
m s m INTERNAL DOCUMENT fo^ 

I. 

Technical Advisory Group 2 
to the 

Wave Energy Steering Committee 
Contract E/$A/C0E/1$16 

Selected wave records 
and one-dimensional spectra for 

St Gowan 

[This document should not be cited in a published bibliography, and is 
supplied for the use of the recipient only]. 

INSTITUTE O F 
O C E A N O G R A P H I C 

SCIENC2ES 

\ 
/ 



INSTITUTE OF OCEAIMOGRAPHIC SCIENCES 

Wormley, Godalming, 
Surrey, GU8 BUB. 

(042-879-4141) 

(Director: Dr. A. S. Laughton) 

Bidston Observatory, 

Birkenhead, 

Merseyside, L43 7RA. 

(051-652-2396) 

(Assistant Director: Dr. D. E. Cartwright) 

Crossway, 

Taunton, 

Somerset, TA1 2DW. 

(0823-86211) 

(Assistant Director: M.J. Tucker) 



Technical Advisory Group 2 
to the 

Wave Energy Steering Committee 
Contract E/5a/CON/1516 

Selected wave records 
and one-dimensional spectra for 

St Gowan 

Internal Document No 107 

This document should not be cited in any other 
paper or report except as 'personal communication' 
and it is for the use of the recipient only 

G N Crisp 
Institute of Oceanographic Sciences 
Crossway 
Taunton 
Somerset September I98O 



CONTENTS 

SECTION I SELECTION AND PROCESSING OP DATA 

(1) The St Gowan Wave Recorder 

(2) Selection of records 

(3) Digitisation of selected records 

(It.) Computation of spectra 

(5) Data supplied 

(6) Data Organisation 

SECTION II DATA CHARACTERISTICS 

(1) One dimensional properties 

(2) Average directional characteristics 

APPENDIX I METHOD USED TO DETERMINE THE ANGULAR DISTRIBUTION OF WA7E POWER 

(1) Distinguishing between wind sea and swell 

(2) Calculation of directional distribution 



SECTION 1 SELECTION AND PROCESSING OF DATA 

(1) The St Gowan Wave Recorder 

The data presented in this report were measured by a Shipborne Wave Recorder 

(Mk l) which was mounted upon the St Gowan Light Vessel. The recorder was located 

to the west of Carmarthen Bay at a position 51°30.5'N, ̂ °$9.8'W. The water 

depth at this point is approximately I49 m. 

Analogue records of sea surface elevation as a function of time are recorded 

routinely on paper charts. Each record is nominally of 12 minutes duration 

and records are made every 3 hours. 

The data used in this report comprise a subset of the available data and were 

selected from recordings made between August 1975 and August 1976, and between 

January 1977 and December 1977. As the Light Vessel remains on station 

continuously except when recalled for a refit, the instrument can be calibrated 

only relatively infrequently. Calibrations were carried out in June 197S, 

September 1976 and November 1979 and the instruments' sensitivity remained 

stable to within 3% throughout that period. As the instruments' sensitivity is 

reset at each calibration, no corrections have been applied for such small 

drifts in sensitivity. 



(2) Selection of Records 

UOI records were selected from the large body of available data, in a fashion 

designed to ensure that the characteristics of the selected records should 

reflect the long term conditions at the site. The selection procedure used 

followed closely the method described by Crabb (1978). The hourly mean wind 

speed and direction, measured at Milford Haven during the hour prior to each 

wave record were used to characterise the local meteorological conditions 

during each wave recording. The selected records were so chosen that the 

percentage occurrence, classified by speed and direction, of the winds measured 

locally prior to each recording, matched closely the annual average occurrences 

classified in the same way. The average annual mean wind speed and direction 

distributions were obtained using all of the data recorded at Milford Haven 

between 1970 and 1977. For each class of speed and direction, the selected 

records were chosen so that the number of records drawn from any one season in 

the year corresponded as closely as possible to the occurrence of that wind speed 

and direction classified by season. For this purpose seasons were defined as 

follows; 

Spring: March, April, May 
Summer; June, July, Aug 
Autumn: Sept, Oct, Nov 
Winter; Dec, Jan, Feb 

Each of the selected records was inspected by eye in order to ensure that the 

record conformed to the known characteristics of such records and to check 

that the stylographic quality was adequate for semi-automatic digitisation of 

the record. The distributions of speed and direction derived from the long 

term data and the selected set are shown in Table 1. 
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(3) Digitisation of selected records 

The selected records were digitised by the image analysis group in the 

Department of Nuclear Physics at Oxford University. Each record was photographed 

on to 70 mm film and the photographic copy digitised using 'PEPR', a computer-

controlled, semi-automatic, optical digitising system. The very high resolution 

of this machine enabled digitisation with an accuracy somewhat better than 

half the width of the original pen trace. The optical scanning system used, had, 

however, to distinguish the required pen trace from a background grid printed 

on each chart. This was achieved successfully for approximately 80% of the records, in 

the remaining 20% of the records there were small regions of the digital 

record which corresponded to lines in the background grid, rather than the 

required pen trace. 

Each of the digital records was plotted to the same scale as the original chart, 

and the two were compared by superimposing the plot upon the original. Where 

the two did not match, the digital record was edited and the procedure repeated 

until a good match was achieved. The records were digitised at equal increments 

along the time axis, corresponding to a sample rate of 2Hz. The vertical 

resolution of the digital records corresponded to approximately 1 cm elevation 

of the sea surface. (This is roughly in accordance with the variance of the 

calmest record in the set (Serial No 11), which in all probability is dominated 

by instrumental noise originating from the digitisation process. ) 



(U) Computation of spectra 

Each of the digital wave records was converted into a corresponding spectrum 

using a standard Past Fourier Transform algorithm applied to the whole digital 

time series. No window function was applied to the time series. The spectral 

estimates were averaged 7 at a time, rendering smoothed spectra with a frequency 

resolution of 0.0097 Hz. 

Each spectrum was then corrected for the instrument response using the formula 

s'Cf) = S C f ) . ( o ^ [ i - 8 8 ( 2 T r f f 

where di was the depth of the pressure unit used in the recorder, S'C'P) 

the corrected spectral estimate and 5(f) the uncorrected spectral estimate. The 

correction formula (l) results in large corrections at high frequency and 

inspection of the corrected spectra revealed an unreasonable increase in S 

at high frequencies, presumably originating from instrumental noise. As, at 

high frequencies, the form of the spectrum is expected to tend to 

S'Cf) "f ^ each spectrum was plotted logarithmically and a stria^t line of 

slope -5 fitted to the spectrum at a frequency below that at which unreasonable 

behaviour was displayed. The higher frequency spectral estimates were then 

replaced by the value obtained from the extrapolated straight line. This 
r - 5 

procedure is illustrated in Pig 2a and 2b. The frequency at which the r 'tail' 

was spliced onto the original spectrum was chosen by eye so as to obtain as good 

a fit as possible to the original spectrum. 



- 2 L O G f 

- 2 LOG f 

FIGURE 2 2a SHOWS THE EFFECT OF HIGH FREQUENCY NOISE ON THE COEBECTED SPECTRUM 
2b SHOWS THE SAME SPECTRUM WITH A "TAIL" f-^ FITTED AT HIGH FREQUENCY 



($) Data supplied 

The data to which this report refers are supplied separately in computer 

compatible form. The data comprise J4.OI digital wave records and I4.OI corresponding 

one dimensional spectra. The records were written using Fortran computer programs, 

using formats specified below. 

Wave record format 

Data points represents the sea surface elevation in metres measured at 0.5 second 

intervals. Each wave record consists of llUiO such data points. Wave records are 

written separately to individual files as follows: 

Wave Files - logical record description 

Logical record 1 - Alpha-numeric header (20A1, I3) of the form 

ST GOWAN WA7EREC0ED HKN 

Logical record 2 - Five integer numbers being in order: MMM, a record 

identifier (MMM = M M + IOO), followed by the year, day number, hour, and 

minute of the start of the record. 

Logical records 3 - 122. Successive data values written (12F6.2). Each record 

is 72 characters long, padded with space characters, where necessary. 

Files are separated by an IBM compatible tape mark (Physical EOF). 

Spectra 

The spectra calculated as described previously, are written to separate files. 

Moments of the spectrum are defined as 

/An = df 
f, 

•fJ - 0.Oi+Iiil- Hz 

- 0.6569 Hz 

Moments M_2 to M^ are included in each file. Each file also contains 



-fe, 

Logical record 2 

(a) Significant wave height, Hs, defined as [FKo 

("b) Energy period, T e defined as Te = M - l / M o 

(c) Go da 1970 peakedness factor, Q p , defined as Q p = f 
° f, 

Spectrum files - Logical record description 

Logical record 1 Alpha^numeric header (I6AI, I3) of the form ST GOWAN 

SPECTRUM MMM, MMM is the spectrum serial number 

(MMM = M N + 100) 

Five integers (5lU) being the year, day number, hour 

and minute of the start of the wave record and a 

number referring to the spectral component at which 

a tail of the form af ̂  has been fitted. 

Significant wave hei^t and energy period (2F6.2) 

Wind direction in degrees, divided by 10 (eg 280 degrees 

is written as 28), and wind speed in knots. 

Spectral moments (El2.6) M_2 Î|. 

Goda's QP (E12.6) 

Component frequency (Hz) and corresponding spectral 

density (m^/Hz) each record written (F6.i;, 3X, E12.6). 

Each logical record is 21 characters long and is padded with space characters 

where necessary. Files are separated by an IBM compatible tape mark (Physical EOF). 

Logical record 3 

Logical record U 

Logical records 5-11 

Logical record 12 

Logical records 13-76 



(6) Data Organisation 

The I4.OI selected spectra are indexed and plotted below, in an order which is 

determined by the significant wave height and the energy period associated with 

each record. The spectra are grouped into classes of Hs, 0.5 m in width and are 

arranged in descending order of Te within each Hs class. The frequency axis 

extends to 0.5 Hz in each of the plots and the full scale of the variance axis 

is indicated in each plot. The index to the spectra includes a brief summary of 

the characteristics of each spectrum comprising Hs, Te, the wind speed and 

direction prior to each recording, and the -2 to U order spectral moments. 



SECTIOH II DATA CHAEACTERISTICS 

(1) One dimensional properties 

As can be seen from the spectral plots, the diversity of spectral shapes 

encountered at St Gowan is large and in qualitative agreement with a similar 

diversity observed at South Hist. However the distribution of the St Gowan 

spectra amongst Hs classes differs significantly from that observed at South TJist. 

In the St Gowan spectral set, low values of Hs occur more frequently than at 

South Fist, indicating that at St Gowan the wave climate is less energetic. 

This feature of the data is also illustrated in the Hs, Te scatter diagram 

shown in figure 3-

An estimate of the average annual energy flux has been calculated from the 

St Gowan spectral set, assuming that the water depth at the recording site is 

kS m and taking into account the effect of the variations of group velocity 

with water depth. The energy flux thus derived is l5«7 Kw/m which is approximately 

one third of the average annual energy flux estimated at South Uist. 

(2) Average Directional Characteristics 

The average directional characteristics of the wave climate have been estimated 

using the measured spectra in conjunction with meteorological data. The method 

used is described in Appendix I and depends upon the identification of that 

part of each spectrum which is generated locally and that part of the spectrum 

which corresponds to energy which has advected from distant wave generating 

centres. The former part of the spectrum is referred to as wind-sea and the latter 

part is referred to as swell. In reference 2 a third catagory, called the old 

wind-sea was included in the model. This was applied to residual energy, generated 

up-fetch in the local wind field, which advected through the recording station after 

the local wind had changed. In the present work, the effect of this component has 

been incorporated into the wind sea portion of the spectrum as described in 

Appendix 1. 

Directional properties were ascribed separately to the wind-sea and swell portions 

of each spectrum in order to calculate the average energy flux in each direction. 

In general, the directional properties of any wind-sea are rather broad with 

energy propagating over a range of directions either side of the mean wind direction. 

As a simplifying approximation it has been assumed for the present purpose, that 
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for each spectrum,the wind sea energy propagates in the same direction as the 

generating wind. However, it is expected that the resulting average 

distribution of energy flux with angle will not be unrealistically narrow, as 

this distribution has been smoothed by averaging over 30° sectors. 

The energy contained in the swell portion of each spectrum was assumed to have 

been generated by distant wind fields located in the open Atlantic. As the 

recording site is exposed to the Atlantic over a relatively narrow range of 

angles from 210°-270°, this condition defines the directional properties of the 

swell energy within reasonably close limits. For the purpose of calculating 

the average energy flux as a function of direction, no attempt was made to 

establish the form of the swell distribution with angle within the allowed range 

of directions. Instead it has been assumed that the swell energy is evenly 

distributed over angles from 210°-270°. 

The separation of each spectrum into the wind-sea and swell revealed that, of the 

total average annual energy flux of 15-7 Kw/m, 7-U Kw/m was contained in the 

wind-sea portion of the spectra and 8 .3 Kw/m was contained in the swell portion. 

The average directional distribution of energy flux calculated for the set of 

spectra is shown in figure 

The average power fluxes reported here are approximately one third of the energy 

flux for measurements made at the South Uist offshore buoy. Such a difference 

in the wave climate at that location and at St Gowan, is thought to arise as a 

result of a number of factors; 

(1) St Gowan is exposed to the open Atlantic over a smaller range of angles 

than is South TJist, so that it would be expected to receive less swell 

energy. 

(2) The fetch available for wind-sea generation is restricted over a larger 

range of angles than at South Uist so that the energy in the wind-sea portion 

of the St Gowan spectra is reduced. 

(3) The wind climates at St Gowan and South Uist differ, with the average wind 

speed at South Uist exceeding that at St Gowan. This can be seen from figure 

5 which shows the wind distribution for the two sites, derived from long 

term measurements. 

It is interesting to note that the average annual power flux ascribed to swell 

at South Uist is 29 Kw/m and this figure is directly comparable with the swell 

power flux of 8 .3 Kw/m reported here. These figures are roughly in proportion 
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to the exposure for swell at each site. At St Gowan swell can be received over 

60° of angle while at South Uist swell can be received over a range of directions 

which is 160° wide. Expressed in terms of power flux per angle of exposure, 

the swell energy received at the two sites are of comparable magnitudes, with 

0.11). Kw/m per degree at St Go wan and 0.18 Kw/m degree at South Uist. 

The average wind speeds at the two sites, calculated from long term wind speed 

and direction data are II4 Knots at South Uist and 10.5 Knots at St Gowan, while 

the wind-sea contributions to the energy fluxes at the two sites are 19 Ew/m and 

8.3 Kw/m respectively. There is some uncertainty as to form of the dependence 

of average power levels on average wind speed, although Mollison (l977) gives 

theoretical arguments which suggest that for fully developed seas, the average 

energy flux should vary as the fifth power of the wind speed. For seas which 

are not fully developed, the average energy flux is expected to vary more slowly 

with wind-speed, so that the comparative magnitudes of the average wind-sea 

energy flux at South Uist and at St Gowan are not unreasonable. A comparison of 

the wind speeds at the two sites shows that the wind-sea power levels are accounted 

for if the average energy flux varies as the cube of the average wind speed. 



APPENDIX I METHOD USED TO DETERMINE THE ANGULAR DISTRIBUTION OP WAVE POWER 

The method used to determine the directional distribution of wave power from 

the one dimensional wave measurements, follows closely the method described by 

Crabb (1979) in so far as the available data at St Gowan allowed. Each spectrum 

in the set is assumed to be composed of two portions: a hi^ frequency wind 

sea portion which can be accounted for by the winds measured locally during the 

21). hours prior to the wave recording, and a low frequency swell portion which 

is unrelated to the local wind. It is assumed that wind sea propagates in the 

direction of the generating wind while the swell energy is assumed to advect 

from the open Atlantic to the wave recording site. (As the recorder is exposed 

to the Atlantic over a relatively small range of angles (210°-270°), the latter 

assumption determines the direction of the swell energy within 60°). 

Thus, once each spectrum has been separated into wind-sea and swell components, 

the average distribution of power with angle can be calculated for the set of 

spectra. 

1 DISTINGUISHING BETWEEN WIND-SEA. Aim Sli/ELL 

A simple model of the one dimensional spectrum was adopted in which the local wind 

was assumed to be capable of generating waves with frequencies down to a lower 

limit, fc. The limiting frequency fc, was determined by the wind's speed, its 

duration, and the fetch over which it acted. All of the energy associated with 

waves with frequencies in excess of fc were assumed to have been generated by the 

local wind while all of the energy associated with lower frequencies than fc, was 

assumed to have advected from a non-local source. 

In order to determine the cut off frequency for each spectrum, the local wind 

history during the 2l\. hours previous to each wave recording was used to describe 

the local wave generating conditions, and a simple empirical model was used to 

relate these conditions to the generated spectrum. 

A number of simple wave forecasting charts and tables which can be used to relate 

wind and wave conditions, have been investigated by Crabb (1979) who found that 

a formulation due to Inoue (196?) and reported by Silvester (1974) was best 

suited to the present application. This formulation was used by the present 

author for the calculation of fc. The model uses a Pierson-Moskowitz formulation 



of the spectrum parameterised in terms of wind speed and fetch. It applies 

under steady generating conditions and gives for the spectral density, s(f),i 

(2) 

Where u is the wind speed and oC. and ^ depend upon the fetch. 

For fully developed seas; 

OC = O - 00&\ 

jS = O 74-

Under fetch limited conditions 

-O • l<34-
ac - O - O O S I 

/ p- x — 0-2.d-4-
yS = 0 I c x p [ ( L n 7 VL) ) 3 (U) 

r FDS ' 

Where Fjij)g is the fetch required for fully developed seas to be generated by a 

wind of speed u. 

FpDS = 3.19 

Where is in Nautical Miles and TJ in Knots 

The peak of the spectrum (2) is given by 

f m = (O 8 ^ ) ^ Z'r( u 

(S) 

The lowest significant frequency in the spectrum was assumed to be simply related 

to fm by; 

fc = k fm 

Where the constant k was determined by comparing fc and fm in those cases where 

spectra contained in the set were strongly bimodal and fc could therefore be 

estimated directly from the data. 

Once k had been determined in this way, the cut off frequency, fc, was calculated 

for each spectrum using equations (It.) and (6) together with the appropriate wind 

history. In practice this procedure required two further refinements to allow fc 



to he calculated in every case. Firstly, the fetches associated with each 

direction had to be modified so as to take account of the effect of the limited 

width of the fetch in certain directions. Secondly appropriate fetches had to 

be ascribed to those conditions where significant changes in wind speed or 

direction had occurred during the 2i| hour period prior to each measurement. 

Duration limited conditions were treated by selecting an equivalent fetch, so 

defined that a steady wind blowing over the equivalent fetch would have the same 

effect as the duration limited wind. 

The effective fetch in any direction was calculated as a weighted average of 

the geometric fetches measured at 6° intervals up to 1+2° either side of that 

direction. Such a procedure is described in Reference 6 which gives the appropriate 

weighting factors for each direction, resulting in the formula for the effective 

fetch: 

Z F (e t) Cos e L 
F e f f = 

Where f( 0L ) is the geometric fetch in a direction 01 with respect to the 

direction in which FgfFis calculated 

Significant variations in wind speed and direction during the 2h hour period 

prior to each recording were treated by adjusting the fetch to take account of 

any duration limited portions of the wind history. If the lowest fc thus 

calculated, corresponded to the segment of the wind history immediately prior to 

the wave record then no further calculation was necessary. On the other hand, 

if the lowest value of fc corresponded to generation at some time previous to the 

wave record, as would occur, for example, when the wind had become calm for some 

hours prior to the recording, then a second cut-off frequency, fc2 was calculated. 

fc2 represented the lowest frequency in the old wind-sea spectrum which would not 

have propagated past the recording site during the time between the generation of 

the waves and the time at which the recording was made. Thus fc2 was determined 

by the condition 

Vg C f o z ) = d / i - (8) 

Where Vg (fc2) is the group velocity of waves of frequency fc2, and 

the fetch associated with the generating conditions which occurred at a time 

prior to the wave recording. 



In those cases where fc2 exceeds fc, the lowest frequency waves, for which 

fc < f < fc2, will have propagated down the fetch past the wave recorder and the 

lowest frequency wind-sea waves recorded will be of frequency fc2. If on the 

other hand fc2 < fc, waves of frequency fc can be detected at the recorder so 

that fc is the appropriate cut off frequency. 

2 CALCUMTIOW OP THE AVERAGE DIRECTIONAL DISTRIBUTION OP ENERGY PLUX 

Once the wind-sea cut-off frequency had been determined for each spectrum 

directional properties were ascribed to the wind-sea portion of the spectrum by 

assuming that all of the energy associated with the wind-sea portion of each 

spectrum travels in the same direction as the generating wind. (This assumption 

takes no account of the directional spread about the mean wave direction, but 

this should not be very important because the annual average distribution of 

energy flux with angle derived from the data has been smoothed by averaging over 

30° sectors). 

The remaining energy in each spectrum is assumed to have been generated by distant 

generating centres. In order to ascribe directions to the swell wave trains, it 

is noted that the wave recorder used to make the measurements is exposed to the 

Atlantic over a relatively narrow range of angles so that the swell portion of 

each spectrum is assumed to approach from this range of angles. In order to 

calculate the variation of the average swell energy flux within this allowed 

range of directions, it would be necessary to use hindcast techniques to identify 

the swell generating centres for each spectrum. In the absence of this information 

it has been assumed that the swell energy is, on average, evenly distributed over 

the range of angles from 210°-270°. 
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fTimrnrnrnrTjnrnrnmrnrnmmmmmnmrnrnriiTininmmmmrnrniTimrTiir h 
t I I I I I I I I I I t ! t I I I I t ! I I 1 I I t I I I i I ( t I > i I I I I I t I t o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

N W W N W W W W W W W W W W W W W W W u ) W W W W ^ W W W W W W 4 & W C h W W W 4 » $ * W W ^ k W W N 

p O p o p p p p p p p p p p p p p p p p p p p p p p p p p p p o p p p p p p p p p p p p 

en w ^ "Sj W • - M CO •-' K) (.1 •-» »-' A K) w * . w . K ) (n \O ^ K )W ^ O J » - N J » - t n K ) h O w ^ w N g 
0 ) w S j »0 U A ^ A W w. W V) O 0^ 0 ) 00 o ^ u )-'s0-£>OOO»-'>-' w W C O W A ^ ' k J L ^ U I A o 3 w CD 0 * W N) 00 L# O ^ W 0~ 0^ W 0* A ^ o c o o D ( . q ^ v ) 0 u i W W w E 
0 ) O w m A 1,̂  O O ^ N W W L# N) CD O CD CO c u o p" (.K ( D C O C O W W W W C h 0 ) »-* V] z m m m m m m m m m rr rr m m n m m m n m m m m m mmrrmmmmm m m m m m m m m m 

T 
m - i 

o o o o o o o o o o o o o 6 o o o o o 6 6 o o o o o o o o o o o o o o o o o o o o o o o w w w w w w w W W W A W W * w w ^ w W > 4 W A W W U I ^ * w 

p p p p p p p p p p p p p p p p p p p P P p p p p p p p p p p p p p p p p p p p P P P p 
N ^ 0^ CO ^ (s x ) ^ -* h) N »« »- W Kj r. ^^WUWW**WI J* ̂  K) &AUI W. W ^ w w w ^ o o A A 00 x l N \) W cn o 00 :» N^O ^ * 0 O ^ >0 w 4& A hJ C^ » - o L l K) 0* A (D (*» \ 0 U 0 ) vH * ^ * ^ w w o o m i N) o ĉ  W CO ~J w N 00 o w w 
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.Ĥ ô fs.o(̂ a)ooMincDNOO(DO 

So r #4Nm4̂ inoh.(D<̂ 0'̂ fNM4'inoĥ a)(̂ o 
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CD 
CD 

m 
—I 
X I 

p p p p p p p P P p P P P P P p 
M. N k) W N k) h. k) k) N 00 w A w 0 A r.n kj Ci) cm w w 

s j w l!( VJ X) s j i> w ^ s ! Sf 0 w 0) 0 0 W 0̂  x) A N i> W A (fj 0 0 m m m m m m m m m m m m rn 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

) p p p p p p p p o p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p 
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SERIAL HS TE WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 ' MOMENT 2 MOftNl 3 MOMENT 4 
NO. METRES SECS DIR DEO SPEED KTS • 

373 3 82 11. 49 150 6 0. 1291E 03 0. 1050E 02 0. 9143E 00 0. 8753E--01 0. 9704E-•02 0. 1366k-02 0 2727E-03 
374 3. 65 l a c w 240 12 0. e904E 02 0. 8306E 01 0. SGOSE 00 0. 9336E--01 0. 1284E-o i 0. 2417E-02 0. 6541E-03 
373 3 69 250 8 0. 914WE 02 0. 8266E 01 0. e491E 00 0. 1062E 00 0. 1775E-01 0. 4205E-02 0 133% -02 
376 3 58 8 70 180 18 0. 6552E 02 0. 6933E 01 0. 7990E 00 0. 1028E 00 0. 1578E-01 0 3148E-02 0 8583E-03 
377 3 71 8 40 210 19 0. 6838E 02 0. 7224E 01 0. eaooE 00 0 1199E 00 0. 2064E-01 0. 4639E-02 0 13e2E-02 
378 3. 51 &33 240 22 0. 5698E 02 0 6409E 01 0. 7690E 00 0. 9959E--01 0. 1432E-"01 0. 2416E-02 0 5178E-03 
379 3.56 8 32 260 14 0. 57/7E 02 0 6574E 01 0 7899E 00 0. 1021E 00 0 1474E-01 0 2546L-02 0. 5733E-03 
380 3 70 ^ 9 0 310 9 0 5572E 02 0. 6747E 01 0. e545E 00 0. 1166E 00 0. 1819E-01 0. 3350E-02 0 9333k.-03 
381 3.71 ^ 7 3 260 25 0. 556pE 02 0. 6659E 01 0. 861:% 00 0 1222E 00 0. 1969E-01 0. 3820E-n2 0 9483E-03 
382 3 76 7 49 280 17 0. 5267E 02 0 6606E 01 0. a ^ ^ E 00 0. 1282L 00 0 2117E-o i 0. 4228E-02 0 1084E-02 
383 3 55 7 16 300 15 0. 4335E 02 0. 5630E 01 0 7e60E 00 0. 121 IE 00 0. 2154E-01 0. 4718E-02 0 1332E-ff 

Hs. 3 50 to 3 99 METRES 



SERIAL H9 TE WIND WIND MOMtNT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS DIR DEO SPEED KTS 

334 4. 36 11. 32 160 13 0. 1611E 03 0 1342E 02 0. 1186E 01 0. 1143E 00 0. 1263E-01 0 1726E-02 0. 3211E-03 
383 4 29 9 46 270 13 a i i # e 03 0 1090E 02 0. 1152E 01 0. 1370E 00 0. 1922E-01: 0. 3402E-02 0. 8092E-03 
386 4 07 9. 04 310 18 0. 9448E 02 0. 9350E o i 0. 1034E 01 0 1362E 00 0. 2341E-01 0. 5629E-02 0. 1839E-02 
387 4 17 * ^ 2 190 24 0. 9656E 02 0. 9783% 01 0. 1084E 01 0. 1343E 00 0 1928E-01 0 3413E-02 0 7975E-03 
388 4 06 7 96 220 22 0 7206E 02 0. 8200E 01 0. 103iE 01 0. 1516E 00 0 2837E-01 0 7403E-02 0. 2569E-02 
389 4 14 ^ ^ 3 80 23 0. 7003E 02 0 8175L 01 0. 1071E 01 0 1603E 00 0. 2891E-01 0. 6749K-02 0. 2087E-02 

Hs. 4 00 to 4 49 METRES 



SERIAL MS TE WIND WIND MOMENT 
NO. METRES SECS DIR DEC SPEED KTS 

MOMENT -1 MOMENT O MOMENT MOMENT 2: MOMENT MOMENT 4 

390 
391 
392 
393 
394 
395 

4. 58 
4. 97 
4. 58 
4. 51 
4. 89 
4. 69 

11. 01 
10. 65 
10. 22 
9. 99 
9 87 
9. 24 

230 
100 
170 
240 
230 
210 

19 
20 
9 
14 
24 
18 

O. 17B1E 03 
0. 1894E 03 
0. 147SE 03 
0. 1337E C3 
0. 1556E 03 
0. 1296E 03 

O. 1444E 02 
O. 164%E 02 
0. 1338E 02 
O. 1270E 02 
O. 1475E 02 
0. 1273E 02 

0. 1311E 01 
0, 1545E 01 
0. 1309E 01 
0. 1271E 01 
O. 1495E 01 
0. 1377E 01 

0. 1453E 00 
0. 1658E 00 
O. 1438E 00 
O. 1370E 00 
O. 1651E 00 
O. 1752E 00 

0. 2216E-01 
0. 2240E-01 
O. )9.32E-01 
0. 1669E-01 
O. 20A7E-01! 
0. 2f05E-01l 

0. 5001E-02 
0. 4212E-02 
0. 3638E-02 
0. 2537E- 0Z 
0. 3170E- 02 
0. 6864E-02 

0. 1523E-02 
0 il23E--02 
0. 1026E-02 
O. 5456E-03 
0. 6592E-03 
0. 2255E-02 

Hs. 4-50 to 4 99 METRES 



SERIAL HS IE WIND WIND MOMENT -2 MOMENT ••1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS DIR DEG SPEED KTS 

;;96 5. 42 12. 06 230 16 0. 2867E 03 0. 2217E 02 0. 1833E 01 0. 1696E (JO 0. 1B43E-•01 - 0. 2560E--02 0. 4V51E-03 
397 &17 1L15 250 14 0 22(.2E 03 0 1860E 02 0. 1668E 01 0 1703E 00 0. 2114E-01 0. 3479E' -02 0. 80702-03 
398 a 10 270 12 0. 1436E 03 0. 1478E 02 0. 1623E 01 0 1959E 00 0. 2751E-<fi : 0. 4934E -02 0. I225E-02 

3. 38 8. 53 250 22 0. 1389E 03 0. 1547E 02 0. 1812E 01 0 2301E 00 0. 3379E--01 0. 6422E -02 0. 1730E~02 
400 5. 08 8. 36 220 32 0. 1243E 03 0. 1349E 02 0. 1614E 01 0. 2194E 00 0. 3562E--01 0. 7356E -02 0 2003E-02 

Hs. 5-00 to 5-49 METRES 



SERIAL HS TE MIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT A 
NO. METRES SECS DIR DEG SPEED KTS 

AOl 5.91 7. 86 290 20 0. 1448E 03 0. 1717E 02 O. 2184E 01 O. 3135E 00 0. 5523E-0i 0. 1295E-01 0. 4051E-02 

Hs. 5-50 to 5-99 METRES 



I.Oi HS 0=44 n 

TE 10.13 S 

O.Sn HS 0.42 n 

TE 8.93 S 

0.5n HS 0 .43 n 

TE 9.18 S 

0.5i HS 0.12 n 

TE 8.19 S 

0»5i HS 0.21 n 

TE 9.08 S 
0.5-1 HS 0.18 n 

TE 8.14 S 

0.5-, HS 0.26 n 

TE 8.98 S 

0.5-1 HS 0 .40 n 
TE 8.65 S 



0.5i HS 0.40 n 

TE 8.60 S 

0.5i 

13 

HS 0 .25 n 

TE 8.18 S 

0 D 5~i 

1 
10 

HS 0.31 n 

TE 8.48 S 

0.5i 

14 

HS 0o43 n 

TE 8.14 S 

0.5-1 

11 

HS 0.02 n 

TE 8.34 S 

0.5-1 

15 

HS 0.32 n 

TE 8.04 S 

0.5-1 HS 0 .46 n 

TE 8.33 S 

0 . 5"! HS 0.36 n 

TE 1.93 S 

12 16 



0 = 5-1 

11 

HS 0.36 M 

TE 1.56 S 

0.5i 

21 

HS 0.2-1 n 

TE 6.99 S 

0.5-1 HS 0 . 3 2 n 

TE 1.54 S 

0 o 5n 

18 22 

HS 0.41 n 

TE 6.94 S 

OoSi 

19 

HS 0.31 n 

TE 1.31 S 

0.5-1 HS 0.38 n 

TE 6.82 S 

23 

0.5-1 HS 0.20 n 

TE 1.28 S 

0.5-1 HS 0.25 n 

TE 6.13 S 

20 24 



0o5n 

25 

0a5-l 

26 

0.5-, 

21 

HS 0.41 n 

TE 6.52 S 

0.5i 

29 

HS 0 .46 n 

TE 6 .43 S 
0.&1 

30 

HS 

TE 

0.22 n 
6.38 S 

0.5-1 

31 

HS 

TE 

0.24 n 

6.18 S 

HS 0.22 M 

TE 6.11 S 

HS 0.48 M 

TE 6.10 S 

0.5-] HS 0.21 M 

TE 6.33 S 

0.5-1 HS 0.36 n 

TE 6.09 S 

28 32 



0.5i 

33 

HS 0.25 n 

TE 6.08 S 

0.5-1 

31 

HS 0.45 n 

TE 5.61 S 

0.5-1 

34 

HS 0.21 n 

TE 5.99 S 

0.5n 

38 

HS 0 . 3 9 n 

TE 5.52 S 

0.5i HS 0 . 4 2 n 

TE 5 .14 S 

0.5-) HS 0.26 n 

TE 5.42 S 

35 39 

0.5i HS 0.42 n 

TE 5.11 S 

0.5-1 HS 0 . 4 3 n 

TE 5.15 S 

36 40 



0.5n 

41 

Hs 0.4T n 

TE 4.90 S 

I.On 

45 

HS 0.52 n 

TE 11.99 S 

0.5-1 

42 

HS 0.35 n 

TE 4.81 S 

1.0-1 

46 

HS 0.51 n 

TE 11.14 S 

0p5n 

43 

HS 0 . 3 9 n 

TE 4.36 S 
2.On 

41 

HS 0.84 n 

TE 10.12 S 

0 D 5-i HS 0 . 44 n 

TE 4 .34 S 

l.Oi HS 0.52 n 

TE 10.61 S 

44 48 



2.0-, HS 0.90 n 

TE 9.89 S 

l.Oi HS 0.62 M 

TE 9o49 S 

49 53 

I.Oi HS 0.14 n 

TE 9.61 S 

laOn HS 0.68 M 

TE 9.24 S 

50 54 

5.On HS 0.98 n 

TE 9.63 S 
1.0-1 

51 55 

HS 0.81 n 

TE 9.01 S 

2 . O n HS 0.19 n 

TE 9.51 S 

IcOn HS 0 . 6 2 n 

TE 8 . 8 5 S 

52 56 



l.Oi HS 0.92 n 

TE 8.15 S 

2.0-1 HS 0.69 n 
TE 8.39 S 

51 61 

2.On 

58 

HS 0.81 n 
TE 8.12 S 

0.5i HS 0.51 n 
TE 8.31 S 

62 

l.Oi HS 0.68 n 

TE 8.58 S 

1 = 0-1 HS 0.59 n 

TE 8.33 S 

59 63 

0 = 5-1 HS 0 . 5 3 n 

TE 8.49 S 

1 = 0-1 HS 0.83 n 

TE 8.18 S 

60 64 



2oCh 

65 

0.5-, 

66 

2.0-1 

HS 0.94 n 

TE 8.16 S 

l.Oi 

69 

HS 

TE 

0.11 n 

8.03 S 
2.On 

10 

HS 

TE 

0.88 n 
8.03 S 

0.5i 

HS 0.91 n 

TE 8.01 S 

HS 0.95 n 
TE 1.99 S 

HS 0.53 n 

TE 1.95 S 

61 11 

l.On HS 0.92 n 

TE 8.03 S 

0.5-1 HS 0.59 n 

TE 1.94 S 

68 12 



loOl 

13 

loCh 

HS 0.63 n 

TE 1.88 S 

HS 0.12 n 

TE 1.19 S 

11 

I.Oi 

HS 0.62 n 
TE 1.13 S 

HS 0.86 n 
TE 1.66 S 

14 18 

0.5n HS 0.60 n 

TE 1.16 S 

0.5i 

15 

HS 0.61 n 
TE 1.64 S 

19 

2 . On HS 0.95 n 

TE 1.16 S 

loOl HS 0.14 n 

TE 1.63 S 

16 80 



2.0i 

81 

HS 0=19 n 

TE 1.62 S 

0.5-1 

85 

HS 0.52 n 
TE 1.44 S 

1.0-1 

82 

HS 0.80 n 

TE 1.61 S 

l.Oi 

86 

HS 0.54 n 

TE 1.40 S 

0.5i HS 0.14 n 

TE 1.58 S 

l.Oi HS 0 . 8 5 n 

TE 1.31 S 

83 81 

1.0-1 HS 0.61 n 

TE 1.52 S 

2.0-1 HS 0.91 n 

TE 1-31 S 

84 88 



IpQi 

89 

1=0, 

90 

0o5n 

HS 0.83 n 

TE 1.24 S 

0.5-1 

93 

HS 0.65 n 

TE 1.19 S 
1.0-1 

94 

HS 0-14 n 

TE 1.04 S 

HS 0.58 f1 

TE 1.03 S 

HS 0.10 n 

TE 1.08 S 
loO-| HS 0.69 n 

TE 1.02 S 

91 95 

0.5-1 HS 0.61 n 

TE 1.05 S 
0.5i HS 0.50 M 

TE 6.81 S 

92 96 



Ou5-| 

91 

0.5 

98 

2 d o - i 

HS 0.60 n 

TE 6.85 S 

0.5-1 

101 

HS 

TE 

0.50 M 

6.80 S 

0.5 

102 

HS 0.99 n 
TE 6.16 S 

0.5-1 

HS 0.60 n 

TE 6.14 S 

HS 0.10 n 
TE 6.14 S 

HS 0.60 n 

TE 6.69 S 

99 103 

l.Oi HS 0.66 n 
TE 6.15 S 

0.5-1 HS 0.11 n 

TE 6.66 S 

100 104 



loOn HS 0p93 n 

TE 6.66 S 

HS 0.16 n 

TE 6.55 S 

105 109 

2.0-1 HS 0.96 n 
TE 6.61 S 

0.5 HS 0.55 n 

TE 6.52 S 

106 110 

0.5i HS 0.61 n 
TE 6.56 S 

1.0-1 HS 0o69 n 

TE 6.50 S 

101 111 

0.5-1 HS 0.50 n 

TE 6.55 S 

l.Oi HS 0.92 M 

TE 6.41 S 

108 112 



0 = 5-1 HS 0.50 n 

TE G.45 S 

1.0-1 HS 0.82 n 

TE 6.35 S 

113 in 

l.On HS 0.19 n 

TE 6.39 S 

0.5-, HS 0.59 n 

TE 6.32 S 

114 118 

2.0 HS 0.90 M 

TE 6.38 S 

1.0-1 HS 0.65 n 

TE 6.31 S 

115 119 

1.0-1 HS 0.68 n 

TE 6.31 S 

0.5 HS 0.13 n 

TE 6.30 S 

116 120 



l = Oi HS 0.95 n 

TE 6.16 S 

l.On HS 0.61 n 

TE 6.04 S 

121 125 

2.0-1 HS 

TE 

0.98 M 

6.08 S 

0.5-1 HS 0 . 8 3 n 

TE 5.96 S 

122 126 

0.5 HS 0.63 n 

TE 6.01 S 

0.5 HS 0.52 M 

TE 5.95 S 

123 121 

1 = 0-1 HS 0.13 M 

TE 6.01 S 

0.5-1 HS 0.51 n 

TE 5.92 S 

124 128 



0a5-l HS 0.52 n 

TE 5.81 S 

0.5i 

129 133 

HS 0 .84 n 
TE 5.59 S 

l.Oi HS 0.81 n 

TE 5.80 S 

0.5i HS 0.64 n 
TE 5.58 S 

130 134 

Oo5i HS 0.50 n 

TE 5.13 S 

0.5-1 HS 0.65 n 

TE 5.58 S 

131 135 

0.5-1 HS 0.61 n 

TE 5.63 S 

1.0-1 HS 0.94 n 
TE 5.42 S 

132 138 



1qO-i HS 0.93 n 
TE 5.38 S 

0.5-1 

131 141 

HS 0.62 M 

TE 5.13 S 

0.5-1 HS 0 .94 n 

TE 5.35 S 

1.0-1 HS 0.83 n 
TE 4.91 S 

138 142 

l.Oi HS 0.81 n 

TE 5.25 S 

l.O-i HS 0.95 n 

TE 4.85 S 

139 143 

1.0-1 HS o . n n 

TE 5.19 S 

0.5-1 HS 0 . 8 3 n 

TE 4 . 8 2 S 

140 144 



0.5h 

145 

HS 0.53 n 

TE 4.19 S 

0.5-1 

149 

HS 0 . 8 3 n 

TE 4.59 S 

1.0-1 HS 0 . 8 5 n 

TE 4.69 S 

0p5I HS 0.18 n 

TE 4.58 S 

146 150 

0.5i HS 0.51 n 

TE 4.60 S 

0.5-1 

141 151 

HS 0.13 n 

TE 4.12 S 

0.5-1 HS 0.81 n 

TE 4.59 S 

0.5i HS 0.59 n 

TE 4.03 S 

148 152 



0 a 5n 

153 

0 = 5-1 

154 

SoOn 

155 

HS 0.11 n 
TE 4.03 S 

HS 0.94 n 

TE 3.12 S 

5.0-1 

151 

5.0-1 

158 

HS 1.30 n 

TE 12.68 S 

2.0-1 

159 

HS 1.34 n 

TE 10.68 S 

HS 1.44 n 

TE 9.68 S 

HS 1.01 n 

TE 9.43 S 

5.On HS 1.42 n 

TE 10.82 S 

5.0-1 HS 1.41 n 
TE 9.43 S 

156 160 



2.0 HS 1.20 n 

TE 9.36 S 

5.On HS 1.41 n 

TE 8.82 S 

161 165 

162 

2.0-1 

HS 1.21 n 

TE 9.31 S 
2.0 

HS 1.04 M 

TE 9.25 S 

166 

5o0i 

HS 1.16 n 

TE 8.16 S 

HS 1.41 n 

TE 8.66 S 

163 161 

5.0-1 HS 1.42 n 

TE 9.11 S 
2.0 HS 1.16 n 

TE 8.59 S 

164 168 



5.0i HS 1.29 M 

TE 8.54 S 

2.0 HS 1.06 n 

TE 8=45 S 

169 113 

2.On HS 1.36 n 

TE 8.48 S 

5.On HS 1.43 n 

TE 8.26 S 

n o 114 

2.0-1 HS 1=08 n 

TE 8.41 S 
2.0 HS 1.21 n 

TE 8.18 S 

n i 115 

5.0-1 HS 1.35 n 

TE 8.46 S 

5.On HS 1.33 n 

TE 8.18 S 

112 116 



2ii0-i 

111 

5oO-t 

118 

2.Ch 

HS 1=34 n 

TE 8.14 S 

2„0n 

HS 1=25 n 

TE 1.90 S 

181 

5.0-1 

182 

HS 1.21 M 

TE 1.84 S 

5.0 

J 

HS 1.41 n 

TE 1.13 S 

HS 1.48 M 

TE 1.69 S 

HS 1.46 n 

TE 1.51 S 

119 183 

2.0-1 HS 1.03 n 

TE 1.81 S 

2 = 0-, HS 1.02 n 

TE 1.56 S 

180 184 



5.0-1 

185 

HS 1.46 n 

TE 1.39 S 

5.On 

189 

HS 1.44 n 

TE 1.04 S 

5.0-1 HS 1 . 4 9 n 

TE 1.38 S 

1.0-1 HS 1.08 M 

TE 6.99 S 

186 190 

2 . O n HS 1.11 M 

TE 1.26 S 

2 . O n HS 1.18 M 

TE 6.95 S 

181 191 

loO-| HS 1.00 M 

TE 1.12 S 

5.0-1 HS 1.34 M 

TE 6.81 S 

188 192 



2uCh 

193 

HS 1.44 M 

TE 6.81 S 

2 = 0-1 

191 

HS 1.33 n 

TE 6=65 S 

2 = 0n HS 1=49 n 

TE 6=18 S 

1 = 0-1 HS 1=00 n 

TE 6=62 S 

194 198 

2.On HS 1=02 n 

TE 6.11 S 

2.On HS 1=21 M 

TE 6=59 S 

195 199 

2 = 0-1 HS 1=19 n 

TE 6.65 S 

1 = 0-1 HS 1=22 n 

TE 6=49 S 

196 200 



2.On 

201 

2d0-I 

202 

1o0-| 

HS 1.31 M 

TE 6.46 S 

I.Oi 

HS 1.12 n 

TE 6.41 S 

205 

2.0-1 

206 

HS 1.15 n 

TE 6.34 S 

2.0-1 

HS 1.04 M 

TE 6.12 S 

HS 1.39 n 

TE 6.11 S 

HS 1.20 n 

TE 6.06 S 

203 201 

1o0-| 1.20 n 

6.26 S 

I.Oi HS 1.10 n 

TE 6.05 S 

204 208 



2 = 0-1 

209 

2o0n 

210 

2 a On 

HS 
TE 

1.28 n 
6.05 S 

1.0-1 

213 

HS 1.35 n 

TE 5.91 S 

HS 1.06 n 

TE 5.81 S 

l.On 

214 

5.0-1 

HS 1.21 n 

TE 5.68 S 

HS 1.11 n 

TE 5.65 S 

HS 1.41 n 

TE 5.58 S 

211 215 

2.On HS 1.46 M 

TE 5.80 S 

5.0-1 HS 1.39 n 

TE 5.55 S 

212 216 



2.0-1 

211 

HS 1.31 n 
TE 5.48 S 

5.0-1 

221 

HS 1.46 n 
TE 5.29 S 

1.0-, HS 1.20 n 

TE 5.44 S 

1.0-, HS 1.10 n 
TE 5.09 S 

218 222 

2.On HS 1.29 n 

TE 5.31 S 

2.0-1 HS 1.32 n 

TE 5.01 S 

219 223 

1.0-1 HS 1.08 M 

TE 5.33 S 

5.0i HS 1.35 M 

TE 4.91 S 

220 224 



2.On HS 1.38 n 

TE 4.90 S 

2.0-1 HS 1.38 n 

TE 4.40 S 

225 229 

l.On HS 1.11 n 

TE 4.89 S 

1.0-, HS 1.10 n 
TE 4.22 S 

226 230 

2.0-1 HS 1.26 n 

TE 4.83 S 

10.On HS 1.93 n 

TE 12.46 S 

221 231 

0.5n HS 1.06 n 

TE 4.19 S 

10. 0-1 HS 1.13 n 

TE 12.01 S 

228 232 



lOcCh 

233 

HS lc99 n 

TE 11.43 S 

10. 0-1 

231 

HS 1.59 n 

TE 9.88 S 

10.(h 

234 

HS 1.16 n 

TE 10.84 S 

5.0-1 

238 

HS 1.81 n 

TE 9.26 S 

10.Oi HS 1.96 n 

TE 10.11 S 

5.0 HS 1.11 n 

TE 9.22 S 

235 239 

5 . On HS 1.13 n 

TE 10.31 S 

5.On HS 1.15 n 

TE 9.14 S 

236 240 



SuO-i 

241 

5oCh 

242 

SoO-i 

243 

HS 1.12 n 

TE 8.13 S 

5.0-1 

245 

HS 1.59 n 

TE 8.38 S 

5.On 

246 

HS lcl5 M 

TE 8.21 S 

5.0-1 

HS 1.60 n 

TE 8.26 S 

HS 1.98 n 

TE 8.25 S 

HS 1.51 n 

TE 8.06 S 

241 

10.On HS 1.91 n 

TE 8.21 S 

5.On HS 1.52 n 

TE 1.58 S 

244 248 



5.0 

249 

5oOn 

250 

HS 1.93 n 

TE 1.58 S 

5.0 

253 

HS 1.63 n 

TE 1.56 S 

5.0-1 

254 

5.On HS 1.93 n 

TE 1.49 S 

5.0 

HS 1.66 n 

TE 1.40 S 

HS 1.54 n 

TE 1.31 S 

HS 1.84 M 

TE 1.31 S 

251 255 

5.0i HS lo52 n 

TE 1.48 S 
2.0 HS 1.51 M 

TE 1.33 S 

252 256 



5 a On 

1 
251 

HS 'lal4 n 

TE 1,32 S 

10. 

261 

HS 1.94 M 

TE 1.25 S 

5.0-1 HS 1.96 M 

TE 1.30 S 

5.On HS 1.61 M 

TE 1.08 S 

258 262 

10.Ch HS 1.14 M 

TE 1.21 S 

5.0-1 HS 1.55 n 

TE 1.06 S 

259 263 

2.0 HS 1.91 n 

TE 1.25 S 

5.0-1 HS 1.11 n 

TE 1.01 S 

260 264 



5 a 0~1 

265 

HS 1.63 n 

TE 6.9-7 S 

2.0-1 HS -1.54 n 

TE 6.12 S 

269 

lOaOn 

266 

HS 1.82 n 
TE 6.91 S 

5 . 0~i HS 1.54 M 

TE 6.11 S 

210 

5 a 0-1 HS 1.18 n 

TE 6.91 S 

5. On HS 1.85 n 
TE 6.65 S 

261 211 

2.0-1 HS 1.58 n 

TE 6.90 S 

5.0-1 HS 1 . 8 9 n 

TE 6.64 S 

268 212 



5oCH 

213 

2o0~] 

214 

5 D 0-| 

HS 

TE 

1.92 n 

6.62 S 

5p0I 

HS 1.59 M 

TE 6.55 S 

HS 1.68 n 

TE 6.52 S 

211 

2.0-1 

218 

5.0 

HS 1.89 n 

TE 6.33 S 

HS 1.58 M 

TE 6.32 S 

HS 1.54 n 

TE 6.31 S 

215 219 

5.0 HS 1.14 n 

TE 6.36 S 

5 . On HS 1.83 M 

TE 6.30 S 

216 280 



10.Oi HS 1.93 n 
TE 6.30 S 

5 . On HS 1.11 n 

TE 5.93 S 

281 285 

5.On HS 1.98 n 

TE 6.10 S 

5.0-1 HS 1.61 n 

TE 5.92 S 

282 286 

5.0-1 

283 

HS 1.89 n 
TE 6.01 S 

10.0-1 

281 

HS 1.90 n 

TE 5.81 S 

10.On HS 1.18 n 
TE 5.95 S 

5 . On HS 1.50 n 

TE 5.86 S 

284 288 



5oOi 

289 

HS 1.99 M 

TE 5.86 S 

5.0-1 

293 

HS 1.82 n 

TE 5.81 S 

2.On HS 1.53 M 

TE 5.85 S 

5.On HS 1.18 M 

TE 5.98 S 

290 294 

5.0-1 HS 1.54 M 

TE 5.82 S 

5.0-1 HS 1.51 M 

TE 5.14 S 

291 295 

5.On HS 1.66 n 

TE 5.81 S 

5.0-1 HS 1.51 M 

TE 5.51 S 

292 296 



5.0-1 

291 

5.0-, 

298 

5oO-i 

J 

HS 1.14 n 

TE 5.49 S 

5oOn 

HS 1.61 n 

TE 5.41 S 

HS 1.59 n 

TE 5.35 S 

301 

5 a On 

302 

5.0-1 

HS 1.19 n 

TE 5.18 S 

HS 1.61 n 

TE 5.16 S 

HS 1.63 n 

TE 5.10 S 

298 303 

5.0-1 HS 1.88 M 

TE 5.33 S 

2 . On HS 1.55 n 

TE 5.00 S 

300 304 



lOoOi 

305 

10.0-1 

306 

10.On 

HS 2.25 n 

TE 10.58 S 

5.On 

HS 2.11 n 

TE 8.96 S 

10.0-1 

310 

HS 2.08 n 

TE 8.10 S 

5.0-1 

HS 2.10 n 

TE 8.55 S 

HS 2.31 n 

TE 8.43 S 

HS 2 . 0 3 n 

TE 8.31 S 

301 311 

10.0 HS 2.13 n 

TE 8.56 S 

5.0-1 HS 2.01 n 

TE 8.28 S 

308 312 



10.0-1 

313 

10.On 

314 

10.On 

315 

HS 2.18 n 
TE 8.26 S 

10.On 

311 

HS 2.16 n 

TE 8.11 S 

5.On 

318 

HS 2.11 n 

TE 1.91 S 

5.0-1 

HS 2.44 n 

TE 1.12 S 

HS 2.32 M 

TE lo52 S 

HS 2.30 n 

TE 1.50 S 

319 

10.0-1 HS ' 2.21 n 
TE 1.91 S 

5.On HS 2.01 n 

TE 1.39 S 

316 320 



5.On 

321 

5.On 

322 

lOoOn 

HS 2.40 M 

TE 1.31 S 

5.On 

325 

HS 2.22 n 

TE 1.36 S 

10.0-1 

326 

HS 2.23 n 

TE 1.33 S 
10.0 

HS 2.05 n 

TE 6.91 S 

HS 2.31 n 

TE 6.19 S 

HS 2.26 n 

TE 6.13 S 

323 321 

5 . Oi HS 2.13 n 

TE 1.32 S 

5.On HS 2.08 M 

TE 6.11 S 

324 328 



5o0-| 

329 

5 a 0~1 

330 

10 o 0-1 

HS 2.29 M 

TE 6.64 S 

5.0-1 

HS 2.18 n 

TE 6.55 S 

333 

10. 

334 

HS 2.41 n 

TE 6.46 S 

10.0-1 

HS 2.10 n 

TE 6.41 S 

HS 2.38 M 

TE 6.21 S 

HS 2.02 M 

TE 6.01 S 

331 335 

5.0-1 HS 2.23 M 

TE 6.43 S 

5.0-1 HS 2.05 n 

TE 5.96 S 

332 336 



lOoCh 

331 

20.Oi 

338 

20.0-1 

HS 2.31 n 

TE 5.96 S 

10.0-1 

HS 2.11 n 
TE 10.04 S 

341 

10.0-1 

342 

HS 2.11 M 

TE 9.81 S 
10.0 

1 

HS 2.55 n 

TE 9.43 S 

HS 2.51 n 

TE 8.60 S 

HS 2.60 n 

TE 8.59 S 

339 343 

20.0-1 HS 2.88 n 

TE 9.45 S 

10.0-1 HS 2.69 n 

TE 8.55 S 

340 344 



10. On 

345 

10 a O 

346 

lOoOn 

HS 2.18 M 

TE 8.50 S 
10.0 

349 

HS 2.50 M 

TE 8.49 S 
10.On 

350 

HS 2.19 n 

TE 8.43 S 

20.On 

HS 2.59 n 

TE 1.88 S 

HS 2.61 n 

TE 1.86 S 

HS 2.83 n 

TE 1.62 S 

341 351 

20 . On HS 2.96 n 

TE 8.21 S 

10.0-1 HS 2.52 n 

TE 1.31 S 

348 352 



-lOoO-i 

353 

20o0i 

354 

5d0-i 

HS 2.99 M 

TE 1.28 S 

lOaOl 

HS 2.99 n 

TE 1.25 S 

351 

10.0 

358 

HS 2.50 n 

TE 1.13 S 

lO.On 

HS 2.88 M 

TE 1.06 S 

HS 2=66 n 

TE 6o84 S 

HS 2.51 n 

TE 6.12 S 

355 359 

10.On HS 2.51 n 

TE 1.06 S 

20.0-1 HS 2.16 n 

TE 6.49 S 

356 360 



50 o 0-1 HS 3.34 n 

TE 12.00 S 

361 

20.0-1 

1 
365 

HS 3.35 M 

TE 9.33 S 

50.0-1 HS 3.49 M 

TE 11.02 S 

10.On HS 3.26 n 

TE 8.19 S 

362 366 

20 .0 HS 3.49 n 

TE 10.64 S 

10.0-1 

363 

HS 3.16 n 

TE 1.54 S 

361 

50.0-1 HS 3.11 n 

TE 9.44 S 

20. On HS 3.36 n 

TE 1.46 S 

364 368 



20o0i HS 3=32 n 

TE 1.33 S 

20.0| HS 3.82 n 

TE 11.49 S 

369 313 

20.On HS 3.46 n 

TE 1.16 S 

20o0n HS 3.65 n 

TE 10.00 S 

310 314 

20.On HS 3 . 0 9 n 

TE 6.60 S 

20.Oi HS 3.69 n 

TE 9.14 S 

311 315 

20.Oi HS 3.21 n 

TE 6.39 S 

20.0-1 HS 3.58 n 

TE 8.10 S 

312 316 



2 0 P 0 - I 

311 

HS 3.11 n 

TE 8.40 S 

20.0-1 

381 

HS 3.11 n 

TE 1.13 S 

20.On HS 3.51 M 

TE 8.33 S 

20.On 

318 382 

HS 3.16 n 

TE 1.49 S 

20.On HS 3.56 n 

TE 8.32 S 

20.On HS 3.55 n 

TE 1.16 S 

319 383 

50.On HS 3.10 M 

TE 1.90 S 

50.On HS 4.36 n 

TE 11.32 S 

380 384 



50.^ 

385 

20.(h 

386 

20.On 

381 

HS 4.29 n 

TE 9.46 S 

HS 4.01 M 

TE 9.04 S 

50.0-1 

389 

50.Oi 

390 

HS 4.11 n 

TE 9.02 S 

50.0-1 

HS 4.14 n 

TE 1.63 S 

HS 4.58 n 

TE 11.01 S 

HS 4.91 n 

TE 10.65 S 

391 

20.0-1 HS 4.06 M 

TE 1.96 S 

50.On HS 4.58 n 

TE 10.22 S 

388 392 



50»0i HS 4.51 M 

TE 9.99 S 

50.On HS 5.11 n 

TE 11.15 S 

393 391 

50.On HS 4.89 n 

TE 9.81 S 

50.0-1 HS 5.10 n 

TE 9.10 S 

394 398 

50o0n HS 4.69 n 

TE 9.24 S 

50.On HS 5.38 n 

TE 8.53 S 

395 399 

100.On HS 5.42 M 

TE 12.06 S 

50.On HS 5.08 n 

TE 8.36 S 

396 400 



IOODO-I HS 5o91 n 

TE loSGS 

401 




