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GANDSFJORDEN. EXTREME WIND AND WAVE CONDITIONS

INTRODUCTION

The first evaluations of extreme winds in Gandsf jorden were
given in a letter to Norwegian Contractors dated 4 October 1977.
Those evaluations were based upon extreme analysis of a 21

years record of monthly extremes of short periodic wind gusts

(3-5s) from Stavanger airport, Sola.

Recently, an analysis of 26 years of annual extremes of 10
minutes mean wind recorded at Sola is performed. This is the main

reason for reconsidering the wind values given for Gandsfjorden.

A map of the area is shown in figure 1. The three sites that will

be evaluated are marked on the map.

WIND EXTREMES AT SOLA AIRPORT

Wind gusts (vg) with return period 100 years for Sola based on

a 21 years record are earlier calculated to 46 m/s. Additionally,
7/ years of annual maxima are now available giving only minor
changes in the calculated 100 years value (47.m/s), see table 1.

A record of 26 annual extremes (1959-84) of the 10 min. mean

wind (910) is analysed by the Gumbel type 1 method [1]. The

results for various return periods are given in table 1.

In order to obtain as good independency as possible in the data,
the "year" is defined from July to June. Thus, the autumn and

the following winter belong to the same "year".

It is seen from table 1 that the ratio vg/V10 is about 1.53-1.54.
This is somewhat higher than expected for extremes in this area.
This means that the 1 and 10 minutes averages stipulated earlier
from gusts are higher than the present calculation ines reason
for. With the roughness indicated by these values, the 1 min.
wind speed should be near 25% higher than the 10 min. means

according to [2]. The resulting 1 min. means are also given in




table 1.

The directional distribution of gusts shows that two sectors of
90° sentered towards SE and NW have equal probability of
extremes (37-38% of the total for each sector). However, looking
at table 2 it is seen that forces 9 and 10 have occured only

~in the sector W-N during the years 1957-84. The high frequency
of extreme gusts from SE is due to high gustiness, or turbulence,

in this sector.

It is also seen in table 2 that 10 min. winds from SE do not

exceed 20 m/s at Sola.

A complete analysis of extremes from different directions is
not performed since this would presuppose a manual reading of

the anemograms.

Table 1. Calculated extremes ofvdifferent wind speeds at
Stavanger Airport, Sola.

Return period (years) 2 10 50 100
3-5 s wind gust (m/s) 32 39 45 47
- 10 min. mean speed (m/s) 21 25 29 31
.1 min. mean speed (m/s) 26 32 36 38
GANDSF JORDEN

In general; the wind conditions in Gandsfjorden are very well
represented by Sola. However, east of the fjord the terrain
rises up to above 200 m. These heights will cause some local
effects, up to about 1 km from the eastern shore line. The
main effects will be increased turbulence in SE-winds and a

damping (reduction) of westerly and easterly winds near Lifjell

and Flatafjell.




Based upon the arguments given above the estimated wind speeds
with return periods of 10 and 100 years from all diections are

given below for the three positions in question (see fig. 1).

From table 1 the ratio between the 100 and 10 years value can
be found to 1.21. -
1 min. means 10 min. means
Return period (year) 10 100 10 100
Direction‘

Pos. 1 170°-250° 29 35 23 28
250°-020° | 31 38 25 30
020°-090° | 21 25 17 20
090°-170° ' 26 31 20 25

Pos. 2 150°-240° 29 35 23 28
240°%-310° 26 31 20 25
310°-020° 39 38 25 30
020°-150° 21 25 17 20

Pos. 3 140%-250° 29 35 23 28
250°-020° 31 38 25 30
020°-110° 21 25 17 20

- 110°-140° 26 31 20 . 25




WAVES

The 10 min. mean wind speeds with return period 100 years are
estimated to 28 and 30 m/s for the southern and west to north
sectors respectively, In the extreme wave situation it is assumed
that the wind must be relatively steady for at least 6 hours. The
average for such a long period is estimated for both of these
sectors to maximum 25 m/s for the 100 year return period and

20 m/s for the 10 year return period.

DNMIs "FJORD-SEA" wave model [3] is applied with the two wind
speeds above from the directions south and northwest. The grid
used in the model is shown in figUre 1. The grid length is

500 m. Computer outprints after 6 and 9 hours duration of the
wind are shown in fiqgures 2-9. The maximum significant wave

heights (H1/3) calculated for Gandsfjorden for these 8 cases

are:
Direction South Northwest
Return period (years) 10 100 10 100
Wave heights (m) after:

6 hours 0.9 1.4 0.9 1.3
9 hours 1.0 1.5 0.9 1.4

It should be noted that the FJORD-SEA model is not valid for
shallow waters and inlets like the dack area (position 3).
REFERENCES:

[1] Gumbel, E.J.: Statistics of Extremes.
Columbia University Press.

[2] Ghiocel, D. and D. Lungu: Wind, Snow and Temperature

Effects on Structures Based on Probability,
Abacus Press 1975

[3] Berresen, J.A. and K. Johansen: Computed and Measured
Wind Waves for Statpipe Shore Approach.
XX Congress of the Inst. Ass. for
Hydraulic Res., Moscow 1983.




Table 2. Wind frequency distribution for Sola.

1957 1984
+ 0L YEAFR -
AR3. 02,0¢,12,18 GN7 N40R%0B  C= B.91 UM 4.am/5 FPMe2.p B
10 T A Y b 7 B9 10 11 12 Np DM
SN L322 5 L9 0 01 0.6 g 0.0 8.7 2.9
03 L2 L1 05 02 6.6 0.0 0.0 Lo 1.5
0b LI 0.9 0.4 0.1 0.9 2.5 1.9
09t L2 L0 0.8 6.8 0.2 0.1 0.5 0.0 5.0 2.5
12 26 2.5 2.3 2.0 0.9 0.5 0.1 0.0 10.9 2.8
5 22 25 28 L3 L7 0.7 0.2 0.0 LI L2
188 LT 2.1 30 3.8 1.6 0.3 0.1 0.0 1.8 1.3
2 0.6 L0 L6 L9 0.6 0.1 0.0 0.0 89 L3
24 O3 08 LI 14 0.4 0.2 0.0 0.0 47 32
27 06 1.1 L5 1,3 0.5 0.3 0.1 8.0 o.¢ 3.4 3.2
30 LO LS 2.6 2.0 0.6 0.3 0.1 0.0 6.0 8.7 .1
BO08 LT 29 35 L3 05 g4 6.0 0.0 10.9 3.4
NF 14.8 18,8 22,5 22,3 B.5 2.4 ¢.7 0.1 £.00.0
FREGUENCY 0F NaY WIND FORCE BETWEEN THE HGURS OF DBSERVATION
- L
19-01 4.1 17.2 242 28.2 14,8 8.2 2.4 4.4 0.1 0.0 0.1
01-07 9.5 19.7 22.8 239 3.1 7.4 2.2 0.7 010,609 0.5
07-13 2.9 10.8 23.8 3.1 17.8 9.4 1.0 0.8 6.1 6.0 0.1
B-19 16 8.0 20,4 300 19,5 1.3 2.0 0.7 0.1 0.0 0.1
Explanation to table
HRS hours of ohservation in GMT
N total number of ohservations
C frecuency of calm
VM mean wind velocity in m/scc
FM mean wind force in Beaufort
DD wind direction in dekudegrees, rounded off to the
nearest of 12 main directions: 35-01, 02-24 ete,
F wind furce in Beaufort
ND - frequency of each wind direction DD
FDM mean wind force in Beuufort for each wind direction DD -

NF frequency of each wind force F




HEamy Ly

STAVANGER l ' mosThe e L;
15 .16 ‘ 77 1850 ses040-

rv.'[iy‘ o b " fa { J
* Ronrhiln _.-' |
e N 3
Mittbt o
. RY] <
B LT TR (ST
@
AVANGER
7S N i utand
NS PELL TLLLAL booluiutd - 4]
'v.m‘.;y ) :
G N
a 3 ~
i R iy 1|
H ‘1“4‘-«-:",'- i‘."\“, v 6540
o} 0 g hvreanfine 49740, /
,g:"\r;“ G PR H
e
. 4 39
{levily l,"
”\... /. '
/,‘/
. 3
AT e
')x Y PY 4 ¥
- B 4 N
i f : ®
o it ® |
= 0
emrpy Ko ~i| 5%
il =
e o v @
"CHisgyuebod b
2R c{
&) .
- . canarh] u
N . Y f3 A ¥
. '°~'/'ul~u.\'){~ a3 : "'\"f""dl I P !
2PN BYNE WS 3l k\i\ :
4L D) H
L- ;2 & . (L( D‘/d a - = v T
5nu)ru¢'\_, RYAN ":f B 33. z
! I 1) H
La Ny : :
d Y 4 3
) '\"_s } Py H
<[ 4 - 2
AN i - - = -
s\\v' = 2
e -, H:‘> ’--- el 5
Y M A B n ellhfi 4 N
".;“.-; " Shudiwry R "r i i s oAw ""»39"? ‘_’—. ?
&;,' J ol 4 ] ] X B " 3y 1 " T
torae ! ' Stedudn Y oike i ﬂ" Ao %)
¥y Arandmared | 147 ,-,4/1‘31g
: LR 3
AP — o W
a=-a{i . ! 1%
1 L/
'
; 130 3
H fa
+ = ! o
uhindi” {0 - 9
I L :
b tusiott e 29 §
g
?V S
. A i BV
K ‘@ pax, ¥ VE ,_T - /‘ e '-’\qc .',lm ¥
- . A’(:mv"ul.‘unlr " - ; y T
TS P Mpbhabid - r— T
s bt Shan it v Fo % . [ ‘g gl BN
- AREININ. 52 s AP I

Figure 1. Map of Gandsfjorden with grid for
the wave model. Grid width: 500 m
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Figure 4. Calculated sign%ficant wave heights.
Direction: 180
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Calculated significant wave heights.
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Calculated significant wave heights.
Direction: 3159

Wind speed: 25 m/s

Duration: 9 hours
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