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This memorandum also incorporates an analysis of Wind Speeds reported by the

same 0il Rigs during 1965-68.
This investigation was prompted by the discovery of an snomalous second peak in
the frequency of observations of wave heights in a previous analysis. The table
of 'Monthly and Annual Frequencies end Percentage Frequencies of Observations of
wave heights from 0il Rigs in the North Sea - Periocd 1965 - 1968' is included
(Table ¥ In this previous analysis, the wave heights are grouped as follows:=-
0-1 ft, 2-3, 4-5, 6-7, 8-10, 11-13, W-16, 17-19 £t ete.
as can be seen. Using these ranges, o double peek appears in the frequency
distributions of some of the months, i.e. the fregquency of obsexrvations in the
8-10 ft range often excecis the frequency of observations in the 6-7 ft range, the
first and larger peck in the distribution occurring in either the
1-5 £t range (winter months) or the
» 2-3 £t range (summer monfhs)
The double peak is not evident in the figures for the sumnmer months (MAY-AUGUST).
Since the mean wave height varied from about 3 £t to 6 ft over the year the second
peak, in the 8-10 ft range, seemed anomalous, end its origin was investigated.
Details of the Analysis
1)  All the observations were rc-analysed, cnd regrouped in individual single-value
ranges i.e. in ranges O, 1, 2, 3, sessssec0 4O £t (Where possible this was done
by going back to some original working papers, which were compiled during the

previous analysis).
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This was done for each month of each yeor in the period 1965 - 1968, and
totalled for the whole period. These results, showing the frequency distribution
using the single valuc renges, have been tabulated and are available, but axre not
included in this memo. (The table for the whole period 1965 - 1968 is included -
table 2). A histogranm (2) is shown for these reults.
The first peaks occur at 2 value of 4 £t (13.5%)
the frequency decreases at 5 £t (11.5%)
and 6 £t (9.7%); at 7 £t (4.8%) the frequency is anomalously low, eand at 8 ft (6.9%)
it rises again, falling at 9 £t (2.4%), rising again at 10 £t (4.8%)
falling at 11 £t(0.8%), rising again at 12 ft (3.2%)
The reason for these irregularities is obviously that the observers on the oil rigs
are tending, naturally, to throw the wave height values to the even numbers of feet
(this is particularly evident from 6 ft‘to 1 ft). For cxample, if the actual wave
height is 7 ft, the observer will, on most occasions, report 6 or 8 ft, or if it is
9 ft, he will report 8 or 10 ft more often than he will report 9 ft, although a
common observation is "8 - 10 ft". ~ In the analysis, this 8 - 10 ft report was
taken as a 9 ft rcport; whenever a range of wave height was given, the average was
takeny if the average was not a whole number of feet, thc nearest whole number of
feet above the average wos taken.
€e8e 15 - 20 ft taken as 18 ft.
4L - 5 ft taken as 5 ft. -
The values of wove height which werce comparatively infrequently reported were
TSN 9, 15135 17,519,215 23, 27 Lh ete,

From the histogram (2) it can bc estimated that.-

(i) on about 25% of occasions when actusl wave ht is 7 ft, it is reported as 6 or 8 ft

(ii) on about 50% of occasions when actual wave ht is 9 ft, it is reportedas 8or 10 ft.

(iii) on about 75 of occasions when actual wave ht is 11 ft, it is reportedas 10 or 12 #t
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The reason for the double peak found in the original analysis (table 1) now
becomes clear. In that analysis, as already described, the ranges taken are

O =-11ft, 2 -3,4-5,6-17,8=10, 11 = 13 £t etce In the range 6 - 7 £t only

one of the two nossible values, 6 ft or 7 ft, is commonly reported, i.e. 6 ft,
whereas in the 8 - 10 ft range there are two values which are commonly reported,
i.e. 8 ft and 10 ft, so that the frequency of observations in the 8 - 10 ft range
may well exceed that in the € - 7 ft range, provided that there are sufficient
observations above 6 ft or so. (Over the summer months, only 12.5% of the
cbservations exceed 6 ft, and this number of observations is insufficient to produce
a marked double peak).
2) It was decided to regroup the wave heights as follows:-
Q= 8, 2 » 30 = 5,60 7, 8=9: 10«91, 12 « 4340 = 45 © (53] o §F
ranges) 16 - 18 ft (3 ft renge), 19 - 22, 23 - 26 £t (4 £t ranges) 27 - 31,
32 - 36, 37 - 41 £t (5 £t ranges).
By ueing these ranges, it was possible to smooth out most of the anomalies caused bv
the subjective reporting of wave heights. (In almost all coses the observations
were made by the observer looking at the wave height against a "leg" of the oil rig
which is graduated in feet.)
The results are prescnted in a tabulated form
(i) Monthly and Annuel frequencies and Percentage frequencies of observations
of wave height from oil rigs in the North Sea 1965-68 (also mean monthly
and annual wave hcights). ° Table 3/
(ii) Seasonal'Frequencies (and percentage frequencies) of Wave height
observations 1965-68 i Tablel{?
(Year divided into two main seasons
a) JANUARY to APRIL and SEPTEMBER to DECEMBER G
b) MAY to AUGUST )

Table ) includes mean seasonal wave hcights.
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Also available, but not included in this memo are:-

(iii). Table of monthly and amnual cumulative percentage frequencies of wave heights
1965-68. (Ranges 0 - 1, 2 = 3, 4 - 5 £t etc.)
(iv) Table of monthly and annual reverse cumulative percentage frequencies 1965-68

(Batiges Oy 35 0, 3 siviiavie B0 £E):

(This simply gives the percentage of wave height observations which are equal 1
to or exceed any particular value of wave height). ‘
The results from this table are summarised in Table 5. This gives the percentage ‘
of observations equal to or greater than 5, 10, 15, 20, 25, 30, 35, 4O ft. (for easy ‘
reference) (a) for each month, (b) for the two seasons, and (c) for the year (period
1965-68).
(v) Monthly aend Annual percentage frequencies of observations of wave heightsin the
North Sea 1965-68. . (Using single value ranges O, 1, 2, 3 sezseses 4O £t).
(vi) Monthly frequencies of wave height observations for 1965.
(vii) Monthly frequencies of wave height observations for 1966. w
(viii) Monthly frequencies of wave height observations for 1967.
(ix) Mon*hly frequencies of wave height observations for 1968. :\
(x) Table of seasonal frecuencies and percentage frequencies of wave height
- observation in the Norfh Sea 1965-68. (also reverse cumulative percentage
frequencies) (Using single value ringes O, 1, 2, 3 eevsees 4O £t).
A table showing the percentage frequencies of wave height observations greater
than or equal to 10, 15, 20, 25 ft in the roughest and mildest months (for any one
month)., (Table 6) e.g. In the roughest January of the four Januaries, Jan '65,
Jah '66, Jan '67 and Jan '68, 9% of the observations of wave height were equal to or
greater than 15 ft, whereas in the mildest January of the four, only 0,7% of the
observations were greater than or equal to 15 ft.
Summary of Histograms included

(1) Wave height frequencies 1965-68
(single value catogories 0, 1, 2, issasss 4O £t) e ve s s sk ik )

(ii) Wave height frequencies 1965-68 .
(categories 0-1’ 2"3, )+"5, 6-7, 8"9 oa--ooo37")+1 ft) oooc-cocoooooooc(3)
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(iii) Wave height frequencies 1965-68
Season JAN - APRIL and SEPT - DEC .....

(iv) Wave height frequencies 1965-68

Season MAY - AUGUST W PR RSN s
(v) Wave height frequencies 1965 58
Each Month JAN -~ DEC
The mean monthly and annual wave heights (also shown in Table 3) are: (all values
in feet).
JAN FEB MAR APR MAY JUN UL AUG SEPT OCT NOV DEC YEAR
B850 66 Syt lng: 33 Boodiet s a6 540 652 Bk 5:5 1t
showing January, March and December +p be the roushest monchs and June and July to be
the mildest. Tris is also iljustyated in table 5, whi h chows, for example, tne
percentage frequency of wave heights greater than or equal to 10 ft to be (for each
nont. over 41965-68 veriod).
JAN FFB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC YEAR
21.9% 170 2159 133 W) 3.0 2.4p 3.5 122 1T 1LY 29 e 7%
Dividing the year into the two season , the mean seasonal wave heights are:-
JAN -~ APRIL and SEPT - JEC MAY - AUG
6.2 £t. 3.9 ft.

and the percentage frequency of wave heights greater than or equal to 10 ft -

JAN - APRIL and SEPT - DEC MAY - AUG
19.5% 34

It should be pointed out that the observations of wave heights (9,157 in all) are
taken from all the oil rigs which were rcporting wave heights during the period 19£5-69
The rigs, im that period, were in positions in blocks 21, 42, 43, 44, 47, 48, L9 ~nd
53.  The observations for block 21 were net separately enalysed for the 4 years,
except for 71368, for purpose of comparison with observations for the same year .a

block 49 (49-26).
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3) Wave Height Comparison 68) between Blocks 21 and
The positions chosen to represent the extremes in mean annual wave height were
49.26 (within 30 miles of coast to the SW) and 21.11/21.26 (nearest coastline is
80 miles to the West).
Both these positions yield a suffici ntly large number of observations (about
1000 for each) fer *hc yemr 1968
Table of mean wave heights at 21.11/41.26 and 49.26 in 1968 (all values in feet)
positior. JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC YEAR
215 11/29:26° 8.8 6,2 8,0 Bk 5.9 3.2 1,5 Kat 5.5 - G0 Ba gt
49.26 526 - Ja8 5.2 3y 3.6 2;9 “3.8 4.5 6uli 5,20 8.5 By £,
Mean wave height for all
positions in 1968 5.8 €,
The generally higher mean wave heights at Block 21 are almost certainly due on]y
to the greaser fetch of wind over tiie sea for almost all directions of the wind.
As will be shown later, the mesjy wind speeds at Block 21 over the period 1965-68 are
in fact lowexr than those at Blocks L42-4h/LT-49.
Tt may well be worth doinrs the +2alyses of wave heights separately for block 21
and block 42-4)/L7-49, on the basis cf the above figures. However it was thougkk. |
that over the whele area of blocks 42 B4 /LT7-L49 the mean conditions do not differ |

significantly enough from those at btlezk 21, and that the analysis of all

conditions existing in blocks 21, 42-l'y, 47-49 (and 53).
It is estimated that the percentewe of observations, for the period 1965-68,

|
observations from all positions would be sufficiently representative of general
from Block 21 is 20%,and from Bl-cke W2-4L/L7-49, 53 is 80% (less than 1% of

observotions from Block 53).
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4) Analysis of Wind Speed Observations

The observations of wind speed (no account taken of direction) were analysed
for the period 1966-68. There were a total of 9998 observations for these 3 years,
and since there were only about 400 observations for 1965, the 1966-68 analysis can
be taken as being satisfactorily representative of the years 1965-68. (the period
over which the wave heights were analysed).

The wind speeds have been analysed separately for block 21 and blocks y2-hi/
4L7-49, and tables compiled for:-

(i) Monthly and Annual frequencies of observations of Wind Speed from oil

rigs - Block 21. (also mean monthly and annuasl wind speeds) 1966-68
(Table 7)
(ii) Monthly and Amnuel frequencies of observations of Wind Speed from oil
rigs - Blocks 42-44/L7-49. (2lso mean monthly and amnual wind speeds)
1966-68. (Table 8)
(iii) Monthly and Annual frequencies and percentage frequencies of
observations of Wind Speed from oil rigs in the North Sea - Blocks 21,
4=l /L7-49, 53. (also mean monthly and nnual wind speeds) 1966-68.
(Table 9)
Table 9 is a combination of Tables 7 and 8 and a few hundred observations from
block 53. (2 seporate table of the wind speed analysis for block 53 is available
but is not included in this me0).
(iv) Seasonal frequencies and percentage frequencies of observations of wind
speed from o0il rigs - Blocks 21, 42-44/47-49, 53. (also mean seasonal
wind speeds) 1966-58. (Table 10)
This table includes comulative rercentage frequencies.
(v) Percenvages of wind speed observations greater than or equel to

20, 30, 40, 50, 60 knots. (Table 11)




Also aveilable but not included in this memo:-
(1) Monthly frequencies of wind speed observation for 1966

(ii) Monthly frequencies of wind speed observation for 1967

(iii) Monthly frequencies of wind speed observation for 1968
(The mean wind speed for each ycar was evaluated and the results included in these

tables) They are:-

Mean wind speed 1966 18.9 kt Mean wind speeds for
Mean wind speed 1967 19.3 kt all positions in
Mean wind speed 1968 19.6 kt blocks 21, 42-4h/LT7-49, 53

The following table is & summary of mean monthly and annual winds at
a) Blocks 42-kl/iT-49
b) Block 21
8 Ay positions
over the period 1966-68 for purposes of comparison. The mean monthly and annual

wave heights over the period 1965-66 are also shown.

g;zz d‘"ﬁd JAN FEB AR -APR MAY "JUN  JUL ...UG SEP OCT ©NOV DEC YEAR
a) 4?{:3;/‘ 2168 20,6 23,7 18.2 16.8 15,3 15:6 17.4 18.3 20.9 20.6 2k . 9158

knots) :
b) 21 21435 2045 20,8 46,7 1606 thet HED . 5 18:9 - = 25176
¢) =all

positions 21,2 20.5 23.5 17.9 16.8 14.9 14.8 16,3 17.3 21.3 20.6 244193
Mean wave
height, OVl 2=5a0t . B0 B D U330 36 Shat b 850 6.2 6.6 R
all wsitions '

é?eet)

The mean annual wind speed at Block 21 (17.6 kt) is in fact the mean wind over
the months JAN-SEPT, and DEC since no observations for OCT and NOV from Block 21 are
available,

The mean wind at blocks L42-4l/LT7-49 over the months JAN-SEPT, and DEC is 19.3 kt,
which is significantly greater than the mean wind over the same months at block 21.
Part of the difference might be explained by the fact that the observations at block 21
are weighted towards the summer months (MAY-AUG) whereas those at blocks 42-hl, L7-49

are weighted towards the winter months, but looking at the monthly means, these are
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consistently higher at blocks L2-44/LT7-49 except for the month of December.

&nother point to bear in mind is that the analysis of wind speeds at Blocks 42-L4)/
L7-49 includes observetions covering all 3 years 1966-68, whereas that at Block 21
includes observations from only 1967 and 1968 (no observations available for 1966);
so thet if 1966 had in general been significantly more windy than 1967-68, this
would give a mean wind speed over 1966-68 greater than a mean wind speed over
1967-68. But this was not the case; as already stated the mean wind speed (for
2ll positions) for a) 1966 is 18.9 kt

b) 1967 is 19.3 kt

c) 1968 is 19.6 kt
so that 1966 was in fact generally less windy then both 1967 and 1968, So it seems
that the lower mean values of wind speed at block 21 are quite genuine, which is a
little surprising, considering that block 21 is some 200 miles to the North of
blocks 42-l4)/)7-49 and would be nearer to the tracks of depressions in a majority of
cases.

As alrcady pointed out, althovg: the mean wind speed at block 21 is lower.
the mean wave heights there are higlcr than at blocks 42-4)/L7-49 due to the effect
of greater fetch of wind over the s.a for most direcctions of the wind, particularly
for wind directions in the SW quad:nt.

In this winéd speed analysi=, no account has been taken of the direction of the
wind. In a previous analysis of the wind observations from North Sea cil rigs for
1966-67, both the wind speed and direction have been snalysed. A brief attemp: wes
made, during this analysis, to correlate wind speed and wave height for varying
fetches, but the scatter of points in this correlation was excessive. By taking
account of the duration of the wind, (this can be done Lty taking the mean wind speed
over the previous 24 hours in cases where the rigs are reporting 4 times daily, hut
a change of wind direction over the previcus 24 hours by more then L5 degrees, ox
2 points on the 16 point-compass, complicates matters) the scatter of points can be

reduced, and an analysis on these lines, given the time, is recommended.
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D. G. Hunter, in August 1967, made an analysis of the data aveilable from the
0il rig 'Transocean Two' for the period Jenuary to July 1967, during which time the
rig was positioned at 49.26 (53°05'N, 02°06'E). A comparison was made between the
observed values and the forecast values of wind speed and direction, and wave height.
One of the interesting focts to emerge from this comparison was that there was a
tendency for the forccast wave heights to exceed the obgerved wave heights. (In 51%
of cases the forecast value exceeded the observed value by at least one foot, and in
28% of cases the observed valuc excceded the forecast value by at least one foot).
The forecast wind speeds, however, were nov biased in this way to such a marked
degree, although it is perhaps infqrésting te note that the forecast wind speed
exceeded the observed value by 2 cr more forces (oh the Beaufort Scale) on 17.8% of
occasions whercas it was 2 or mor forces less than the observed value on only 5f7gK
of occasions. (The forecast val ‘e is within one force of the observed value on
76.5% of occasions).

The tendency to overestimate wave height in the forecast may well be completely
attributable to the tendency to overestimate (to o fuch lesser degree) the forccast
wind speed, since the forecast maximum wave height, Hy is given by

Hy, - =.AW .
vhere W is the forecast wind speed, and A is a constent dependent on fetch and
duration of thewind; obviously any error in W will be exaggerated in Hy. The
forecast significant wave height, Hy, defined as the mean height of the highest one
third of waves, ié then given by

S T
a theoretical relationship, which has been found is aprroximately true in practice.
Of course, the forecaster also makes use.of the latest available wave height reports
when preparing his forecast, and does not aave to rcly completely on the forecast
winds.,

It should also be stated that any comparison between forecast and observed wave
heights is further complicated by the f .ct that it is not really known exactly what
the reported wave height is, in relati'n to the "mean height of the highest one thind

of waves" Hg., If the observer vecord~ a wavc heigl® +hick is the height of the
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largest wave he sees over a period of about one minute, then the wave height that he
reports may well be greater than "the mean height of the highest one third of waves".
If he gives a range of wave height, e.g. 8 - 10 ft as an observation, then by taking
the mean, 9 ft in this case, we may have a value which is near to "the mesn heicht
of the highest cne third of waves". It is thought that the error involved in any
single observation generally exceecds eny difference between the reported wave
height and "the mean height of the highest one third of waves", but when a large
number of cbservations is analysed, the mean of all the reported wave heights will
elmost certainly differ from the (theoretical) mean of all the "mean heights of the
highest one third of waves'.

In conclusion it should be stressed tha the enclysis of weve heights comprises
only L years' data, and that of wind speed, ouly 3 years' data, so that the
statistics are very much those of o semple ta her than a population, and should be

treated as such, particularly in the cose of thie monthly figures.

Error

Two wave neight observations of 27 feet (for October 1967) were omitted in

error from the analysis of wave heights. The two observations have, however, beew

included in the histogram for CCTOBER.

Other histograms included are:
(i) Frequency of wind speed observations 1965-68 PR e e S e e (5)
(ii) Frequency of wind speed observations
" ason JAN-APR and SEP-DEC, 1965-68 P SRR RN e Y,

(iii) Frequency of wind speed nheervations

Season MAY"‘AUG 1965"‘68 ® %0000 COUPOOOSOODEOOOS (6b}




