BBE+01  0.87208E+01
18 0.BO42BE+01  0.72750E+01  0.7069BE+01  0,78504E401  0.10341E+402
38 0.17907E+01  0,15665E+01  0.1BBSE+01  0,27299E+01  0.45551F+01
39 0.15861E+01  0.1S1BOE+0l  0.1B772E401  0.27308E+01  0.45361F+01
29 0.13875E+01  0.14990E+01  0.1B25JE+01  0.26145E+01  0.42821E+01
28 0.13034E401  0.11%42E+01  O.14251E+01  0.19922E+01  0.31734E+01
site a0 20d! a0d? 80d2/s0 1
ee?]
19 0.76013E+0! 0.80376E+01 0.15637E+01 20,57
10 0.70551E+01 0. 54758 +01 0. 15794E+01 22,19
20 0.47645E40] 0.33821E+01 0.13825€+01 20.844
30 0.68128E+01 0.5404BE+01 0. 14080E+01 20.87
i8 0.72750E401 0.56849E+01 0.15901E+01 21.86
38 0. 15663401 0.747156400 0. 79933E+00 81.03
39 0.151B0E+01 0.6%9031E+00 0.82771E+00 34.53
29 0. 14990E+01 0.70857E+00 0.79032E+00 52.712
28 0.11942€+01 0.56932E+00 0.624B4E+00 32,32

1)

0.17345E402
0. 16908E+02
0. 12602£+02
0. 13066E+02
0. 16606E+02
0. B3185E +01
0.84250£+01
0. 7BS12E +01
0.56635E+01
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site  Tp Td Te-10 Ta01 Ta02 (T2)
eel7
19 1.280 1,265 1.191 1.0%7 0.958 1.01
10 1,280 1,244 1,179 1.042 0.979 1.04
18 1,241 1.266 1.174 1.020 0.963 1.00
38 1.203 1.220 1,143 0.831 0.758 0.83
J9 1.321 1.26% 1,045 0.809 0.744 0.83
29 1.170 1.239 1,059 0.821 0.757 0.85
28 1.138 1.198 1.09¢ 0.838 0.774 0.88
ee28, seasuresents PZ18, P228, P238,
site o1l 20 8l 82 8l
se28
19 0.B0672£401  0.5BB27E+01  0.56068E+01  0.0934E+01  0.7775AE+01
10 0.84B11E+01  0.59791E+01  0.55116E+01  0,57414E401  0.49794E+01
20 0.915B2E+G1  0.60192E+01  0.55082E+01  0.56867E+01  0.581BOF+01
30 0.87363E+01  0.59B0SE+01  0.55045£+01  0,57211E+01  0.&9117E+01
18 0.81904E+01  0.591B6E+0!  0.56053E+01  0,506B9E+01  0.77594E+01
38 0.26502E+01  0.13BI7E+01  0.15110E+01  0.20B82E+01  0.334456+01
39 0.27713E+01  O.14475E+01  0.157226401  0.212296+01  0.33010E+0!
29 0.25290E+01  0.1110SE+01  0,12099E+01  0.16749E+01  0.26730E+01
28 0.31766E+01  0.1732BE+01  0.18963E+01  0.25166E+01  Q.3BOSTE+0]
site a0 80d! 80d? 00d2/a0 1
pelB
19 0.58827£+01 0.46221E+01 0.12606E+01 21.43
10 0.59791E+01 0. 49303E+01 0. 104B4E+0] 17.54
20 0.60192E+01 0.49824E+01 0.10367E+01 17.22
30 0.59805E+01 0.49241E+01 0.10564E+0] 17.66
18 0.591B4E+01 0.47510E+01 0. H1474E+01 19.73
38 0.13817E+01 0.73247E400 0.64927E400 4.99
39 0. L4475E+0! 0.77604E+00 0.56714BE+00 §6.39
Vol 0.11105€E+40] 0.36997E+00 0.34048E+00 48,47
28 0.1732BE+01 0.87827E+00 0.85457E+00 49,32
site  Tp Td Te-10 Tal1 Tal2 (T>
oe28
19 1.241 1.262 1.371 1.049 0.983 1.03
10 1.254 1.234 1.464 1.088 1.024 1.06
18 1.241 1,253 1.384 1.056 0.988 1.01
38 1,483 1.005 1.918 0.914 0.813 0.%5
39 1463 1.338 1.915 0.921 0.82% 0.97
Y} 0.788 1.440 .21 0.918 0.814 0.97
28 0.B3¢ 0.943 1.833 0.914 0.830 0.95

ol

0.11945E+402
0.10252£+02
0.98382E+0!
0.10048E+02
0.12025£402
0.560307E+01
0.57613E+01
0.47824E+01
0. 64504E+01
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eell, measurements P31, P321, PJ31.
site @l 20 al a2
aell
19 0,21335E+01  0.17512E401  0,15B13E+01  0,15713E+0!
10 0.195387E401  0.16096E401  0.14507E401  0.14311E+01
20 0.19492E401  0.15974E+01  0.143BOE+01  0,14213E+01
30 0.19578E+01  0,16100£+01  0.14560E+01  0.14500E401
18 O.19437E+01 0, 16067E401  0,14570E401 0.14549E+01
38 0.20734E+01  0.1709BE+01  0.1415BE+01  0.17398E+01
Jo  0.13259E+01  O0.11BBOE+01  0.12370E+01  0.14B75E+0!
29 0,203B0E+01  0.18543E+01  0.19721E+01 0, 24444E+01
28 0.12289E+01 0. 11473E+401 0, 13103E+01  0.177B4E+01
site al a0d! 8042 80d2
mel!
19 0.17512E+01 0. 14954E+01 0.25587E+00 14,
10 0. 160946E+01 0.13B48E+01 0.22280E+00 13.
20 0.15974£+01 0.13715€+01 0.22593E+00 14,
30 0.16100E+401 0.13771E+01 0.23293E400 14,
18 0.16067E+01 0.13716E+01 0.23511E+00 14,
38 0.1709BE+01 0. 13769E401 0.33287£+00 19,
39 0.11880E+01 0.BI3ISE+00 0.35470£+00 2.
Vel 0. 18363E+401 0.12558E+401 0.60047E+00 32,
28 0.11473E+0! 0.67902E+00 0.46828E+00 40,
site  Tp Td Te-10 Ta01 Ta(2
mell
19 1,205 1.235 1.218 1.107 1.036
10 1.254 1.239 1.218 1.109 1.058
18 1.241 1.240 1.210 1.103 1.051
38 1,241 1.235 1.213 1.058 0.991
30 1,209 1.214 1.116 0.960 0.894
29 1.280 1.249 1,098 0.941 0.871
28 1.280 1.261 1.07t 0.876 0.803
sel2, seasuresents P312, P322, PJ32,
site ol a0 al a2
pe3?
19 0.BASOSE+01  O.71769E+01  0.556124E+01  0.67B4TE+01
10 0.76589E+01  0.63269E+01  0.57845E+01  0.58591E+01
20 0.75998E+01  0,62745E401  0.57536E+01  0.58502E+01
30 0.77143E+0!1  0.63451E+01  0,.58107E+01  0.59045E+01
18 0.7313BE+01  0.60698E+01  0.562B0E+01 0.58471E+01
38 0,49293E+01  0.40948E+01 0.41521E+01  0,49828E+01
39 0.52213E+01  0.463B4E+01  0.49402E+01 0.5178SE+01
29 0.32781E+01  0,29033E+01  0.31BB4E+01  0.41917E+0!
28 0.19560E+01  0.194B9E+01  0.25721E+01  0.401B2E+01

al

0.17859E+01
0. 16008E+01
0.16023E+01
0.16526E+01
0.16681E+01
0.22022E+01
0.21022E+01
0. 39425E+01
0.28315E+0!)

/a0 %

6!
84
14
LY
63
47
B
35
82

(T

1.08
1.1
1,08
1.03
0.94
0.91
0.84

el

0.B81126E+01
0.68433E+01
0. 68787E+01
0. 69585E+01
0.T207T3E+01
0.71278E+01
0.91047E+01
0. 45534E+01
0.71593E+01

(1]

0.24168E+0!
0.211135E+01
0.21474E+01
0.22450E+01
0.22928t+01
0. JI345E+01
0.34B63E+01
0.60303E+01
0.51576E+01

ed

0.11770E+02
0.96%01E+01
0.97246E+01
0. 98923 +01
0.10799£+02
0. 12004462
0.15593E+02
0. 11901E+82
0.18155€+02
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#el?

sel2

site

19
10
20
30
18
38
39
29
28

site

19
10
18
18
39
29
28

a0

0. 7T1769E+01
0.63269E+01
0.62745E+01
0.63451E401
0.60698E+01

0.40948E+01
0.46384E+0!
0.29033E+01

0, 19489E+01

Tp Td
1.205 1,250
1,241 1,240
1.24] 1,241
1.280 1.248
1.241 1.257
1.280 1.271
1,205 1.209

a0d!

0. 60559401
0.53837E+01
0.52770E+01
0.53679E+01
0.51026E+01
0.29307E+0]
0.30732E+01
0.18220E+0!
0.80789E+00

Te-10

. 205
213
. 205
. 204
126
129
. 004

eell, seasuresents P313, P32, PI33.

site

#eld

19
10
20
30
18
38
39
29
28

site
03l
19
10
20
30
1B
38
3
29
28

8-

0.93945E+01
0.81063E+401
0.81998E+01
0.81762E+01
0.79354E+01
0.47752E401
0.43331E+01
0.31920E+01
0.23067E+01

al

0. 79305401
0.67747E+01
0.68151E+01
0.683B3E+0]
0.63093E+01
0. 40933E+04
0.80B44E+01
0.29213E401
0.23978£+01

]

0.79
0.47
0.8
0.48
0.53
0.40
0.40
0.29
0.23

80d?

-48-

a0d2/e0 I

0.11211E+01 15,
0.946324E+00 15
0.99748E+00 15,
0.97722E+00 15.
0.96727E+00 15,
0. 1164 1E+01 28,
0.15651E+01 3.
0.10813E+01 37,
0. 11410£+01 58.

Tal!

1,063
1.082
1,079
0.985
0.9:0
0.911
0.758

J05E401  0,73983E+01
TATE+01  0,62219E+01
ISIE+01  0.62444E+01
IB3E+01  0.626B3E+01
093E+01  0.5B415E+01
933E401  0.42313E401
BALE+01  0.43663E+01
2136401 0.32509E+401
97BE+01  0.31552E+01

a0d!

0.66385E+01
0.57480£+01
0.57855E+01
0.58283€+01
0.53077E+01
0.2863ZE+01
0.26%0BE+01
0. 1B063E+01
0.96360E+00

a0d?

Ta02

1.028
1.037
1.017
0.907
0.866
0.832
0.696

(Y]

0.77T174E401
0.43383E+01
0. 633T5E+01
0.63535E+01
0.50530E401
0.51620E+01
0.54615E+01
0.43070E+401
0.48358E+01

b2
2
90
10
94
LN
74
24
35

{127

1.08
{.09
1.05
0.97
0.90
0.85
0.7

(M

0.94271E+01
0. 74900E+01
0.74403E+01
0.74514E+0]
0.737B3E+01
0.74913E+401
0.B0525E+01
0.67579E401
0.83775E+01

00d2/a0 1

0.12921E+01 16.
0.10267E+01 13.
0.10296E+01 13.
0.10100E+01 14,
0. 10016E+01 15,
0.12300E+01 30,
0.1393BE+01 3.
0.11151E+01 38,
0. 14342E+01 .

29
16
i1
n
87
03
12
17

Bl

1)

0.13988E+02
0.106B3E+02
0.10519E+02
0.10531E+02
0.11014E+02
0.12765€+02
0.13839E+02
0.12274E+02
0. 16044E+02
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seld

seld

seld

site

19
10
18
38
39
29

b}
s

site

b
10
20
30
1B
38
10
29
28

site

19
10
20
30
18
38
39
29
28

site

19
10
18
38
39
29

Tp Td Te-10 Ta0! Ta02 {T27

1.241 1,244 1.183 1,072 1.014 1,06

1.241 1238 1.198 1,090 1,036 1.08

1.241 1,240 1.198 1.080 1,021 1.05

1.241 1.263 1,187 0.947 0.890 0.92

[.241 1,244 1.110 0.935 0.865 0.88

1.280 1.244 1.093 0.899 0.824 0.84

1.170 {173 0,982 0.760 0.704 0.71

eeld, seasuresents PI14, PI24, PI4,

8-l el al al B3
0.79352E401  0.7LA7BE+01  0,7I2BSE+01  0.BSI22E+01 0. 115BAE+0?
0.72455E401  0,614B3E401  0,42894E+01  0,70503E+01  0,91BB2E+0!
0.71912E401  0.62927E+01  0.52198E+01  0.869505E+01  0.90174E+401
0.72254E401  0.6I311E+01  0,426I7E+01  0,701B1E+01  0.91533E+01
0.6B474E+01  0.61026E+01  0,42424E+01  0.7I299€+0!  0,10128E+02
0.43886E+01  0.37326E+01  0.3BS60E+0!  0.47236E+01  0,6B54E+01
0.39020£+01  0.361B0E+01  0.40414E+01  0.529B4E+0!  0.B11I6E+01
0.32647E+01  0,30979E+01  0,3&1B&E+0!  0,50117E+01  0.BOT7OE+01
0.23999E+01  0,24496E40!  0.31957E+01  0.4912BE+0!  0.B573BE+0!

al 80d! a0d2 80d2/a0 1

0.7167BE+0! 0.51060E+01 0.20617E+01 28.76

0.43483E+01 0.47285E+01 0. 16198E+01 25.592

0.462927£+01 0. 8654 6E+0! 0.163B1E+01 26.03

0.63311E+0] 0.47022E+01 0. 16289E+01 573

0.61026E401 0.42B91E+401 0.18134E+01 29.72

0.37326E+01 0.23017E+01 0.12309E+01 32.98

0.361BOE+01 0.2075%E+01 0.15422E+01 42.62

0. J0979E401 0. 18656 1E+0! 0.1421BE+01 46.54

0. 24495401 0.96B59E+00 0.14810£+01 60.46

Tp Td Te-10 Te(1 Ta02 an

1.241 1.193 1.107 0.978 0.917 0.95

1.199 1.214 1.142 1,011 0. 950 1.01

1.170 1.116 1.122 0.978 0.912 0.95

1.412 1.291 1.174 0.948 0.889 0.91

1.280 1.291 1.078 0.895 0.826 0.84

1.321 1.347 1.054 0.854 0.784 0.80

1.170 1.114 0.980 0.7867 0.708 0.71

28

ad

0.1B574E+02
0.14204E402
0.13858E+02
0. 14162E+02
0.16438E402
0.11630E+02
0. 14313E+02
0. 14795E+02
0.16552E402

appendix §



#ell, eeasuresents P35, PI25, PII5,

#eld

site

19
10
20
30
18
38
39
29
28

site

#els

19
10
20
30
1B
38
39
29
28

site

mels

19
10
18
38
39
ri
28

p-l

0.BBOI9E+(0]
0.78256E+01
0.B0075E+01
0.79860E+0!
0,73321E+401
0. 46489E+01
0.42682E+0]
0.3220BE+01
0.23657E401

a0

a0

0.7666BE+01
0.47003E+01
0.68255E+01
0. 68289E+01
0.62984E+01
0.39989E+01
0. 39098E+01
0.30125E+01
0. 24499E+01

0. 766582401
0.67003E+01
0.68255E+01
0.6B289E+01
0.62984E+01
0.3998%E+01
0.39098E+01
0.30125E+401
0. 24499E+0]

W24
241
241
. 205
241
. 280
170

— e . s et e

Td

1.233
1,284
1,231
1.282
1.246
1.219
1.168

ald!

0. 606958401
0.53258E+01
0.54B34E+01
0.34701E+01
0.49624E+0]
0.27910E+01
0.24580E+01
0. 17143E+01
0.956B7E+00

Ta-10

1.148
1.170
1.164
1.148
1.092
1,069
0.966

selt, seasuresents P316, P326, P334.

Belé

site

19
10
20
30
18
38
39
29
28

2-1

0.97350E+01
0.81064E+01
0.84325E+01
0.86230£401
0.76421E+01
0.4B341E+01
0.48410£401
0.204B8E+01
0.20273E+01

(1]

0.B0077E+01
0.66540E+01
0.59140E+01
0.70848E+01
0. 63059401
0.41987E+01
0.41327E+01
0.18716E+01
0.19748E+01

gl

al

0.74156E+01
0,44011E+01
0.6475bE+01
0, 64923E+01
0.604699E+01
0.41246E+0!
0. 4264BE+( ]
0.34741E+01
0.32512e+01

p0d?

=5al=

a2

0.80B39E+01
0.6B850E+01
0, 68797E+01
0.69230E401
0.56419E+01
0.50267E+01
0.54572E401
0.47717E+01
0.50501E+0]

a0d?2

0.15973E+01 20,
0.13744E+01 20,
0.13419E401 19.66
0. 13589E+01 1%,
0. 13360E+01 21,
0.12079€+01 30.
0.14517E+0] 3.
0.12982E+01 43,
0. 14931E+01 0.

Ta0!

1,034
1.031
1.038
0.970
0.917
0.867
0.754

0.72859E+01
0.60635E401
0.53110E+01
0.68429E+01
0.59226E+01
0.45354E+01
0.42321E+01
0.22288E+01
0.25392E+01

Ta02

0.974
0.992
0.974
0.892
0.84p
0.795
0.697

a?

0.73524E401
0.61082E401
0.563864E+01
0. 64692401
0.562794E+01
0.59520€+0!
0.51273E+01
0. 318726401
0. 37B1BE+01

8l

0. 10336E+02
0.B5619E+01
0.BAT14E+0]
0.B5BB3IE+01
0.B5989E+01
0.72900E+01
0.B2454E+01
0.769B0E+01
0.88671E401

/a0 7

g3
51

0
21
2
13
09
4

{Tz>

O OO O e
- - = - - = -
— s P Pa -

'M

0.85537E+01
0.711 15E+01
0.74945E+01
0. TH009E+01
0.7B652E+01
0.92696E+01
0.74510E+01
0.5331BE+0]
0.63441E+01

ol

0. 15896E+02
0. 12754k +02
0.12434£+02
0.12784E+02
0. 13506E+02
0. 12424E+402
0.184415E402
0.14234E+402
0.17175E+02

od

0. 124576402
0.99991E+01
0.10650£+02
0.10016£402
0.120138+02
0.16743E+02
0. 12888E+02
0. 10153E+02
0.11776E+02
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site a0 a0d! n0d2 a0d2/a0 1
Belb
19 0.BOCTTE+0] 0.69087E+01 0. 10990E+01 13.72
10 0.64540E+01 0.56918E+01 0.94221E+400 14,46
20 0.469140E+0] 0.58908E+01 0.10231E+01 14,80
30 0.70848E+01 0.60877E+01 0.99717E+00 14,07
18 0. 63059E+01 0.51910E+01 0.1114BE+01 17.68
g 0.41987£+01 0.26970E+01 0.15017E+01 35.77
39 0.41327€+01 0.29639E+01 0.116B8E+01 28.28
2% 0.18716E+01 0.97642E+00 0.89519E400 47,82
2 0.1974BE+01 0.79176E+00 0.11831£+01 59.91
site  Tp Td Ta-10 Tal01 Ta0?2 {T2)
Bels
{9 1,241 1,245 1.21% {.009 1,044 1.09
10 1.241 1,253 1.218 1.098 1,044 1.10
18 1.280 1.251 1.212 1,063 1.002 1.04
38 1.280 1,291 113 0.922 0.840 0.87
39 1,241 1.243 I 0.977 0.898 0.95
29 1.280 1.280 1,095 0.840 0.74¢ 0.78
28 1,321 1.280 1.027 0.778 0.723 0.74
ael7, seasuresents P317, P327, P337,
site  e-t 80 8l 82 83
pel’
19 0.BY9BBE+01  0.76762E+01  0.7304BE+0]  0.78462F+01  0.99098E+01
10 0.BI620E+01  0,4B9B5E+01  0,65159E+01  0,49048E+01  0.BSII4E+0!
20 0.BISSEE+0!  0.49421E+01  0.45559E+01  0,69492E+01  O.Bb1BBE+0!
30 0.B2995E+01  0.70619E+01  0,66852E401  0.71073E+01  0.BE364E+01
18 0.B3BI1E+01  0.71215E401  0.6B235E+01  0.74884E+01  0.97966E+01
3B 0.51662E401  0.43674E+01  0,44714E+01  0.54330E+01 0, 78829E+01
39 0.52010E+01  0.45645E+01  0.47049E+01  0.SeBI4E+0]  0.BISZ1E+01
29 0.3206BE+01  0,28494E+01  0,30598E+01  0.39219E401  0.60086E+01
28 0.21959E+01  0.22249E+01  0.2841BE+01  0.42412E+01  0.71B71E+01
site a0 ald! ald? e0d2/s0 I
@37
19 0.76762€+01 0.61891E+01 0. 1487 1E+0} 19.37
10 0.6B985E+01 0.53987E+0] 0. 12999E+01 18.84
20 0.69421E+0] 0.56575E+0! 0.12846E+01 18.50
30 0.70619E+01 0.57411E+01 0.13208E+01 18.70
ig 0.71216E401 0.56461E+01 0. 14736E+01 20.72
38 0.43674E+01 0.30781E+01 0.12893E+01 .52
39 0.45645E401 0.32174E+01 0.13471E+01 29.51
29 0.Z8494E+0] 0. 18997E+01 0.94970£+00 B.33
28 0.22249E+01 0.93159E+00 0.12933E+01 58.13

Bd

0.15161E+02
0.12692E+02
0. 12925£+02
0.13262E402
0. 15550£+02
0. 13464E+02
0.13781E+02
0.10778E+02
0. 13536E+02
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ael?

site

19
10
1B
18
e
29
28

Tp

1,241
1,280
1.241
1,241
1.241
1,280
1.321

—
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sel8, seasuresents PI1B, PI28, PI3B,

aelg

aelB

eelB

site

12
10
20
30
18
3B
9
29
28

site

19
10
20
30
18
38
39
29
28

site

19
10
18
38
39
2%

o-!

0.82424E+01
0. BI143E+01
0.B1321E+01
0.81397E+01
0.82742E+01
0.49998E+0]
0.46994E+01
0.3607%E+01
0.29597E+01

al

a0

0.8%
.61
0.541
0.42
0.59
0.36
0.38
0.23
0.18

0.6976BE+01
0.613B9E+01
0.61370E+01
0.62141E+01
0.39369E+01
0.34661E+01
0.38206E+01
0.23897E+01
0. 1BBT4E+01

Tp

1.280
1,280
1.280
1.280
1.24}
1.463
0.853

Td

1.258
1.258
1.243
1.41°9
1,238
1.291
1.215
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Te-10 T Ta0? {T2)

1.1712 1.05! 0.989 1.02

1,178 1,056 0.999 1.07

1.177 1.044 0.975 1.02

1.182 0.977 0.897 0.92

1.139 0.970 0.8% 0.92

1,125 0.921 0,852 0.87

0.987 0.783 0.724 0.75

! p2 8l
THBE+01  0.65BSBE+01  0.70175E401  0.BT41SE+0!1
JB9E+01  0,54497E+01  0.5B&B4E+01  0.703B7E+0!
JT0E+01  0.56742E+01  0.5B6A3E+01  0.70113E+01
141E401  0.57830E+01  0.60273E+01  0.72799E+01
IB9E+01  0.35BI4E+01  0.59757E+01  0.75103E+01
GLIE+01  0.37683E401  0.46391E401  0.47277E+01
206E+01  0.41556E+01  0.534B1E+01  0.B04456E+0]
BOTE+0!  0,24B94E+01  0.IJIB7E+01  0.54200£401
B74E+01  0.23B93E401  0.37290E+01  0.54980E+01
ald! 80d? g0d2/a0

0.55930E+01 0.1383BE+01 19.82
0.50452E+401 0.10937E+01 17.82
0.50549E+01 0.10821E+01 17,463
0.5064BE+01] 0. 11473E+01 18.46
0.475B4E+01 0.117B3E+01 19.85
0. 2414BE+0! 0.12313E+0¢ 34,13
0.23455E+01 0.14731E+01 38. 61
0. 15661E+01 0.82361E+00 34,47
0.7621BE+00 0. 11253E+01 39.62

Te-10 Tal1 Te0?2 (T

1.282 1.059 0.997 1.06

1,332 1,080 1.020 1.07

1.394 1.063 0.997 1.05

1.364 0.973 0.889 0.95

1.230 0.919 0.845 0.87

1.310 0.940 0.849 0.90

1.568 0.790 0.711 0.73

]

JT124E402
C10141E+02
10073402
0553E402
1802E+02
13236402
3934E+02
0315E+02

I399E+02

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
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Appendix T: The averaging in HISWA

In this appendix the averaging over frequency in HISWA is discussed and the
effect of evaluating velocities such as the group velocity cg at the mean fre-
quency instead of taking the average of the velocity over frequency is inves-

tigated.

A quantity X(w,6) is averaged as follows:

=]

(Telf € B8 e | Aliaisd Mauy du,
(o]

A (8)

where

(T:2) A (0) = [ A(w,8) du
o

is the mean wave action. The mean wave frequency w 1s then defined by
o

.
(T.3) w_(8) -Ko(—e)of wA(w,8) do.

In this appendix we do not consider ambient current fields and therefore, in
the linear approximation (as is consistent with the linear wave propagation

part of HISWA), we have
E
(T.4) A =
where E is the energy density.

In the balance equation the following terms appear:

duw + 13w
(T.5) cg K and Cq k3 Vh.

Because the balance equation is averaged over frequency in the method of Eq.

(T.1), also such averaging of c8 and Ee is necessary. However, An HISWA these

terms are simply evaluated at the mean frequency wo:
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dw . 1 Gmo
(T.6) Cg i " c * "% 3n vh ,
o) o] o] o

where W, and k0 are related through the dispersion relatiomship

(T.7) w* = gko tanh koh .

2
0

The purpose of the present appendix is to investigate the error which is made

when the averages

dwy 1 T w
K A [ Aw,®)
0 8]
(T.8) «T
1 3w & p 1w
% b A_ {) Aw,8) ap W

are replaced by the evaluation of 3w/3k and k-lamlah at the mean frequency

W for various spectral forms of JONSWAP-type.

With w? = gk tanh kh we have

T E [tanh kh + kh (1 - tanhZkh)]

E ak

(T.9) ﬁ'

==

3w _ B 1h.(1-
- kh.(1-tanh?kh)

The dimensionless functions (F(kh) and G(kh) are introduced by

F(kh) = tanh kh + G(kh)

(T.10)

G(kh) = kh(l-tanh?kh) ,

sothat
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3w

dv _ 8 h
(T-11) 55 = 5 F(EBY, i 3m

-

% G(kh)
Subsequently we do not consider the 6-depence because that 1s not necessary
for the present purpose. We have

(T.12) A(w) = and 2nE(w) = E(f),

E(w)
w
where f in Hz and w in rad/s. For the variance demsity E(f) we take spectra of

the JONSWAP-type. As in appendix G we write
(T.13) E(f) = aOS(v),

where S(v) is the dimensionless spectrum and v the dimensionless frequency,

v o= f/fm, see Eq. (G.2).

Except the action-averages we also want to consider the method of emergy-aver-—
ages; this means that we average except with A also with wA. The averages

with w?A are also considered.

For a weighted average <¢> of ¢(x) we have

(-]

(T.14) <> = [ p(x)¢(x)dx,

(o]

where f p(x)dx = 1 for the weight function p(x). In the present situation we

o]
consider

B = wlA(w)
j o
[ wia)de
(o]

(T.15) p » 3=0,1, 2

The relation with probability densities is obvious and the functions pj(m) can
be considered as the probability densities for the j-th moment (in term of

wave action). We have

[ oI E(E) do =
[o]

>l

[ wlawiaw = [ oI TEW)W -
(o] o]
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= 2r)3t 3 lg(ey af =
(o]

= (2ﬁ)J-1fi a_ [ vj-lS(v)dv =
o

= (Zn)j-lfi a_.M ,

j-1

where the non-dimensional moments Mj 1

several JONSWAP-type spectra (as function of the peak enhancement factor Yo).

have been calculated in appendix G for

T dw h 3w
For £ pj(m) g (3w/8k>j and for <G =+ >j
is then obtained by substitution:
gM._, =
dw, _” j-l 2
GK et {) vI7s(v)F(kh)dv

(T-16)  ¢p

M., o
Bdw, o _dk 37250, )6(kh)dy

m o]

For the mean frequencies <r.u>j is obtained

<w>. M,
(T-17) E;?j_- m
m =1

The mean quantities (T.16) are now compared with the quantities evaluated at

the mean frequencies:

(T.18) 4

2 = .
where [<m>j] gkjtanh kjh
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For this comparison we took as example the case of a peak frequency f, of the
variance densities E(f) the case of fm' 0.125 Hz and took a range of depths h
50 as to have the range of shallow to deep water. Notice that with T = 8 s one
has the deep water wave length L, = 100 m. As examples are taken h = 5, h = 20
and h = 50.

In deep water, kh>>1, one has w? = gk and 3w/dk = g/2w). The mean group velo-
city, <aw/8k>j can then be integrated analytically as

duy  _ &8 _j-2
(T.19) <ak>j e "
m j-1

Furthermore, we have <E—§%>j = 0 in deep water. In deep water the group velo-

city evaluated at the mean frequency <m>j becomes upon using (T.17):

M
9 -8 _J=1
(Tel0) o <‘“>j 4nf oM,

For Y, = 1 and 3.3 we have M_, = 0.158530 and M_2 = 0.262109 respectively; the

moments Mj for j = -1, 0, 1 ind 2 have been given in Table G.2. We then have
that the difference between expressions (T.19) and (T.20) is given by the dif-
ference between Mj—Z/Mj—l and Mj-l/Mj' For Y, the relative deviation between
(T.20) and (T.19) is, for j = 0 which represents the HISWA averaging, -7.3%
and for y = 3.3 the relative deviation is -5.1%.

For shallow water, kh<{<l, one obtains from (T.9) cg- /gh and E-%%—- %/gh and

therefore it follows immediately from the definitionm that

dw ]
<§—k—>j aT(bu)j » kh + O
J
(T.21)
h 3w h 3
% Iy Them Wy kO

In very shallow water the deviation between the mean quantities and the quan-

tities evaluated at the mean frequency goes to zero as kh + 0.

In Tables T.l1 - T.3 the two group velocities are compared for averaging ac-

cording to the wave action (j=0), the wave emergy (j=1) and the quantity
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wlA (j=2); this is carried out for f = 0.125 Hz for the depths h = 10, h = 20
and h = 50 m. In Tables T.4-T.6 the quantities (h/k)3w/3h are given for the
same parameters. The dimensionless JONSWAP spectra have been evaluated from
LN 0.5 to Y, = 6 with a step size Av = 0.01 (see appendix G)-

In these Tables the following notation has been adopted. The columns marked
int-0, int-1 and int-2 give the mean quantities for j = 0, 1 and 2 respective-
ly (int from "integration™). The columns marked with <.>-0, <.>-1 and <.>-2

are the quantities evaluated at the respective mean frequencies.

Concentrating on the averaging according to the wave action (j=0), we see that
the differences in the group velocities are largest for the widest spectra
(Yoz 1, the Pierson-Moskowitz spectrum) as was to be expected. For the group
velocity we get for Yo = ] the relative deviations: -1.6Z (h = 10 m), -8.5% (h
= 20 m) and -10.0%Z (h = 50 m). For ce the deviations are larger; the corre-
sponding values give the relative deviatioms -6.0Z (h = 10), =-34.27 (h = 20)
and -31.4% (h = 50 m).



gamnal

1.0
2.0
3.0
3.3
4.0
3.0
6.0
7.0
8.0
.0
10,0

Table T.1

gasnal

1.0
2,0
3.0
3.3
4.0
5.0
6.0
1.0
8.0
2.0
10,0

Table 7.2

gameal

1.0
2.0
3.0
3.3
4.0
5.0
6.0
7.0
8.0
9.0
10.0

Table 1.3

int-0

0.54993E+01
0.66393E+401
0.67206E+0]
0.67392E401
0.47759E+401
0,68166E401
0.68482E+01
0.6B734E+01
0. 58945E+01
0. 491218401
0.69272E+01

d(pmega) /dk,

int-0

0.66306E+401
0.478B7E+01
0.48803E+01
0.49012E+01
0.69425E401
0.698B2E+01
0.70237E+01
0.70522E401
0.70757E+01
0.70954E+01
0. 11123E401

d(osega) /dk,

int-0

0.59734E+01
0.40376E+01
0.61054E+01
0.61162E401
0.61374E401
0.6160TE+D1
0.41784E+01
0.61929E+01
0.62046E+01
0.62144E+01
0.52228E+01

d{oseqa) /dk,

(.>-0

0,53944E+01
0.43595£401
0.466550E+01
0.6674%E+01
0.67198E+01
0.674674E40]
0,6B043E+01
0.6B338E+01
0.6B382E+01
0.68786E+401
0. 6895 1E+01

0.60686E+01
0.53251E+01
0.64798E401
0.65158E+01
0.65873E+401
0.66676E+01
0.67308E401
0.67814E+01
0.68238E+01
0.68596E+01
0.68703E+01

h=20, fas

{0

0.53736E+01
0.35464E+01
0.56532E+01
0.36784E401
0.57289E+01
0,57854E+01
0.58320€+01
0.38693E+0)
0.39005E+01
0.59271E+01
0.59501E+01
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int-!

0.604B1E+01
0.62735E+401
0. 63989E+01
0.44282E+01
0.64B6TE+0]
0.63529E+01
0. 66050E+01
0.66474E+01
0.66828E+01
0.67128E+01
0.573B7E+0!

0.125

int-1

0.8074BE+01
0.43171E+01
0,64551E+01
0.64997E+01
0.456BBE+01
0.66470£+01
0.4670B7E+01
0.567389E+01
0.68007E+01
0.68363E+01
0.6B66FE+01

0.125

int-1

0.55000£+01
0.56613E+01
0.57390E+01
0.57818E+01
0.58272E+01
0.38785E+01
0.59187E+01
0.59514E+01
0.59786E+01
0.60017E+01
0.50216E+01

h=30, ta= 0.125

(-1

0.58089E+01
0.60644E+01
0.62212E+01
0.625B0E+01
0.863313E+01
0.64143E+01
0.64797E+01
0, 63328E+01
0.65771E+01
0.66146E+01
0. b4449E+0]

{1

0.52457E+01
0. 55955€+0!
0.58135E+01
0.58663E+01
0.59738E+01
0. 60985E+01
0.41992E401
0.62826E+0}
0.63532E+01
0.56413BE+01
0.68565E+0]

-1

0.488457E+01
0.5062BE+01
0.52053E+01
0.52399€+01
0.53107E+01
0.53935€+01
0.54510E+01
0.35175E+01
0.55636E401
0.56073E401
0.56439€ 401

int-2

0.54952E+01
0.57330E+01
0.59214E+01
0.39621E+01
0.60849E+0!
0.61410E+01
0.562188E+01
0.62834E+01
0.63382E+01
0.63834E401
0.64265E+01

int-2

0.54026E401
0.57036E+01
0.59007E+01
0.594B4E+01
0.60454E+01
0.515B1E+0!
0.62494E+01
0. 63253E+01
0.63B97E+01
0. 64452E+01
0.64937E+01

int-2

0.49378E+01
0.51555E+01
0.32974E+01
0.33317E+01
0.54013E+01
0.548226 401
0. F47EE+D]
0.36018E+0]
0. 5647¥E+0L
0.56873E401
0.57220£+01
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0. 49345E+0!
0.52610E+01
0.5481BE+0!
0. 35359401
0. 5644BE+01
0.57766E+401
0.58824E+01
0.59708E+01
0.60459E+01
0.61108E+0!
0.61873E+01

(=2

0.43501E+01
0.46370£401
0.48870E+01
0.49454E+0!
0.30720E+01
0.52262€+01
0.53574E401
0.54710E+0]
0.355704E401
0.56588E+01
0.37375E+401

)2

0. 82064E+01
0.44320E401
0. 45926E+01
0.46332E401
0.47180E+0!
0.48206E+01
0.49071E+01
0.49815E+01
0.50455E+01
0.31041E40)
0.51556E+01
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1.0
2.0
3.0

I
v

4.0
3.0
6.0
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8.0
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10.0

Table T.4

gamsal

1.0
2.0
3.0
3.3
4.0
5.0
6.0
7.0
8.0
9.0
10,0

Table 7.5

gaeaal

1.0
2.0
3.0
3.3
4.0
3.0
6.0
1.0
8.0
9.0
10.0

Table T.4

int-0

0.22832E+01
0.23799£+01
0.24349E+0!
0.24475E+01
0.24723E+01
0.24999E+01
0.25213E+01
0. 25385E+01
0.25526E+01
0. 25648E+0]
0.2574BE+01

=0

0.214B5E+01
0.22728E+01
0.23452E+01
0.23418£+401
0.23945E+01
0.24308E+01
0. 24590E+01
0.2481 6E+01
0.25003E+01
0. 25139E+01
0,25204E+0]

th/k) 4d (omeqa) /dh, h = 10,

int-0

. 15097E+01
+15796E+01
«16200£+40]
16292E401
18473E+01
166T4E+01
. 16829E+01
« 16954E+01
JT056E+01
ATI43E+01
AT216E401

O 0 O 0O o0 o 0 00 o

{.-0

0.99359E+00
0. 11491E+01
0.12456E+01
0.12683E+01
0.13137E+01
0.13652E+01
0. 14059E+01
0. 14350E+01
0. 14664E401
0. 14900E+01
0.15102€+01

(h/k)8d(osega) /dh, b = 20,

int-0

0. 25913E+00
0.23847E+00
0.22571E+00
0.22271E+00
0.2167LE+00
0.20990£+00
0.20451E+00
0.2001 1E+00
0. 19643E+00
0.19329E+00
0.19057€+00

=0

0.17779E-01
0.28342E-01
0. 36897E-01
0.39135E-01
0.43970€-01
0.49944E-01
0.35072e-01
0.59332-0!
0.63443E-01
0.66911E-01
0.70016E-01

(h/t)t%d(omegal /dh, h = 30,
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int-1

0. 20005E+01
0.21377E+401
0.22214E+01
0.22410£+01
0.22802£+01
0.23244E+01
0.235393E+01
0.23877E+01
0.24114E+01
0.24315E+01
0.2448BE+01

fo = 0,125

int-1

0.12253E+01
0.13381E+01
0.14070E+01
0. 14232E+01
0.14554£+01
0. 14919E+01
0. 15207E+01
0. 15441E+01
0. 15436E+01
0. 15802£+01
0. 13944E+01

fa = 0.125

int-|

0. 1B456E+00
0.17923E+00
0. 17544E+00
0. 17450£+00
0.17256E+00
0.17026E+00
0. 16837E400
0. 16676E+00
0.16542E400
0.15423E+00
0.16318E+00

fa = 0.125

{1

0.17172E+01
0. 19034E+01
0.20192E+01
0.204566E4+01
0.21013E+01
0.21634E+0)
0.22125E+01
0.22524E+01
0.22861E+01
0. 23145E+01
0.23390E+01

(-1

0.551B0E+00
0.72375E+00
0.84505E+00
0.87526E+00
0.93762E400
0.10114E+401
0.10721E+01
0. 11230E+01
0.11665E+01
0.12042E+01
0.12372E+01

{1

0.29274E-02
0.66207E-02
0. 10682E-01
0.11523E-01
0. 14798E-01
0.18815€-01
0.225670E-01
0.26324E-01
0.29781E-01
0.33032E-01
0.35087E-01

int-2

0. 16499E+01
0. 1B145E+0]
0. 19254E+01
0. 1931 TE+01
0.20053E+01
0.20674E+01
0.211BOE+0!
0.21599E401
0.21954E+01
0.22260E+01
0.2252BE+01

int-2

0. 92460E 400
0.10613E+01
0.11510E+01
0.1172BE+01
0.12170£+01
0. 126B5E+01
0,13103E+01
0.13450£+01
0.13743£+01
0. 14000E+01
0.142228+01

int-2

0. 12073E+00
0. 1234 2E+00
0.12816E+00
0.12878E+00
0. 13002£+00
0. 13138 +00
0. 13244400
0. 133266 +00
0. 133956400
0. I3433E+00
0. 13502€+00
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0.11090E+01
0. 13300€+01
0.1483BE+01
0.15220E+401
0. 16007E+01
0. 16939E+01
0.17704E+01
0, 18348E+01
0.18898E+01
0. 19376E+01
0.19795E+01

{or-2

0. 17494400
0.28126E+00
0.37520£+00
0.40121E+00
0. 43B3BE +00
0.53224E+00
0.39811E+00
0.65713E+00
0.71029E+00
0.75841E+00
0.802{7E+00

()2

0. 11120£-03
0.41562E-03
0.948726-03
0. 11487E-02
0.16923-02
0.2627T5E-02
0.37206E-02
0. 49348E-02
0.62529E-02
. 76468E-02
0.50893E-02
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Appendix E. Coneideration of the wave-bresking formulation Eﬂ HISWA.

U.1 Introduction.

In the present appendix ve consider the vave-reaking forlulltioq in a one-

dimensional setting; that is, we do not consider the way in which the di-
rectionality of the vave field is accounted for in the wvave breaking formu-
lation. Here ve are especially concerned wvith the effect of the wave dissi-
pation formulation, while using the wave period Tm_‘ instead of the peak
period T as is used in the cne-dimensional model ENDEC which is described
in Battj:s and Stive (1985).

U.2 Statement of the problenm.

As remarked earlier, the setting of the vave breaking parameter y is of the
utmost importance in order to obtain a reliable wave height prediction. We
qﬁplied the optimal setting for » as given by Battjes and Stive (1985),
vhich vas obtained frowm investigation of a large number of prototype situ-
ations and laboratory measurements, vhile using T as the wave period in
the computations. In HISWA a vave period which ispahout 10 ¥ lover than Tp
is used (see the formulation in appendix A) and ve investigate the effect
of using a from T -different wave period on the prediction of wvave heights,

P
vhile using the one-dimensional energy balance equation :

d "
.&;[CQE] + Db =0.
The dissipation function Db ie given as
D = f @ H®
b Ia P8 bm '

vith the maximum allovable wvave height H given by an adapted HNiche
m

criterion as

r
H = -2 tanh [”_ kh] .
m k }"

The steepness parameter 7. has alvays been taken as 0.88 in ENDEC and

elso in all computations reported in the present study. The comsputational



-363- appendix U

parameter Qb, vhich represents a measure for the fraction of breaking vaves

(see also the remarks in chapter 5) is determined by iteration of

Q, = exp[ -(1-Db)/b=] , b

"
=

/H .
rms m

The optimel setting for y» has been related to the deep-vater vave steepness

(U. 1) Y = 0.5 + 0.4tanh| 33H /L] .,
opt rms0O O
vhere H & ie the root mean square vave height in deep water, evaluated by
rms
applying linear shoaling and L0 is the deep-vater vave length; notice that
this relation has been obtained by applying the peak period T .
P

We nov address the question wvhich vaeve breaking parameter to use in HISWA,
applying a constant, non-changing, vave frequency vhich is different from

f ; denote this frequency by fh and the corresponding vave period by Th.
m

In epplying the HISWA-model for practical situations, we look for the cha-

racteristic shape of the spectra, e.g. of JONSWAP-type and then take for

Ih/f the ratio v - as given in Table G.3; introduce nov for simplicity of
m -

writing the notation (1l+p) = » - sothat we have
(U.2) b i = (1+0f , 0O < pu < 1.
h m
Consider nov the energy-balance equation. We distinguish the ceses for f=f
m

and f=fh by tildes on all quantities which depend on fh. We thus have +to

compare the prediction of the vave energies E and E vith the tvo equations

0 for f = £

m

d

Fwe e * 0,
and

a;(cgE) + Db =0 for f = Ih .
We consider of course the situation that both computations proceed along

the same depth-path and that the wave heights at the start point (offshore)

is the same; at x=0 we thus have E = E. For the purpose of the discussion
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ve consider a very eimple discretization and evaluate the dissipation

function at the old level :
(cgE)nﬂ - (cgE)n + (Db)n = 0.

For the tvo cases ve then have as prediction of vave energy at the nevw

level
c D c )
g b . g b
E = R_E = L Ax , E = n_E - D | aAx
T+i c n C n+d ~ n .l
et ey ¢ :
gnd—i gI"N—.l.

Suppose that Eh and En are equal. For small step-sizes Ax (and thus also
small changes in depth from level n to level n+l) the ratios of the group
velocities are alwost unity. In order that the predicted wvave energies at
level n+l are equal it is therefore necessary that the ratio Db/cq ie the

same for the tvo frequencies f amnd fh.
m

The invariance of Db/cg for the tvo wave-frequency measures f=fm and £=fh
has to be accomplished by & suitable choice of the parameter » and possi-
bly aleo y . We concentrate at first on intermediate to shallov-wvater depth
and keep t;e steepness parameter y. fixed. The expression for the dissipa-

tion function is given by

1 2
= H "
Db Ia 1-Ql:rr-n
vhich is not very suitable to see the differences due to different frequen-
cies, in the first plece because of ﬂb, vhich depende critically on Hm,

vhich in turn depends on the frequency. An epproximate expression for Gb.
due to Stive, has been given in Dingemens (1983, p.183) and is

7
= 2, /
Q = 2.4CH__/H )7,

sothat the corresponding approximation to Db can be written as

(U.3) D =0.6cpgfH Vi

rme m



-365- sppendix U

For a prediction of the vave energy to give the same results for the fre-
quencies f and fh' Db/c has to be invariant. This nov amounts to the
m g

invariance of the quantity, F, given as

(U. 4) F o= £ H ’
c

the other parameters being the same.

U.3 Small parameter expansions.

In the present section the setting of the vave-breaking parameters in HISWA
is related to that of the case of the situatione vhere the peak frequency
is used. This is accomplished by expressing the HISWA quantities in terms

of the other ones by expanding the parameters into terms of the usual ones.

U.3.1 Relations betveen frequencies and vave numbers.

With different frequencies, also the vave numbers are different. The amount
of difference betveen the vave numbers is set by the frequency differences
and the relation betveen the tvwo is nov first investigated. Hereby the nev

(HISWA) frequency and vave number are expressed in terms of the old ones.

Notice that ¢ end H are given by
g m

c, %a [tanh kh + kh(l - tanh®kh)] , w = 2nf
(U.5)

g
H = -2 tanh ["_ kh] :
m k ¥
o
Using the dispersion relation
(U.6) w® = gk tanh kh
and denoting the quantities dependent on w_ by a tilde, we obtain with

(u.7) w == (l+plw , kh = k = (1+8)k

and the expansion
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tanh[ (1+5)kh] = tanhkh +S5kh(1-tanh®kh) - ;(sxh)‘tanhkh C1-tanh®kh) +
+ 0(8%

the folloving relation betveen y and & :

( 1 1 2 2 1 9, _

u. 8) kh[; - O = z-kh(l-o J1& + [1 = kh(;- o)) & - utu+2) « 0(&") =0,
vhere the abbrevation o = tanh(kh) has been used.
Given u, the value for & is the positive root of this equation and follows
easily as a function of kh. Consider the limiting values for =shallov- and

deep-vater. For shallov water, kh << | and o = kh. Then is obtained upon

neglection of (kh)% terms :

&% ¢ 28 - p(u+2) =0, or (81T = (u+1)®  and thus, & = p.
For deep wvater, kh >> 1, one has tanh(kh) = 1 and there is obtained with
c=1

& = pt2+), or (1+8) = (1+)® and thus, & = 2u .

It is noted that these limiting values for & in teres of u also follow
directly from the deep-vater dispersion relation Wt = gk and the shallov

vater dispersion relation wt = ghkz.

U.3.2 The maximum wvave height.

Expressing # in terms of H yields, with
m m

7y = (1+u)y  and

(U.9)
(1+p) = (1+8)(1+p),
ok P - 2y 2
| ﬁm oEH ¢ F-s-yh[l tanh ;.kh] + 0(p®)
(U.10)

xt
"

m " Top G, ¢ A .
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The group velocity ¢ is expressed in terms of ¢ in the folloving vay
g g

If—u [cg . g—w 28kh(1-tanh®kh){1 + kh tlnhkh}] .

at
n

(U.11)

- 1
c c ¢+ AC
g 1*#[ g 9]

Substitution into F then yields

AH _ -5
- 1 » m
- 2 s (Hm’AHm) ° 2 s —E:J
Fo= @ed®@ed)” £ 2T = ed®(1e8) = F .
g g 1 + g
C
g

For invariance of F it is thus necessary that the folloving condition is
fulfilled :

AH _ -5 Ac
(U.12)  (leECL+8)> [1 . H"’] = 1.2,
m g
or,
bﬂm & @ Ac _-o0.2
.13 T = Qe (1+5)[1 + c“] :
m g

Expressions for AH /Hm and Acg/cg follov from (U.10) end (U.il1l) a=s
m

[l-tlnh' ;;kh]

aH ¥ s 2
= = pLan + 0(p%)
™ Y«  tanh Zkh
%
[ ]
(U.14)
Ac. _ 28kh(i-tanh®kh)[ 1 + kh.tanh kh]
By tanh kh + kh(1l-tanh®kh)

A difficulty with condition (U.12) is that it is still 2 function of kh,

see above expressions for Aﬂm and Acg. Substituting the expressions for

AH /H and Acg/cg. e condition for p is obtained in terms of y and o. A
m m

numerical evaluation for some values kh with fixed velues for u, » and ¥,
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(0.13, 0.80 and 0.88) yields for the increase in y, given by v» (;=(1*v)7)

kh 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
v .025 .027 .030 .034 .040 .048 .058 .072 .090 .112
& .130 .132 .134 .137 .141 .146 .152 .158 .165 .172
ac /e .131 .135 .142 .150 .160 .171 .183 .195 .206 .215

Teble U.1 », & and Acg/c as function of kh; p=0.13, »=0.88, »=0.88 .
-]

Consider nov limiting values. In deep vater one has ¢ = 1 and the expres-

sions for Ac /c and AH /H reduce to zero, sothat the condition that F is
g g m m

invarient would become (1+u)=(1*5)5= 1 , kh>» 1.

This condition cannot be fulfilled because, in deep water, the relation be-
tveen y and & is (1+5) = (l*p)z. Hovever, because the limiting vave height
in deep vater is given by its steepness, equivalent vave breaking cannot be
achieved vithout accounting for the steepness of the vaves, governed by the
parameter o vhich has been held constant up till now.

Introducing agein a small parameter, g, by
= ) oy = +

(U. 15 7, (1 a:)y. ,

and noting that for deep water one then has

i = _® 1+g 1+ ¥

=% " GEE"

the folloving condition for invariance of F is obtained, which condition

can be used to choose the sppropriste vave steepness for wave breaking in

deep vater :
(e ®1+8)%U1+e)™ = 1,
and thus,
1+g = (1+)*®® for kh >> 1 .

Taking as example 1+y = 1.13, there is obtained 1+g = 1.34 and ;. = 1.34-7.
= 1.18 for the usual choice 0.88 .
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For shallov vater, kh << 1, one obtains

g AH“"
maBe =k
g m

and the condition that F is invaeriant becowmes
1.2
1+p = 1+ for kh << 1,

vhich yields the new choice of the vave breaking parameter ; in shallov
vater (see algo relations (U.9)). Using the shallov-vater relation (1+8&) =

(1+4), there is obtained for v :

1+p = (1+)*®  for kh << 1,

With 1+4 = 1,13 there is obtained l+v = 1.025 and thus y i8 2.5 % higher
than .

It has been seen above that it is necessary in deep water to change the
value of the steepness parameter 7, so as to make it possible to obtain
invariance of F vhen the computation proceeds vith w instead of vith w. As
the values for » and r, ere both fixed in the whole of the computational
domain, & higher value of r, has also consequences for the wvave breaking in
intermediate water depths; only in shallov vater the influence of the wave
steepness disappears. Because condition (U.13) has been derived under the
condition that 7, = ;.. it i® necessary to redo the previous analysis to

mccount for differences in alloved vave steepness.
The maximum vave height ﬁm is vritten nov as

R 1+g rl r 4
(U.16) Hm -5k tenh[ (i+r) ;T—kh] »

2
wvith the small parameter r given by

(U.17) ler = i-:% (1+8) .
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An expension of H up to O(r) yields :
¢ m

s _ l+g _ 2y 2
(U.18) B = [IEH + (ewiph [1 tanh ;—kh] . o@rYy

vhich can alsoc be written as

H = l+g H 1+ AHrn
m & 'm H '

m
(U.19)
- 1 - tanh® :—kh
m P 4 B
= r —kh
", ’s tanh L xh

For deep vater the previous result is recovered because, for Y xh » o oOne

s
has AH /fH 4 0. 1In the shallov water limit, kh + 0, one has AH /Hm + T,
m m m

and thus, ﬁm + (1ep)H = ¥h.
The condition for equivalent wave bresking effect can be obtained by sub-
stituting expression (U. 14b) for Acg/cg and expression (U.19b) for Aﬂm/Hm
in condition (U.12). It is to be noted that, with M given, this is one re-
lation for tvo unknovns, v and g&. Furthermore a possible solution depends
still on the local value of kh. Introcucing the quantities G‘ and G‘.
vhich are functions of kh (and of » end 7.) by :

1 - tanh® ::—kh

(U.20a) G = ¥ xh d
. 7- tanh Z_kh
Y
B
and
2
(U.20b) G_ = 2kh C(l1-tanh“kh)[ 1 + kh.tanh kh] '

tanh kh + kh(1-tenh®kh)
the relation for invarience of F can be revorked into

15

w21y (reprg = | Cud® - % 18)
. W I_SE:' I+5 &

*
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In order to get some idee of the parameters involved, a numerical evalua-
on of expression (U.21) is given below, for kh-values ranging froe n/20 to
n/2, vwhile for p, r, ure taken the standard values 0.80 end 0.88. This has
been carried out for tvo values of u, viz., g = 0.13 end u = 0.107, accor-
ding to the cases of JONSWAP-type spectra with peak-enhancesent fectors of
2 and 3.3 respectively (see Table G.3). As either v or & can be calculated,
one of the tvo is chosen beforehand. The range of the steepness variation
is from £ = 0 to £ = 0.35, giving a range of steepness parameters ;.
betveen 0.88 and 1.19. The corresponding values for v are calculated and
presented in the Tables belov as 100yp.

kh .157 . 314 . 471 .628 .785 .942 1.099 1.256 1.413 1.570
&

. 000 2.61 3.03 3.80 5.06 6.98 9.82 13.91 19.68 27.65 38.49
. 050 2.55 2.78 3.25 4.05 5.36 7.40 10.47 14.95 21.31 30.13
.100 2.48 2.54 2.69 3.04 3.74 4,98 7.03 10.23 14.97 21.77
. 150 2.43 2.30 2,13 2.03 2.11 2.56 3.59 S5.530 8.64 13.40
. 200 2.37 2.05 1.58 1.02 .49 .13 .15 .78 2.30 S5.04
. 250 2.31 1.81 1.02 .01 -1.14 -2.29 -3.29 -3.95 -4.04 -3.32
. 300 2.24 1.57 .47 -1.00 -2.76 -4.71 -6.73 -8.68 -10.38 -11.68
. 330 2.18 1.32 -.09 -2.01 -4.38 -7.14 -10.17 -13.40 -16.72 -20.04

Table U.2 Values 100y for uy = 0.13, y = 0.80 and o 0.88

kh .157 .314 . 471 .628 .785 .942 1.099 1.256 1.413 1.570

. 000 2.16 2.52 3.17 4.23 5.85 8.24 11.69 16.56 23.29 32.45
. 050 2.10 2.27 2.60 3.19 4.18 5.75 8.15 11.69 16.75 23.81
. 100 2.04 2.02 2.03 2.16 2.32 3.27 4.61 6.82 10.21 15.16
. 150 1.98 1.77 1.47 1.13 .85 .78 1.07 1.95 3.67 6.52
. 200 1.92 1.52 .90 .09 -.81 -1.71 -2.46 -2.92 -2.88 -2.12
« 250 1.86 1.27 .33 -.94 -2.47 -4.19 -6.00 -7.79 -9.42 -10.77
. 300 1.80 1.03 -.24 -1.98 -4.14 -6.68 -9.54 -12.65 -15.96 -19.41
. 350 1.73 .78 -.81 -3.01 -5.80 -9.17 -13.08 -17.32 -22.30 -28.05

Teble U.3 Values 100y for u = 0.107, y» = 0.80 and 7, = 0.88

It is to be noted that the wvhole exercise has been carried out to get any

idea hov to choose the wave breaking parameters ; and ;- vhen the vwave
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computation is carried out with another frequency than the peak frequency
of the spectrum. For the latter one the choice of the parameter y has been
tuned to a large number of measurements, carrying out all computations with
a fixed steepness parameter, ¥ = 0.88. Furthermore, it is to be noted that
the enalysis is carried out for a fixed frequency w, wvhereas HISWA computa-
tions are often carried out vith variable frequency, where the veriation is

determined by the wvave dissipation.

Relation (U.21) gives only an indication of the choice of paraseters, in
"the first place because the expensions are carried out to first-order and
also because of the epproximete formulation for Qb, giving the approximate
expression for the vave dissipation, Eq. (U.3). Expression (U.21) should
therefore only be considered to give an indication of the interdependence

of the parameters.

The result of (U.21), as e.g., expressed in Tables U.2 and U.3, ie that for
one combination of ; and ;. the prediction of the wvave energy in the vwhole
of the computational region using the frequency w cannot be the mame a=s
obteined wvith a combination yp, v, for the peak frequency w. One has to
concentrate on the kh values vhere the vave field is of importance to the

application involved. In that respect expression (U.21) may be helpful.

In order to facilitate the evaluation of (U.21) for other choices of para-
meters, the values for G‘ and Gz are given belov for some kh-values; notice
that for Gl the choice »=0.80 and y_zo.aa has been wmade. Notice furtherwmore
that Gl decreases monotoneously from 1 for kh=0 to zero for kh + o For G!
a maximum value near kh=1 is obtained. see Table U.4. Values for & as func-
tion of kh are given for several values of y in Table U.S5. Notice that the
p-values chosen correspond vith JONSWAP-type spectra with pesk-enhancesent
factors of 1, 2, 3.3, S and 7, see Table G.3 on page 208.

kh . 157 .314 . 471 .628 .785 .942 1.099 1.256 1.413 1.570
G1 .987 .948 .887 . 812 .727 .839 .352 .470 .3% .330
G. 1.01e 1.060 1.120 1.812 1.229 1.252 1.243 1.203 1.134 1.044

Table U.4 VYalues G’ and Gl ag function of kh; for G’ : »=0.80, y;IO.SB .
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kh .157 .314 . 471 .628 .785 .942 1.099 1.256 1.413 1.570

v,
. 167 . 168 .173 . 180 . 190 . 202 . 216 . 232 . 248 . 264 . 279
. 130 . 131 . 135 . 140 . 148 - 157 .168 . 179 . 191 . 203 .215

. 107 .108 .111 . 115 .121 129 .138 .147 .157 .166 .175
. 088 . 089 .091 .095 . 100 106 .113 .120 .128 .136 .143
. 074 .074 . 076 .079 .084 .089 .094 .101 . 107 113,119

Table U.5 Values 5 .

There are tvo possible courses open to choose a combination (;, ;.), vhen u
end velues for » and v, ere knovn. One consists of determining £ (end thus
y.) from deep-vater veve-breaking considerations; then & might follov from
the relation 1+g = (1¢y)“/5 given earlier and from (U.21) the appropriste
value for » (and thus ;) can be obtained sothat in the region of interest
(for specific kh-values) the quantity F is aproximately invarient. A second
approach vhich is possible, is to choose ; first end then to use (U.21) to
decide upon the appropriate value of &£. As the vave breaking parameter } is
related to the deep-vater vave steepness, a similar approach might be used

for ;; this is considered further in next section.

U.4 The choice of the optimal wave breaking parameter.

The vave breaking parameter » is determined eccording to the deep-vater
vave steepness Hrm-o/Lo' vhich is determined by applying linear shoaling
using T end the vave height H at the start position. This start posi-
tion hl: been chosen such thntrT: i® outeide the vave-breaking =zone. When
using Th instead of Tp to determine the deep-vater steepness, =& different
steepness results for the same vave height at the start position.

There is

wvith
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Because L Cl+) %L , we obtain for & = 33 H /L the expression
o] =] [=] rme0 ©O

i Acg 0.5
s (1) [1 . cg] = (Le@s_

(U.22) 8
(]

From (U.20b) and (U.14b) it is noted that there can be written

(U.23) 1+q (1+p>'(1+5sz)°'5 .
Applying the formula for the optimal setting of the vave-breaking parameter
for ;, Eq. (U.1), wve obtain upon expanding the resulting expression for

emall q,

~ 2 2
(U. 24) = +« 0. # (q) .
u. 24 ¥ y + 0.4 chFI tanh"s ) + O(q

For a specific value y the corresponding deep-vater steepness parameter Bo

follove from (U.1) as

. y - 0.5
(U. 25) sD lrctanh[——a?z——] :

For an evaluation of ;, given y, the start position of the computation is
etil]l required in order to obtain kh (g depends through GG‘ on kh). The
start position should be in relatively deep vater, sothat not much dissipa-
tion due to wave breaking and bottom dissipation has appeared from truly
deep vater to the start position. Therefore a fev examples are vorked out
for kh above 0.8 (notice that kh is determined by w, not ). Hotice that it
follovs froe Eq. (U.1) and also from (U.25) thet the range of values for p
i restricted betveen 0.5 and 0.9. The dependence of q on kh is very slight
because both & and G: do not vary much vith kh (see Tables U.4 and U.5)
and, moreover, the dependence is in the form of (1+&Gl)‘/‘. see Eq. (U.23).
The largest difference is four units in the third decimal in the range kh =
0.80 to kh = 1.70 (obtained for u = .167). The values », as resulting from
Eq. (U.24), are given as function of » for kh=0.8 in Table U.6. The

corresponding values 100p are given in Table U.7.
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r .66 .68 .70 .72 .74 .76 .78 .80 .82 .84 .86 .88
I
-167 |.734 .761 .786 .810 .833 .853 .872 .889 .903 .913 .918 .917

.130 |.716 .741 .765 .788 .810 .831 .950 .867 .883 .895 .904 .908
.107 |.706 .729 .753 .775 .797 .817 .837 .854 .871 .B85 .89% .903
.088 |.697 .720 .743 .765 .786 .806...826 .844 .861 .876 .889 .898
.074 |.691 .713 .735 .757 .778 .798 .818 .837 .854 .870 .884 .895

Table U.5 Values », kh = 0.80.

r .66 .68 .70 .72 .74 .76 .78 .80 .82 .84 .86 .88
I,

.167 |11.3 11.9 12.3 12.5 12,5 12.3 11.8 11.1 10.1 8.7 6.8 4.2
.130 | 85 9.0 9.3 9.5 9.5 9.3 9.0 8.4 7.6 6.6 5.2 3.2
. 107 &% 7.3 %% 1T 7.9 7.8 7.3 68 62 5:3 4.2 28
. 088 5.6 5.9 6.1 6.2 6.2 6.1 5.9 55 50 4.3 3.4 2.1
. 074 4.6 4.9 5.1 5.2 5.2 5.1 4.9 4.6 4.1 3.6 2.8 1.7
Table U.6 Values 100v, kh = 0.80.

It should be remembered that the value for ; as predicted by (U.24) is only
approximate, due to the mpproximations involved in the derivation of the
reletion, especially in (U.22). Consider therefore tvo examples: at a start
depth of 25.8 m, the incoming wave field is given by Tp = 14 and 11 s, with
He = 8 m and 6 m respectively. Take u = 0.13 sothat the vave periods Twrio
become 12.39 and 9.73 8. Applying relation (U.1) for ell cases, ve obtain
() ¥) = (.727, .774) and (.768, .811) for the peak periods 14 end 11 s
respectively. According to linear shoaling an exact evaluation of the quan-
tities lo and ;o yields (.o' ;o’ = (.643, .840) and (.810, 1.036). Evalua-
ting q from U.23) for the stert position (kh = .7987 and 1.0812 respective-
ly) one obtains from (U.24) the estimates ; = ,796 and .841. The relation
(U.24) thus yields too high estimates, .02 and .03 for the present cases.
These estimates give 100v = 9.5 and 9.5 instead of 6.5 and S.6. This
furnishes a reason for the high values v in Teble U.6, vhersas in Table U.3

lover values for the same kh-values are obtained.

The conclusion to be drevn from this comparison is that the expansion
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(U.22) is cleerly not sufficient, which is to be expected because the para-
meter q is not really very small, but has values up to 0.5; in the above
comparison, q vags around O.4. So, for the expansion as given in this sec-
tion to be of any use, it has to be carried out to higher order in gq, at
least up to the second-order. Instead of (U.24), there is mimply obtained
up to O(qz) H

oy = i 2 _’_v 3
(U. 26) Y y + 0.4 quCI tanh so)[l = qsotlnh QD] + O(q) .

A check on the previous twvo examples gives, with 'o = 0.643 and 0.810, the
values y = 0.757 and 0.828, vhich is clearly an insufficient improveeent of
the previously obtained estimates. That this improvement 4is insufficient
can also be seen directly from the factor [1 - O.quotanhsol in Eq. (U.26);
with ’o about 0.7 and kh betveen 0.8 and 1, there is obtained q about 0.4
and the factor obtains a value around 0.9 (in the previous twvo examples :

0.93 and 0.89), vhereas the increase in y is about 0.03.

The conclusion is thus that neither (U.24) nor (U.26) are fruitful expan-
sions. A better approach is to use formulation (U.1) directly with the mean

vave period T o to obtain ;, and thus also p. Notice that this epproach
m

is quite feasable for project work in wvhich specific cases are to be consi-
dered. Using the so obtained value for p, the steepness parameter may be a-
dapted by using formula (U.21) of which a numerical evalustion for

specific choices of y and ) is given in Tables U.2 and U.3.

The validity of using the setting (U.1) applied for the vave pericd Tnpao
to get an estimate for ; is investigated nov. Taking the pevious exsmple of
Tp = 14 B, H. = 6 m at a start depth of 25.8 m, resulting in y = 0.7267, we
found that v would be 0.0656 for u = 0.13, resulting in » = 0.7744. The
difference betveen » and ; is rather large. Calculating the change in the
steepness pirlleter, £, for v = 0.0656 results in negative values for &£ for
kh-values betveen 0.5 and 0.4 (notice that in this kh-range most vave brea-
king takes place and that the corresponding depths are between 12 and 7 w).
As positive g-values are physically wmore sound, we calculated for the
present example the g-values for a fev lover values of v, see Table U.7
belov. For the present example the case of » = 0.02 and &£ = 0.17 seems a

reasonable compromise. This would result into the setting » = 0.74 and ;- =
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e-value first

calculating the with (U.21) corresponding value for v, the results of

variation in £ sre given in Table U.8 belov.

kh 1,0000 . 9000 .8000 .7000 .6000 .S5000 . 4000 .2000
v
. 0000 .2059 ,2109 . 2224 .2439 .2823 .3516 .4850 1.6317
. 0200 .1609 , 1542 . 1494 .1472 .1483 .1574 .1791 . 3936
. 0250 . 1497 . 1401 . 1312 .1230 .1156 .108S .1026 .0841
. 0300 . 1384 . 1259 .1129 .0988 .0823 . 0604 .0261 -.2254
. 0400 .1159 .0976 . 0764 . 0504 .0156 -.0367 -.1269 -.8445
. 0500 . 0934 .0692 .0400 ,0021 ~-.0511 ~-.1338 -.2799 -1.4635
. 0656 . 0583 .0250 -.0170 -.0734 ~-,1552 -.2852 -.5186 -2.4292
Table U.7 Vealues £ from (U.21) as function of kh;
y = 0.7267, ¥y * 0.88, n = 0.13.

kh 1.0000 . 9000 . 8000 .7000 .6000 .5000 .4000 .2000
£
.00 . 0915 . 0744 .0610 . 0504 . 0423 . 0362 .0317 .0264
.05 . 0693 . 0568 .0472  .0401 . 0348 .0311 . 0284 . 0256
.10 . 0471 . 0391 .0335 .0298 .0273 . 0259 .0252 .0247
.15 . 02459 . 0215 .0198 .0194 . 0198 .0208 .0219 .0239
.17 . 0160 .0144 .0144 .0153 .0168 . 0187 .0206 .0236
.20 . 0026 . 0038 . 0061 . 0091 .0123 . 0156 .0186 .0231
.25 -.0196 -.0138 -.0076 ~-.0013 .0048 .0105 .0154 .0223
.30 -.0418 -.0314 -.0213 -.0116 -.0027 .0053 .0121 . 0215
+ 35 -.0640 -.0491 -.0350 -.0219 ~-.0101 .0002 .0088 . 0207
Table U.8 Values v from (U.21) as function of kh;

y = 0.7267, y_=0.88, u = 0.13.

U.S Conclusion.

In the present appendix some excercises have been carried out in order

and

some

to

get some insight in the problem of choosing vave breaking parameters vhen
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the vave propagation computation ie carried out using another wave period
wmeasure than the peak period. It has been shown that the parameter wsetting
can not be carried out in @ unique wvay, given experience and validation of
parameter setting in the case of the wave propagation with Tp. One has to
focus to a specific region in space, vithin the computational region, where
the quality of the vave height prediction is especially important.

It is stressed that the wethods given in this sppendix do not give an an-
sver vhich can be used in practical cases with great confidence. Horeover,
the problem of & vave frequency vhich changes due to vave dissipation is
not considered st all. What is needed in fact is a nev consideration of the
vave date sets to obtain a nev curve of optimal wave breaking parseeter
values, as vas described in Battjes and Stive (1985) for the case of T .
Because of wmore parameters involved in HISWA, it is not certain befnrehu:d

vhether such an excercise leads to useful results.

It is certain that the problem of the choice of parameter setting in HISWA
needs more attention than is given in the present report. This appendix has
been 1nclﬁded primarily to notice the problem, to give some indication of
possible courses vhich might be useful (or not) to solve the problem, and
to give some help in choosing the parameters in the mean time, until the

question becomes settled.
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APPENDIX V. Comparison of measured and vith WAQUA computed current fields.

In this appendix the current computations with the model WAGUA are repor-
ted. As in mppendix R, driving forces of the same HISWA computation ve3Saa
have been used. There are performed tvo sets of computations, one with a
fine grid (these computations are denoted by ve3Swhx) and one with a coarse
grid (denoted by we3Svkx). Variations in time-step and in aplying mass-flux
corection terms have been applied. The differences betveen the wvarious
computations have been given in Table V.0 belov. In all ceses the computa-

tion time vas 20 minutes physical time.

computation grid At mass-flux correction
ve3Svhl 7667 3.08 #
ve3Svh2 76x67 1.5 s =
ve35vh3 76x67 3.0 B +
ve35Svh4 76 %67 1.5 8 +
ve3Svkl 26x23 6.0 8 -
ve3dSvk2 2623 3.0 s =
ve35wk3 26x23 6.0 B +
ve3Svk4 26x23 3.0 s +

Table V.0 Overviev of the WAQUA computations

The computed velocity fields have been asnalyzed in the same vay as vas done
in sppendix R for the ODYSSEE current fielde. As these computations vere
carried out as part of another project, a w®more extensive asnalysis will

appear elsevhere.

To ease the visualization, the current fields after 15 minutes of computa-
tional time have been given in Figures 83 to 90; the current vectore on the
computational grid are shovn. Because in WAGUA the free wsurfece elevation
is computed together vith the velocities (vhereeas in ODYSSEE a rigid-lid
approximation ie used), graphs of the time histories of the weter level and
the current velocity for a selected grid point ere given imn Figs. 91 to 98.
These Figures shov that the computations go to their equilibiuma wvalue.

It follove from Table V.65 that the computetions give less varietion in
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absolute current values than the measurements (see the standard deviati-
ons). the currents computed on the large grid are wore uniform (%smeared
out®) than those computed on the small grid, vwvhich ie as expected. The
mass-flux correction gives a more uniform current field than when it is not
applied. Also the deviations vith the measured current field are elightly
larger in the computations vith wmass-flux correction than in the ones
vithout that correction. The current fields computed with WAQUA are not
significantly better than those computed with ODYSSEE (mee appendix R).
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Table V.2 Case ve35whl, current directions @, in degrees.
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Table V.24 Case we3d3vk2, current velocities uy, in cwm/s.
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Taeble V.28 Case ve35vk3, current velocities uy, in cm/s.
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Table V.32 Case ve35vk4, current velocities uwy, in cwm/s.
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Table V.36 Case we3Svhl, deviations for uy, in cm/s.
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.1 0.2 -0.2
1.8 -3.0
deviations for uy,

-2.6

Table V.39 Case we35vh2, devietions for ux, in cm/s.
1.

Table V.40 Case we35vh2,
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Table V.44 Case ve35vh3, deviations for uy, in ce/s.
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Table V.48 Case ve3dSvh4, deviations for uy, in cm/s.
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Table V.54 Case ve3S5vk2, deviations for @, in degrees.

Table V.53 Case ve35vk2, deviations for u, in ce/s.
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Table V.62 Case ve35vk4, deviations for &, in degrees.
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peas. comp. deviation

case vel. <l. 1> s(l.l) <l.1> s(i.1) <l.I> s(l. 1)
ve35vhl u 10.12 6.18 9. 56 5.45 2.59 1.94
ve35vh2 u 10.12 6.18 9. 46 5.37 2.66 1.92
ve35vh3 u 10.12 6.18 9,72 S.28 2.60 1.99
ve3Svh4 u 10.12 6.18 9.61 S.26 2.66 2.00
ve35vkl u 10.12 6.18 8.49 4.57 2.88 2.37
ve3Swvk2 u 10.12 6.18 8.66 4.62 2.77 2.30
ve3Svk3 u 10.12 6.18 8.99 4.25 2.70 2.54
ve3Svk4 u 10.12 6.18 S.17 4.31 2.63 2.44
ve35vhl ux 7.20 6.59 7.21 6.05 2.36 1.98
ve35vh2 ux 7.20 6.59 7.05 5.97 2.55 1.95
ve35vh3 ux 7.20 6.59 7.14 3.92 2.64 2.13
ve35vh4 ux 7.20 6. 59 7.13 3. 80 2.69 2.13
ve3Svkl ux 7.20 6.39 6. 36 S5.14 2.86 2.42
ve35vk2 ux 7.20 6.59 6. 48 3.26 2.80 2.31
ve35Svk3 ux 7.20 6.59 6.75 S5.15 2.78 2.45
ve3Svk4 ux 7.20 6.59 6.86 5.33 2.77 2.39
ve3Svhl uy S.34 4.13 4,41 3.65 1.90 1.54
ve35vh2 uy 5.34 4.13 4.44 3.70 1.99 1.63
ve3Svh3 uy 5. 34 4.13 4,64 3.87 1.76 1.30
ve3Swvh4 uy S5.34 4.13 4.55 3. 86 1.85 1.59
ve35vkl uy 5.34 4,13 3.98 3.24 1.81 i1.61
ve35vk2 uy S5.34 4,13 4,04 3.24 1.76 1.56
ve35vk3 uy 5.34 4.13 4.09 3.22 1.76 1.65
ve3dSvk4 uy 5. 34 4,13 4,13 3.21 1.74 1.60

Table V.65 Hean and standerd deviastions of absolute values.
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Case

veldouh|
velowhe
velouhl
velouhd
velowk i
velowke
velowk3
velowké

velsuhi
velSuh?
velowh3
veouhé
vedowk ]
valowk?
vl
valowh4
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velhl
velouhd
velouki
velhuk2
veloukd
velSuké
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66 Primary statistical parameters for the current.

EEEEEEEE ce=ceccce
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a1
81
81
a1
81
81
81
81

81
8l
81
81
8l
81
81
81

81
81
81
81
81
81
81
a1

a1
81
81
81
81
81
81
81

81
81
81
81
81
81
81
81

81
81
81
81
81
81
81
81

(Us)
fcm]

10.12
10. 12
10,12
10.12
10.12
10. 12
10.12
10.12

1.41
1.41
1.44
1.41
1. 41
1.41
1.41
1.41

-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.96
-1.56

bias
%

-5.49
6.46
-3.9%
-3 05
-16. 06
~14, 44
-11.12
-4.40

23. 31
19.99
~4.70
-6.20
-2 %
-0.42
3.08
7.62

24.29
18.47
.94
28. 80
25
4. 07
36. 33
38. 94

s(lm) s(lc)
[om)

[cm)

9.56 6.18 5.45
9.46 618 537
9.72 6.18 528
.61 618 5.2
8.49 6.18 4.5
8.66 6.18 4,62
8.9 6.18 4.25
9.17 618 4,31

.74 9.9 9.28
L9 9.69 9.1
1.3 9.69 9.21
1.2 9.69 9.13
.37 9,69 8.09
1.40 9.69 8.25
.45 9.69 8.4
.52 969 4&.58

-1.18 6,59 563
-1.27 639 565
-1.04 63 5%
-L11 65 88
.74 659 510
.77 63 515
0.9 653 513
<.% 653 516

Bae
) 4

2. 57
6. 31
&.73
&b. 31
28. 46
a7.38
.72
2b.24

161,84
181.01
187. 54
190.68
803.24
198. 44
191.5
1%. 5

121.9%2
127.65
112.78
118.64
116. 35
113.07
113.23
1L

31.68
3.38
32, 30
32.86
36. 76
35.47
36.58
. 51

229,51
£27.56
240,47
242. 86
263. 33
&57.01
£62. 69
238,78

136.67
164.75
148.14
136. 13
135, 14
130. 45
154.83
151,19
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a
[cm)

1.9
.9
2.3
2.33
216
2.2
3.21
3.26

0.46
0. 44
0.09
0.08
0.28
0.29
0.3
0.3

0.06
=0. 04
0.28
0.19
0.41
0.45
0.16
0.21

18
16.97
17.07
17.7
2.8
2%. 5
a8.27
6. %5

70.19
73.66
75 14
81.74
154. 89
142.08
135.64
122.72

8a.82
89.30
T0. 46
7.9
121.67
118.37
115. 79
113.41

b

0.76
0.74
0.73
0.72
0.63
0.64
0.37
0.58

0.90
0.89
0.89
0.88
0.77
0.7
0.80
0.8

0.80
0.79
0.85
0.83
0.74
0.75
0.74

£1.68
21.57
27.43
21.63
&4,
.73
a3.21
& 12

218.51
213. 16
828, 42
228.72
215.43
214.16
224, 96
&27.83

129.06
138.45
130.31
136.40
9. 25
.87
102.78
99.98

Table V.67 Secondary statistical parameters for the current.
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&y 323
2.66 3.28
60 327
266 3.2
2.88 372
Ay S
270 3.7
265 3.5

2% 3.23
23 32
.64 3.39
269 3.4
2.8 374
280 362
a7 3.7
277 365

%0 2.4
¥ 2%
76 2.3
85 2.43
81 2.4
L7 234
.76 2.4
.74 2.3

24.61
&7.48
&.%
23. 30

.22
N1
57.1

.35
12.85

9.7
11.33
34.08
30.56
6. 66
.49

3. 14
£9.38
22.62
23.68
61.51
61.90
Ba
36. 27
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yZeBE= Uk

42,41

90,65
81.715
90.24
88.67
65.9%
69.44
L3
77.51

67.86
70.62
7.3
%R
38.49
38.10
44.07
43.73

"

31.60
3.
2.2
.67
33.27
2.5
B5.07
34. 45

&89, 74
228.03
841.%
244, 32
866. %6
&38.61
864, 31
880,87

k-~ -]
164.73
143,33
154, 41
146. 86
141.28
151. 64
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0.%
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0.87
0.87
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0.97
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0.9
0.9
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0.9
0.9
0.9
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0.9
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0.89
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0.8
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0.86
0.86
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0.87
0.85
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0.87
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0.%
0.9%0

dl

0.70
0.69
0.70
0.69
0.866
0.67
0.67
0.67

0.82
0.82
0,82
0.81
0.79
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