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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rights
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information

committee responsible for this document is ISO/TC 67, Materials, equipment and offshord
betroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structur

5 second edition cancels and replaceS) the first edition (ISO 19901-1:2005), which

19901 consists of the following parts, under the general title Petroleum and natural gas in
Cific requirements for offshorestructures:

Part 1: Metocean design-and operating considerations
Part 2: Seismic desigh.procedures and criteria

Part 3: Topsides.structure

Part 4: Geatéchnical and foundation design considerations

Part 5z Weight control during engineering and construction

enance are

ded for the
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 subject of
Details of
ion and/or

d does not

Conformity
Technical

structures
S

1)

has been

dustries —

Rart7: Stationkeeping systems for floating offshore structures and mobile offshore units

Part 8: Marine soil investigations

The following parts are under preparation:

Part 6: Marine operations

Part 9: Structural integrity management

ISO 19901 is one of a series of standards for offshore structures. The full series consists of the following
International Standards:

[SO 19900, Petroleum and natural gas industries — General requirements for offshore stru
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— ISO 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore

structures
— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures

— IS0 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

— 1S0 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,

semi-submersibles and spars

— IS0 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units

— Parl—l. _],Ml/f’\ MIJQ

— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile~offs
units & Part 2: Jack-ups commentary

— IS0 19905-3Y, Petroleum and natural gas industries — Site-specific assessment of. mobile offs
units + Part 3: Floating unit

— IS0 19P06, Petroleum and natural gas industries — Arctic offshore structures

1) In preparation.
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Introduction

The series of International Standards applicable to types of offshore structure, ISO 19900 to ISO 19906,
constitutes a common basis covering those aspects that address design requirements and assessments
of all offshore structures used by the petroleum and natural gas industries worldwide. Through their
application the intention is to achieve reliability levels appropriate for manned and unmanned offshore
structures, whatever the type of structure and the nature or combination of the materials used.

It is important to recognize that structural integrity is an overall concept comprising models for
describing actions, structural analyses, design rules, safety elements, workmanship, quality control
profedures and national requirements, all of which are mutually dependent. The modificaftion of one
aspect of design in isolation can disturb the balance of reliability inherent in the ovetrall|concept or
struyctural system. The implications involved in modifications, therefore, need tocbe’conjsidered in

vide awide
nnovation.
S.

ions apply
logical and
ronmental
design and
ucture as a

overall concept of structural integrity is described above. Some_-additional considera
etocean design and operating conditions. The term “metocean” is short for “meteoro

restilt of winds, waves and currents.

Enylironmental conditions vary widely around thesworld. For the majority of offshore locafions there
are|little numerical data from historic conditions;\comprehensive data often only start being collected
whén there is a specific need, for example, when exploration for hydrocarbons is being ¢onsidered.
Desppite the usually short duration for which data are available, designers of offshore strudtures need
estimates of extreme and abnormal environmental conditions (with an individual or joint prpbability of
theforder of 1 x 10-2/year and 1 x 10-3¢¢"1 x 10-4/year, respectively).

Even for areas like the Gulf of Mexico, offshore Indonesia and the North Sea, where there are up
of fairly reliable measurements.available, the data are insufficient for rigorous statistical det

to 30 years
ermination
rant design
ether with

e creation
cations. In
mited data
nunities in
ppropriate

4. It is hencelimportant to employ experts from both the metocean and structural com
determination of design parameters for offshore structures, particularly since setting of g

ronmental
] ns on, and
the behav1our of, a structure in these env1r0nmental conditions are given in ISO 19901- 3 [SO 19901-6,
ISO 19901-7, ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1 and ISO 19906.

Some background to, and guidance on, the use of this part of ISO 19901 is provided in informative
Annex A. The clause numbering in Annex A is the same as in the main text to facilitate cross-referencing.

Regional information, where available, is provided in the Regional Annexes B to G. This information has
been developed by experts from the region or country concerned to supplement the guidance provided
in this part of ISO 19901. Each Regional Annex provides regional or national data on environmental
conditions for the area concerned.
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Petroleum and natural gas industries — Specific
requirements for offshore structures —

Part 1:
Metocean design and operating considerations

1

Thi
oce

Scope

5 part of ISO 19901 gives general requirements for the determination and use,of meteoro
hnographic (metocean) conditions for the design, construction and operationyof offshore

of a]l types used in the petroleum and natural gas industries.

Thd requirements are divided into two broad types:

those that relate to the determination of environmental conditions in general, togethe
metocean parameters that are required to adequately describe-them;

those that relate to the characterization and use of amétocean parameters for the
construction activities or the operation of offshore structures.

Thd environmental conditions and metocean parameteys discussed are:

extreme and abnormal values of metocean parameters that recur with given return perid
considerably longer than the design servicédife of the structure,

long-term distributions of metocean pardmeters, in the form of cumulative, conditional, 1
joint statistics of metocean parameters, and

normal environmental conditions that are expected to occur frequently during the des
life of the structure.

Metfocean parameters are applicable to:

the determinationof-actions for the design of new structures,
the determination of actions for the assessment of existing structures,
the site-specific assessment of mobile offshore units,

the détermination of limiting environmental conditions, weather windows, actions

logical and
structures

br with the

lesign, the

ds thatare

harginal or

ign service

and action

or’decommissioning and removal of a structure), and

effects for pre-service and post-service situations (i.e. fabrication, transportation and ilnstallation

the operation of the platform, where appropriate.

NOTE Specific metocean requirements for site-specific assessment of jack-ups are contained in I
for arctic offshore structures in ISO 19906 and for topside structures in ISO 19901-3.

2

Normative references

S0 19905-1,

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures
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IS0 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore structures
[SO 19902, Petroleum and natural gas industries — Fixed steel offshore structures
ISO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

ISO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,
semi-submersibles and spars

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units —
Part 1: Jack-ups

[SO 19906/ Petroleum and natural gas industries — Arctic offshore structures

WMO-No. 306, Manual on Codes

3 Terms and definitions

For the puipose of this document, the terms and definitions given in ISO 19900 and‘the following afply.

31
abnormaljvalue
design valpie of a parameter of abnormal severity used in accidental’limit state checks in whig¢h a
structure is intended not to suffer complete loss of integrity

Note 1 to enptry: Abnormal events are typically accidental and environinental (including seismic) events haying
probabilities of exceedance of the order of 10-3 to 10-4 per annum.

3.2
chart datym
local daturh used to fix water depths on a chart or tidalheights over an area

Note 1 to enftry: Chart datum is usually an approximation to the level of the lowest astronomical tide.

3.3

conditional probability
conditional distribution
statistical flistribution (probability)‘ef the occurrence of a variable 4, given that other variables B, (, ...
have certaln assigned values

-

Note 1 to erjtry: The conditionalprobability of A given that B, C, ... occur is written as P(4|B,C,...). The concept is
applicable tp metocean parameters, as well as to actions and action effects.

EXAMPLE When caonsidering wave parameters, A can be the individual crest elevation, B the water d¢pth
and C the significantwave height, and so on.

3.4
design crdgstelevation
extreme crestelevation measured refative to st water tevel

Note 1 to entry: The design crest elevation is used in combination with information on astronomical tide, storm
surge, platform settlement, reservoir subsidence and water depth uncertainty and is derived using extreme
value analysis. Where simplified models are used to estimate the kinematics of the design wave, the design crest
elevation can be different from (usually somewhat greater than) the crest elevation of the design wave used to
calculate actions on the structure. In reality, the wave with the greatest trough-to-crest height and the wave with
the highest crest will be different waves.

2 © IS0 2015 - All rights reserved
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design wave
deterministic wave used for the design of an offshore structure

Note 1 to entry: The design wave is an engineering abstraction. Most often it is a periodic wave with suitable
characteristics (e.g. height H, period T, steepness, crest elevation). The choice of a design wave depends on:

the design purpose(s) considered,
the wave environment,

the geometry of the structure,

— |the type of action(s) or action effect(s) pursued.

Notg¢ 2 to entry: Normally, a design wave is only compatible with design situations in which the act]
are fjuasi-statically related to the associated wave actions on the structure.

3.6

expert

<metocean> individual who through training and experience is competént to provide metod
spefific to the area or topic in question

3.7

extreme water level

EW|L

conpbination of design crest elevation, astronomical tide and.storm surge referenced to either
3.8

extreme value

representative value of a parameter used in ultimate limit state checks

Not¢ 1 to entry: Extreme events have probabilities of the order of 10-2 per annum.

39

grayity wave

wayve in a fluid or in the interface‘between two fluids for which the predominant restoring
grayity and buoyancy

Notg 1 to entry: Wind-generated surface waves are an example of gravity waves.

31

gu

bridf rise and falhin‘wind speed lasting less than 1 min

Not¢ 1 to entry: In some countries, gusts are reported in meteorological observations if the max
spe¢d exceeds approximately 8 m/s.

31

jon effect(s)

ean advice

LAT or MSL

forces are

imum wind

= <l <l
gustwimaspecea

maximum value of the wind speed of a gust averaged over a short (3 s to 60 s) specified duration within
alonger (1 min to 1 h) specified duration

Note 1 to entry: For design purposes, the specified duration depends on the dimensions and natural period of
(part of) the structure being designed such that the structure is designed for the most onerous conditions; thus,
a small part of a structure is designed for a shorter gust wind speed duration (and hence a higher gust wind
speed) than a larger (part of a) structure.

Note 2 to entry: The elevation of the measured gust should also be specified.

©IS
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3.12
highest as
HAT
level of hig

-1:2015(E)

tronomical tide

h tide when all harmonic components causing the tides are in phase

Note 1 to entry: The harmonic components are in phase approximately once every 19 years, but these conditions

are approac

3.13

hed several times each year.

hindcasting

method of

3.14
infra-grav
surface gra

Note 1 to ¢
commonly

between diffferent swell wave components.

3.15
internal w
gravity wa

3.16
long-term
probability

Note 1 to er]

(see 3.34 short-term distribution). The time scale is hence ¢comparable to a season or to the design servicg

of a structu
EXAMPLE

signifi
signifi
indivig
curren

scatte]
use in

sea ice

a particular action effect,

simulating historical (metocean) data for a region through numerical modelling

ity wave
vity wave with a period in the range of approximately 25 s to 300 s

ntry: In principle an infra-gravity wave is generated by different physical processes but is 1
hssociated with waves generated by nonlinear second-order difference frequency interact

ave
e which propagates within a stratified water column

distribution
distribution of a variable over a long time scale

try: The time scale exceeds the duration of a sea state, in which the statistics are assumed cons
e.
Long-term distributions of:
rant wave height (based on, for examiple, storm peaks or all sea states),
rant wave height in the months May to September,
ual wave heights,
t speeds (such as forluse in assessing vortex-induced vibrations of drilling risers),

diagrams with.the joint distribution of significant wave height and wave period (such as
h fatigue analysis),

types’and thickness,

nost
ons

tant
life

for

storm

3.17
lowest ast
LAT

icebergssras

maximum significant wave height.

ronomical tide

level of low tide when all harmonic components causing the tides are in phase

Note 1 to entry: The harmonic components are in phase approximately once every 19 years, but these conditions
are approached several times each year.

© ISO 2015 - All rights reserved
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3.18

marginal distribution

marginal probability

statistical distribution (probability) of the occurrence of a variable A independent of any other variable

Note 1 to entry: The marginal distribution is obtained by integrating the full distribution over all values of the

other variables B, C, ... and is written as P(4). The concept is applicable to metocean parameters, as well as to
actions and action effects.

EXAMPLE When considering wave conditions, A can be the individual crest elevation for all mean zero-
crossing periods B and all significant wave heights C, occurring at a particular site.

3.19
marine growth
living organisms attached to an offshore structure

3.2p
mean sea level
MSL
arithmetic mean of all sea levels measured over a long period

Notg 1 to entry: Seasonal changes in mean level can be expected in some tegions and over many yeajrs the mean
sea |evel can change.

3.21
mean wind speed
timp-averaged wind speed, averaged over a specified timeinterval and at a specified elevatipn

Not¢ 1 to entry: The mean wind speed varies with elevatidntabove mean sea level and the averaging time interval;
a stindard reference elevation is 10 m and a standard\time interval is 1 h. See also 3.11 gust wind speed and
3.43 sustained wind speed.

3.2p
mean zero-crossing period
average period between (up or downJ)\zero-crossing waves in a sea state

Not¢ 1 to entry: In practice the mean zero-crossing period is often estimated from the zeroth [and second

morpents of the wave spectrum@s)F, =T, =/my(f)/ my(f) =2mmy(w) / my(w).

3.28
mohsoon
seagonally reversing-wind pattern, with associated pattern of rainfall

Note¢ 1 to entry; The term was first applied to the winds over the Arabian Sea which blow for six mhonths from
northeast andfor six months from southwest, but it has been extended to similar winds in other parts pf the world.

3.24
mostprobable maximum

Note 1 to entry: The most probable maximum is the value for which the probability density function of the
maxima of the variable has its peak. It is also called the mode or modus of the statistical distribution.

3.25

operating conditions

most severe combination of environmental conditions under which a given operation is permitted to
proceed

Note 1 to entry: Operating conditions are determined for operations that exert a significant action on the structure.

Operating conditions are usually a compromise: they are sufficiently severe that the operation can generally be
performed without excessive downtime, but they are not so severe that they have an undue impact on design.

© IS0 2015 - All rights reserved 5
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3.26
polar low
depression

3.27

that forms in polar air, often near a boundary between ice and sea

residual current
part of the total current that is not constituted from harmonic tidal components (i.e. the tidal stream)

Note 1 to entry: Residual currents are caused by a variety of physical mechanisms and comprise a large range of
natural frequencies and magnitudes in different parts of the world.

3.28
return pel
average pe

Note 1 to e
events. For
exceedance

3.29

riod
riod between occurrences of an event or of a particular value being exceeded
htry: The offshore industry commonly uses a return period measured in years for environms

a rare event, the return period in years is equal to the reciprocal of the annual* probabilit
of the event.

scatter diz:
joint prob

Note1toe
in fatigue a
occurrence

3.30
sea floor
interfaceb

3.31
sea state
condition ¢

Note 1 to en|
which this
situation at

3.32
seabed
materials |

gram
ility of two or more (metocean) parameters

ry: A scatter diagram is especially used with wave parameters in'the metocean context (for exar

ksessments). The wave scatter diagram is commonly understooed to be the probability of the
pf the significant wave height (Hs) and a representative peried (77 or Tp).

btween the sea and the seabed and referring to_the upper surface of all unconsolidated mate

f the sea during a period in which its'statistics remain approximately stationary
try: In a statistical sense the sea state’does not change markedly within the period. The period dul

ondition exists is often assumed to be three hours, although it depends on the particular wea
any given time.

below the sea incwhich a structure is founded, whether of soils such as sand, silt or

cemented material or of fook

3.33
seiche
oscillation

of abady of water at its natural period

3.34

ntal
y of

hple
oint

rial

ring
ther

lay,

short-term distribution
probability distribution of a variable within a short interval of time during which conditions are
assumed to be statistically stationary

Note 1 to entry: The interval chosen is most often the duration of a sea state.

© ISO 2015 - All rights reserved
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3.35
significant wave height
statistical measure of the height of waves in a sea state

Note 1 to entry: The significant wave height was originally defined as the mean height of the highest one-third of
the zero up-crossing waves in a sea state. In most offshore data acquisition systems the significant wave height is
currently taken as 4,/mg , (Where my is the zeroth spectral moment, see 3.37 spectral moment) or 40, where o is
the standard deviation of the time series of water surface elevation over the duration of the measurement,
typically a period of approximately 30 min.

3.36

soliton
solifary wave or wave packet travelling on an internal density discontinuity which, as’a r¢sult of the
cangellation of nonlinear and dispersive effects, maintains its shape and speed over extendefl distances

EXAMPLE Internal tides which form on the density gradient within the water column can interact with
the pontinental slope and form internal solitary wave packets. Offshore Northwest Australia breakfing internal
solifons have been noted to generate elevated seabed currents.

intggral over frequency of the spectral density function multiplied’by the nth power of the|frequency,

o)
eiter expressed in hertz (cycles per second) as m (f) < f f"S(f)df or expressed fin circular
0

Notg 1 to entry: As w = 2 1 f; the relationship between the‘two moment expressions is: my(w ) = (2m)1my(f).

Note 2 to entry: The integration extends over the\entire frequency range from zero to infinity. In practice the
integration is often truncated at a frequency beyond which the contribution to the integral is negligible and/or
the fensor no longer responds accurately. Care should be taken when utilizing moments of order highpr than 2, as
for §tandard spectral models, the 4th monient will not converge; the value is in effect determined bjy the choice

megsure of the variance associated with a time-varying variable per unit frequency band aphd per unit
dirgctional sector

Note 1 to entry: Spectrum is a shorter expression for the full and formal name of spectral density function or
energy density function.

Note 2 to entry: The spectral density function is the variance (the mean square) of the time-varying variable
concerned in each frequency band and directional sector. Therefore the spectrum is in general written with two
arguments: one for the frequency variable and one for a direction variable.

Note 3 to entry: Within this part of ISO 19901, the concept of a spectrum applies to waves, wind turbulence and

action effects (responses) that are caused by waves or wind turbulence. For waves, the spectrum is a measure of
the energy traversing a given space.
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3.40

squall

strong wind event characterized by a sudden onset, a duration of the order of minutes and a rather
sudden decrease in speed

Note 1 to entry: A squall is often accompanied by a change in wind direction, a drop in air temperature and heavy
precipitation.

Note 2 to entry: The WMO classification of a squall requires the wind speed to increase by at least 8m/s and
attain a top speed of at least 11m/s, lasting at least one minute in duration.

341
still water level
abstract whter level used in the calculation of elevations at which actions are applied.

Note 1 to enftry: still water level is typically used for the calculation of:
— wave kjnematics for global actions,

— wave clest elevation for minimum deck elevations,

— maximpm elevation of ice actions.

Note 2 to efjtry: Still water level, also referred to as storm water level, is an engineering abstraction calculated
by adding the effects of tides and storm surge to the water depth but excluding variations due to waves [(see
Figure 1). It|can be above or below mean sea level.

3.42
storm surge
change in dea level (either positive or negative) that is due to-meteorological (rather than tidal) forcjng

3.43
sustained(wind speed
time averaged wind speed with an averaging duration of 10 min or longer at a specified elevation

3.44

swell
wave that vas wind-generated but has.travelled out of its generation area and has no relationship with
the local wjind

3.45
tropical cyclone
closed atmpspheric circuJation around a zone of low pressure that originates over the tropical oceaps

Note 1 to ¢ntry: The Eirculation is counter-clockwise in the northern hemisphere and clockwise in|the
southern hgmisphere,

Note 2 to ernftryx At maturity, the tropical cyclone can be one of the most intense storms in the world, with wind
speeds exceleding 90 m/s and accompanied by torrential rain.

Note 3 to entry: In some areas, local terms for tropical cyclones are used. For example, tropical cyclones are
typically referred to as hurricanes in the Gulf of Mexico and North Atlantic, while in the East Asian Sea and
NW Pacific they are called typhoons. In the South Pacific and South Indian Ocean, however, they are commonly
referred to as cyclones.

Note 4 to entry: The term cyclone is also used to refer to a tropical storm with sustained wind speeds in excess of
32 m/s (Beaufort Force 12).

3.46
tsunami
long period surface waves caused by displacement of a large volume of a body of water, normally an ocean

Note 1 to entry: The vertical movement of the sea floor is often associated with fault rupture during earthquakes
or with seabed mud slides.

8 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

3.47
water depth
vertical distance between the sea floor and still water level

Note 1 to entry: As there are several options for the still water level, there can be several water depth values.
Generally, design water depth is determined to LAT or to mean sea level.

Note 2 to entry: The water depth used for calculating wave kinematics varies between the maximum water
depth of the highest astronomical tide plus a positive storm surge, and the minimum water depth of the lowest
astronomical tide less a negative storm surge, where applicable. The same maximum and minimum water depths

mes
fred

Not
par

Not

totall energy in the sea state; mg is used in contemporary definitions gfithe significant wave height.

34
way
cha

Not
is n
zerd
Hs /|

3.5
win
me:

Not

B

e spectrum
isure of the amount of energy associated with the fluctuation of the sea suxface elevati
juency band and per unit directional sector

e 1 to entry: The wave frequency spectrum (integrated over all directions)is often described by
metric form such as the Pierson-Moskowitz or JONSWAP wave spectrunt.

e 2 to entry: The area under the wave spectrum is the zeroth spectraliimnoment mg, which is a me

D
/e steepness
racteristic of individual waves defined as wave height divided by wave length

e 1 to entry: For periodic waves, the concept is straightforward as H / A. For random waves, th

crossing period (73) of the wave spectrum in.deep water. The significant wave steepness is the
Az=Hs / [(g/2m) Tz2].

D
d spectrum
isure of the variance associated-with the fluctuating wind speed per unit frequency bang

e 1 to entry: The wind spectrum is an expression of the dynamic properties of the wind (turbulenc

s important
he mooring

hn per unit

use of some

asure of the

e definition

brmally used with the significant wave heightc{Hs) and the wavelength that corresponds with the mean

h defined as

). [t reflects

the fluctuations about and in‘the same direction as a certain mean wind speed, usually the 1 h susfained wind
spe¢d. There is hence no direction variable associated with the wind spectrum within this part of ISP 19901.
Note 2 to entry: As the’Sustained wind speed varies with elevation, the wind spectrum is a function ¢f elevation.
4 |Symbgls‘and abbreviated terms
4.1] -Symbols
D(6) wave directional spreading function
D(£,6) general form of the wave directional spreading function
d water depth
Feon(f;P1,P2)  coherence function between turbulence fluctuations at P1(x1, y1, z1) and at
P2(x2,y2, 22)
f frequency in cycles per second (Hertz)
f1 mean wave frequency of the wave spectrum (f1=1/T1 = w1 / (2m) )
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10

apparent wave frequency (fa=1/Ta=w, / (2m))

encounter wave frequency (fe = 1/Te = we/ (21) )

intrinsic wave frequency (fj=1/Tj = wi/ (2m) )

peak or modal frequency at the peak of the spectrum (fp = 1/Tp = wp/ (27) )

average zero-crossing frequency of the water surface elevation (f, = 1/T; = w;/ (2m) )

acceleration due to gravity

6)

height of an individual wave
breaking wave height

maximum height of an individual wave having a return period of N yedrs. Both Hpa}
and Hpyyp are also used in this context

significant wave height
wind turbulence intensity at z m above mean sea level
wave number=2m /A

nth spectral moment (either in terms of for w). In\particular, mg is the zeroth spectrpl
moment and is equivalent to 62, the variance of the corresponding time series

spectral density function, energy density fusiction
wave frequency spectrum

directional wave spectrum

JONSWAP spectrum for a s€astate
Pierson-Moskowitz spectrum for a sea state

Ochi-Hubble spectrum for a total sea state consisting of a combination of two sea
states with a general formulation

wave perjed;/also period in general
standard reference time-averaging interval for wind speed of 1 h=3 600 s

apparent period of a periodic wave (to an observer in an earth-bound reference fraine)

encounter period of a periodic wave (to an observer in a reference frame that moves

with respect to earth as well as the wave; the Irame 1s usually I1xed to a moving VeSSGI)

intrinsic period of a periodic wave (in a reference frame that is stationary with respect
to the wave, i.e. with no current present)

modal or peak period of the spectrum
mean zero-crossing period of the water surface elevation in a sea state

mean period of the water surface elevation in a sea state, defined by the zero and
first-order spectral moments

time
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Uc free stream current velocity

Uco surface current speed atz=0

Uref reference wind speed, Urer = 10 m/s

Uc(2) current speed at elevation z (z < 0)

Uw(z,t) spatially and temporally varying wind speed at elevation z above mean sea level and at
time instant ¢

Uw(lz) mean wind speed at elevation z above mean sea level averaged over a specified time
interval

Uw,1n(2) 1 h sustained wind speed at elevation z above mean sea level

UwT(2) sustained wind speed at elevation z above mean sea level, averaged over timg interval
T<1lh

Uw( 1 h sustained wind speed at 10 m above mean sea level-(the standard referemce speed
for sustained winds)

uw(k,t) fluctuating wind speed at elevation z around Uy(z) and in the same direction as the
mean wind

Vin-ine component of the current velocity in-line.with the direction of wave propagdtion

XV, coordinates of a right-handed orthogoiral coordinate system with the xy-plape at the
undisturbed still water level (for waves and currents) or mean sea level (for winds)
and the zaxis positive upwards

z vertical coordinate [measuted upwards from the still water level (for wavesjand cur-
rents) or mean sea level:(for winds)]

Zr reference elevation for winds above the mean sealevel, z, = 10 m

Zs stretched vertical coordinate for waves and currents (measured upwards fr¢m the still
water level]

y shape parameter of the peak enhancement factor in the JONSWAP spectrum

n water surface elevation above still water level as a function of time and location

0 wave direction angle

) mean wave direction

Oc direction of the current velocity relative to the wave direction

A wavelength or Ochi-Hubble spectrum peak enhancement factor

o standard deviation of the water surface elevation in a sea state

Oa, Ob parameters in the peak enhancement factor of the JONSWAP spectrum

Osw parameter defining the width of the symmetric swell spectrum (equals the standard
deviation of the Gaussian function)
directional spreading factor

W angular frequency (radians per second w = 21 f)
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4.2 Abbreviated terms

HAT
LAT
MSL
PSU
VIV

5 Detellmining the relevant metocean parameters

highest astronomical tide

low

est astronomical tide

mean sea level

practical salinity unit

vortex-induced vibration

5.1 General

The owneror operator of an offshore installation is responsible for the selection of-the environmehtal

conditions|applicable to specific design situations or for particular operations.

The selectipn shall consider:

— the ty:re of structure being designed or assessed,

— thenature of the operation to be undertaken (e.g. construction, ttansportation, installation, drilling,
produgtion, etc.),

— the lin}it state considered (e.g. ultimate, fatigue, accidental),

— any additional company or regulatory requirements:

NOTE In additional to accidental events, the accidental limit states relate to abnormal environmental ev¢nts,

including aljnormal level earthquakes (ALE), see ISO 19900.

The type of metocean information that can be¥équired include:

a) extreme and abnormal metocean parameters, which are required to develop extreme fnd
abnormal environmental actions-dnd/or action effects. These parameters are used to define degign
situatipn(s) while the extreme-and abnormal environmental actions and/or action effects are ysed
to perform design checks forultimate limit states and accidental limit states respectively.

b) long-t¢grm distributions-of‘metocean parameters in the form of cumulative conditional or margfinal
statistjcs. These parameters are used:

— tol|define design'situation(s) and to perform design checks for the fatigue limit state, or
— to|make.evaluations of downtime/workability/operability during a certain period of time| for
the structure or for associated items of equipment.

c) long-term time series of metocean parameters for use in response-based analyses.

d) short-term environmental conditions, which are required:

— for carrying out checks for serviceability limit states,

— for developing actions and action effects to determine when particular operations can safely
take place, and

— for planning construction activities (fabrication, transportation or installation) or field

op

erations (e.g. drilling, production, offloading, underwater activities).

Depending on the geographical region and the offshore operations involved, other environmental
conditions can be required for specific design situations or for particular operations.

12
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Expert development of metocean criteria

Reliable estimates of (very) low probability environmental events can be made using a number of
different approaches, including analysis of all data values, annual or monthly maxima, or peak-over-
threshold events. Implicit in the use of each approach are assumptions about the data used, the
statistical procedures applied, and the interpretation of the results.

The appropriate design parameters are also dependent on the structural form chosen, for example,
different design parameters can be appropriate to fixed or floating structures.

Experts in meteorology and oceanography are needed to obtain reliable and appropriate design

parpmeters. The experts should be involved 1n the analyses of the data and thelr interprg

desjgn criteria. They should be integral members of design teams, particularly when the env

congditions and associated metocean parameters used for the design of proposed structure

on dlesign criteria for actions (action effects) with long return periods.

For
exp|

5.3

Env
stry

Infd
rele
mef
con

Wh
can

a)

regions subject to continuous, seasonal or periodic ice events such as sea ice.and icebergs
erts should be supplemented by experts in the relevant ice hazards.

ironmental actions and associated action effects used in theldesign and assessment

the structural form (e.g. fixed jacket, semisubmersible:orrmonohull),

the geographical location (e.g. regions where strong currents can be present),

the exposure of individual structural elements to wind, wave, current or ice action,
the limit state being addressed.

rmation on the metocean parameters”appropriate to each structural form is preser
vant structure-specific standardstin the ISO 19900 series of publications. The fina
ocean parameters to be used to\détermine design actions or action effects should be cat
Sultation with structural engineers.

bre wave actions dominatey/the wave condition(s) to be considered for a particular desig
be specified through:

long-term statistical distributions of the oceanographic parameters describing the wav¢
the location of interest over many years;

Where adequate data are available, the statistical distributions can reflect the joint o
of oceanegraphic parameters. Alternatively, only marginal distributions are provided.
longsterm distributions, appropriate oceanographic design parameters should be deriv
compatible with the design situations involved.

tation into
ronmental
are based

, metocean

Selecting appropriate parameters for determining design-actions and actign effects

bf offshore

[ctures are dominated by one or more metocean parametersdepending on factors includjing:

ted in the
| choice of
ried out in

n situation

b climate at

ccurrences
From these
ed that are

b)

c)

short-term descriptions of one more design sea states, in conjunction with one or more design

values of winds and currents;

A design sea state should be described by a wave spectrum in terms of a significant wave height,
a representative frequency or period, and a mean wave direction. Where appropriate, the wave
spectrum may be supplemented with a directional spreading function, see 8.3. A design current is
specified by a surface velocity and its velocity profile over the water column, including its direction,

see Clause 9.

one or more individual design waves, in conjunction with one or more design winds and

currents.

A design wave shall be specified by its height and period, together with an appropriate wave theory
from which the wave kinematics can be derived, as well as (an) associated direction(s), see Clause 8.
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A design current is specified by a surface velocity and its velocity profile over the water column
including its direction, see Clause 9.

The above descriptions shall be supplemented by associated meteorological conditions that are relevant
for the particular design situation considered.

The selection of the most appropriate specification a), b) or c) above depends on the data that are
available for the location of interest, the type of structure concerned, the design situation involved and
the limit state considered. It is entirely appropriate that a different selection is made to suit different
structure types, different design situations and different limit states.

If the currfrk_ﬂ—ﬁi—f'_w_l.—f—ﬁ_n IS Known to dominate design actions on the structure, the selection of associated wave
heights angl wind speeds for a given current velocity should be considered.

If ice in the form of sea ice, icebergs etc. could occur, relevant design situations shall be,defined pnd
environmental parameters shall be developed in accordance with ISO 19906. 1SO 19906 .also inclydes

provisions|for other environmental phenomena encountered in arctic and cold regions, such as spow
and ice accretion, and ice encroachment.

Where envjronmental actions for structural design are not dominated by wave, Current or ice conditjons
(but, for efample, by wind or earthquakes), special consideration shall be given to the selection of|the
relevant metocean parameters in combination with those other events.

5.4 Thejmetocean database

A site-spedific metocean database shall be established containingyinformation on:

— signififant wave heights, periods, directions and spreading,

— current speeds and directions at a number of depthsthroughout the water column,

— wind speeds and directions,

— seaice} icebergs, snow and ice accretion,

— water |evels, and

— other felevant metocean paraméters (air and water temperatures, water salinity, etc.).

The databgse may be establishied ‘either by site-specific measurements over a period of years of by
numerical nodelling (hindcasts) of historical events. If numerical simulations are used, the simulgted
results shalll be calibrated-(ap verified) against appropriate measurements.

Where poskible, the database should be sufficiently long to encompass all the physical processes which
can be endountered during the lifetime of the structure. Where this is not possible, the metodean
criteria derived directly from the database should be modified appropriately.

5.5 Stormm:itypesinaregion

General information on the various types of storms which can affect the structure shall be used to
supplement available data.

When determining the appropriate environmental conditions, it is important to separate storms of
different types, for example, monsoons and typhoons, before performing an extreme value analysis.
Furthermore, it can be necessary to set operating limits for a particular structure for particular storm
types and seasons.

5.6 Directionality

In some locations, representative storm tracks and topographic features can provide fetch limitations
on wave heights from specific directions, or tidal or general circulation currents can be in a predominant
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direction. For design in such situations, different wave, wind and/or current magnitudes may be used
for different approach directions, provided that sufficient reliable data are available to derive them.
However, the owner of the structure shall ensure that the overall reliability of the structure is not
compromised by the use of such lower directional environmental conditions.

If reliable directional information is not available, conservative assumptions shall be made with respect
to relative directions of winds, waves and current.

5.7 Extrapolation to extreme and abnormal conditions

equire-metoces 3 . ates,—e.g. with a

od of 100, 1 000 available,
an ¢xtrapolation of existing data is necessary. Many extrapolation methods are used and there is no
uniyersally accepted method; expert advice shall be sought. In general, the longer the data s¢t the more
accyurate the extrapolation will be. In some relatively homogeneous areas, site;pooling ¢f hindcast
data sets can be used to extend the time basis for estimating return period values at a particular site,
thereby reducing the uncertainty of the extrapolation. Important considerations in site-pog¢ling are to
chopse sites which are far enough apart such that they provide independerit realizations ¢f the local
congditions, but not to choose sites which are so far apart that true spdtial variations in exfremes are
sm@othed over. However, even with long data sets, estimates of (very)Jdow probability parameters can
still depend to a considerable degree on the extrapolation method and sampling variability. Confidence
intdrvals can be estimated to assess the uncertainty due to sampling variability.

5.8 Metocean parameters for fatigue assessments

The fatigue limit state can govern the design of individual structural components in fixed and floating
offghore structures in several parts of the world.

Fatjgue is an accumulation of damage caused‘dy the repeated application of time-varyipg stresses
whilch can result from the environmental actions to which the structure is exposed.

Fatjgue limit state assessment of a strueture requires specification of all environmental condlitions that
arelexpected to occur during the entire period of the structure’s exposure, i.e. its construction phase,
including transportation, and its design service life. The specification of the environment fis given by
the|long-term distribution(s) of.0ne or more metocean parameters. The metocean parametefrs relevant
for the fatigue assessment depend on the type of structure and the location under considefation. The

For some components and types of structures, cyclic stresses due to vortex-induced vibrations (VIV) in
steady currents or winds should also be considered.

Structures in ice environments can experience dynamic ice actions and ice-induced vibrations that
should be considered in accordance with ISO 19906.

Information on the metocean parameters appropriate to the fatigue assessment of different forms of
offshore structure is presented in the relevant structure specific standard in the ISO 19900 series of
publications.
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5.9 Metocean parameters for short-term activities

Transportation, installation, maintenance and removal of a structure are scheduled activities that
are weather-sensitive. Operation of a structure includes regular and routine activities that are also
weather-sensitive. Some of these activities are sensitive to high winds, while others are sensitive to
currents, swell, wave heights, wave periods, wave directions or combinations thereof.

Examples of weather-sensitive scheduled short-term activities are:

a) transportation of the structure over a relatively short distance,

b) installptiomof fixedsteetoffshorestructures; inctuding;

1) liffing, launching, upending and placement on the seabed,

2) the period following placement but prior to and during piling, and

3) the period following piling but prior to and during pile grouting and until the grout sets,
c) installption of fixed concrete offshore structures, including;

1) placement on the seabed, and

2) the period following placement but prior to and during any gratting and until grout setting,

d) establishment/re-establishment of a floating structure at thie’ operating location, including|the
setting of mooring systems,

e) installption and foundation pre-loading for jack-ups,

f) topsides installation,

g) underyvater operations, including inspection and repair, and
h) removpl for decommissioning or reuse.

As well aq being critical and expensive, ‘these activities usually require a weather window with
low envirdnmental conditions for significant durations, e.g. sufficient to allow for all piling and |pile
fixing. Conjsequently, the accuracy of short-term forecasting can be as important as the values of|the
metocean parameters.

Examples ¢f routine activitiesthat are weather-sensitive:
— use of franes for liftiig to and from supply boats;

— use of franes foraoving items around decks;

— under{deckwaceess;

— use of drilling derrick, particularly derrick movements;

— helicopter movements;
— personnel transfer operations by boat.
These activities generally have different weather sensitivities.

Limiting criteria shall be established for each activity. In many cases the limitations are established by
considering the safety of personnel.

It is useful in the planning of a development or the planning of a specific activity to know that the
probability of the metocean parameters exceeding the criteria for particular activities is sufficiently
low for sufficient time to complete these activities. The probability of sufficiently calm conditions for a
given location typically varies on a seasonal basis.
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Predictions of the variation in the relevant metocean parameters should be made from the metocean
database. Predictions should provide either the proportion of time and the durations for which
metocean parameters are expected to remain within limiting criteria, or the probability of the values
of certain metocean parameters being exceeded. Seasonal variations (by month or by quarter) should
be reported if these are significant. In addition, it should be considered and made clear to users of such
criteria that in addition to seasonal variations in operational conditions, there can be significant year-
to-year variations.

5.10 Metocean parameters for medium-term activities

Megiunr=termractivities suchras trarmspor tatiomr of @ structure or structurat mrembers,; particularly
whén involving long exposed tows, are scheduled activities which are weather sensitive bubwhich have
durptions significantly longer than the length of the available weather forecast. Fof. sucH activities,
certain design criteria can be required, such as sea-fastening load criteria.

For|transportation, the design criteria should be defined, consisting of the design wave, design wind
and) if relevant, design current. Where the transportation transits through different geographical areas,
themaximum wave and maximum wind may not occur in the same area, in‘which case it is ngcessary to
chefk the extremes in each area, to establish governing load cases.

6 [Water depth, tides and storm surges

6.1l General

Theg water depth at the site, including variations im,the water depth, shall be determiped where
significant for the type of structure being considered.

The range of water depths at a particular sitelis important for the design of structures ds it affects
several parameters, including:

— |environmental actions on the structure,

— |elevations of boat landings, fendets, and cellar deck on bottom-founded structures,
— |riser length/stroke on floating structures, and

— |mooring forces for taut'er vertically moored floating structures.

For|the purpose of design or assessment, the water depth can be considered to consist of a njore or less
stafionary component, this being the water depth to a reference chart datum (e.g. LAT or MSL), and
varjations with{fime relative to this level (see Figure 1). The variations are due to the asfronomical
tidg (see 6.2).and to the wind and atmospheric pressure, which can create storm surges [which can
be positiveror’'negative) (see 6.3). Other variations in water level can result from long-tefm climatic
varjationsysea floor subsidence or episodic events such as tsunamis. Water level variations|can have a
reldtively minor impact in deep water, but can be considerably more important in shallow whter.

It is important for the design of all structures (and in particular bottom-founded structures in shallow
water) to have a good knowledge of the joint distribution of the tide, the storm surge height and the
crest and trough elevations of the waves.

6.2 Tides

Tidal variations are the result of the gravitational and rotational interaction between the sun, moon
and earth and are regular and largely predictable; they are bounded by the highest astronomical tide
(HAT) and the lowest astronomical tide (LAT) at the site.

The variations in elevation of the daily astronomical tides determine the elevations of boat landings,
fenders, splash-zone treatment, conductors and risers, and the upper limits of marine growth for
bottom-founded structures.
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6.3 Storm surges

Storm surges are meteorologically generated. Since the generation of surges is unrelated to tides, their
occurrences are randomly superimposed on tidal variations. In deep and modest water depths, tidal and
storm surge elevations can be arithmetically added to good approximation. In shallow water, tide and
surge can interact due to nonlinear bottom friction effects. Since surges cause water level variations
additional to tides, total still water levels above HAT and below LAT can occur.

6.4 Extr

The extre
and ‘storm|

The combi
level’, orit g

Extreme wj
founded st
water dept]

Structures

eme water level

surge’ referenced to either LAT or MSL.

hation can be either a straight summation of the ‘design crest elevation’ and the.“still w

ater level is a starting point for ascertaining the minimum height of the maifvdeck of a bott
ructure. Allowance should also be made for platform settlement, reservoir subsidence
h uncertainty.

with large diameter columns can modify the incident wave field, resulting in change

the extrenmpe water level (and other wave properties) estimated in théJabsence of wave/struct

interaction

s. Such changes may need to be addressed as part of the design process.
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an be developed taking into account the joint probability of occurrence of crest, tide and sufrge.
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Figure 1 — Water depth, tides and storm surges
7 |Wind
7.1] Genexal
Wind-speed and direction vary in space and time. Normally, wind speed time-series data 4t a site are
Onl‘ 1 ple imgale ele lon 1 a ala e inle me emen oh-the ten hundreds

of metres horizontal-length scales relevant to offshore structures. Furthermore, time series are often
only available at time scales much longer (e.g. 10 min to 3 h) than the natural response periods of most
structures. On length scales typical of even the largest offshore structures, the mean and standard
deviation of the wind speed, averaged over durations of the order of an hour, do not vary horizontally,
but they do change with elevation (wind profile). For averaging durations shorter than 1 h, there will be
periods with higher mean speeds and increased spatial variation. As such, typical practice is to specify
wind criteria at a clearly specified averaging interval and reference elevation. The most commonly used
reference elevation is 10 m above mean sea level. Wind profile factors, gust factors, auto- or coherence
spectra appropriate to the local wind regime can then be applied in conjunction with the reference
winds to appropriately account for fine-scale spatial and temporal effects.
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Wind speeds are classified as either:

— sustained wind speeds, or

— gustwind speeds.

The elevation and averaging interval of any wind speed or gust should always be reported.

Extreme gusts occur due to a variety of phenomena. These include squalls, thunderstorms, downbursts,
tornados, water spouts, all of which are relatively short-lived. The ratio of maximum gust wind speed to
hourly mean wind speed at any one location in these examples can be large.

However, gusts also occur during periods of high hourly mean wind speed due simply to turbulen¢e,|but
in this cas¢ the ratio of maximum gust wind speed to hourly mean wind speed over the sea isctypidally
less than apout 1,5.

Wind condjtions shall be determined by proper analysis of wind data. Guidance on collecting wind dlata
is givenin A.7.1.

To determine appropriate design situations for offshore structures with regard.to'wind, the extrgme,
abnormal gdnd operationally relevant wind conditions shall be specified in accordance with the type of
structure gnd the nature of the structure’s response. Wind turbulence in gusts has three-dimensi¢nal
spatial scalles related to their duration. For example, 3 s gusts are coherent over shorter dista;tces
and therefpre affect smaller components of a structure than 15 s_gusts. For structures (structpiral
componen{s) that are subject to appreciable dynamic response, it ¢an be necessary to take the time
variation of actions caused by wind into account.

Further gujidance is provided below, while procedures for detébmining actions and action effects caysed
by wind fdr different types of structure shall be in accordance with the relevant structure-spegific
standard in the ISO 19900 series of publications.

7.2 Wind actions and action effects

Wind acts [on the topsides and that portiop~efthe structure that is above the water, as well as ujpon
any equipment, deck houses, bridges, flare*booms and derricks that are located on the topsides. As|the
wind speefl varies with elevation, the height of the component shall be taken into account. A vertical
wind profile that can be used is discussed in 7.3 and provided in A.7.3.

For the depign of offshore structures that respond globally in a nearly static fashion, global actjons
caused by wind are generally@auch less important than those caused by waves and currents. Howgver,
for the locdl response of cerfain parts or of individual components of these structures, the action effgcts
caused by|wind can be.significant. Global actions on structures shall be determined using a time-
averaged design speed in the form of a sustained wind speed. For the design of individual structpiral
components, a timé€-averaged wind speed can also be adequate, but the averaging duration shal| be
reduced tolallow for the smaller turbulence scale that can affect individual components. Local actjons
on individfial/components shall therefore be determined using a gust wind speed. Guidance on|the
selection of appropriate averaging times is given in A.7.2.

For the design of offshore structures (or structural components) that are subject to appreciable dynamic
response, the time and spatial variation of the wind speed needs to be accounted for. A dynamic analysis
of a structure (or structural components) is generally necessary when the wind field contains energy
at frequencies near the natural frequencies of the structure (structural components). Such analyses
require detailed knowledge of the wind turbulence intensity, the wind frequency spectrum and its
spatial coherence (see 7.4).

A special case of dynamic response is the VIV of relatively slender structures subjected to steady winds
in which alternate vortex shedding excites components. Components of fixed steel offshore structures
can be exposed to VIV during construction and transportation. Flare structures and telecommunication
towers can also be susceptible to VIV throughout their lives.

Wind should be considered in detail for compliant bottom-founded structures and floating structures.
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7.3 Wind profile and time-averaged wind speed

The vertical profile of the mean wind speed in storms is usually expressed by a logarithmic function.
Adjustments to the wind profile at a particular location or under certain conditions may be made when
appropriate measured data from an offshore location are available (i.e. measured data for the kind of
event used in design).

7.4 Wind spectra

Ifa structure (ora structural component) exhlblts apprec1able dynamlc response due to wind action, the
temg mras) be viewed
as 4n evolv1ng f1eld of Vortlces being swept past the structure Addltlonal turbulence is‘generated by
the|structure itself. The most accurate wind actions are derived from physical testing'in a|lboundary-
laygr wind tunnel, or by using computational fluid dynamics. Useable results can,belobtaiped from a
timp series of wind velocity generated by adding spectral frequency components (mathematically
as iescribed below for waves) to the mean wind speed. In the absence of three-dimensjonal wind

modlelling, only the speed fluctuations in the mean wind direction can becdescribed. An gppropriate
form of the frequency spectrum for wind speeds in the mean direction is\given in A.7.4. The spatial
varjation of the wind speed in the mean direction between two points. in/space is expressed by means
of a[coherence function (see A.7.4).

The concept of a wind spectrum is only applicable to stationary wind conditions. As squalls aile transient
(non-stationary), the temporal and spatial variations of the wind speed in a squall cannot b¢ described
by 4 wind spectrum. Analysis of actions and action effects cdused by squalls requires the specification
of atime series of wind velocity, which captures the transient squall peak.

8 |Waves

8.1/ General

Surface waves are generally very important for the design of offshore and coastal structuyes. Facility
desjgn requires the specification of(the operational wave statistics and extreme and abnormal return-
perjod wave conditions comprising spectral and/or deterministic wave height and period parameters,
dirgction of wave propagation and the spread of the directions.

Ocelan waves are irregular in’shape, vary in height, length and speed of propagation, and trayel in many
dirgctions. In general, small waves in deep water may be regarded as the linear superimposition of
many small individualsihusoidal components, each of which is a periodic wave with its own|amplitude,
frequency and direetion of propagation; with linear waves the components have randgom phase
relgtionships with'fespect to each other. Linear superposition of waves can be described|as a wave
spertrum defining the amplitude of waves for frequencies and directions.

For|larger.waves, generally occurring at low probabilities (long return periods), waves are not linear.
Intdractions of wave components of differing frequencies and directions change the shiape of the
linear wave
assumptions. In intermediate and shallow water depths, the nonlinearity of the waves increases and
becomes very important.

Waves can be described as either:

— a sea state, defined by either the frequency-direction wave spectrum or the frequency spectrum
(see 8.3) or

— an individual wave, defined by wave height (or crest height), period and water depth (this wave is
also called a deterministic or single wave) (see 8.4).

In a sea state, the wave energy can be distinguished into two broad classes: wind-seas and swells. Wind-
seas are generated by the local wind, while swells consist of wind-driven waves that have travelled out
of the generation area, and have no relationship with the local wind.
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The range of wave conditions that can occur at the site of the structure shall be specified. For operational
conditions, details of the occurrence and joint occurrence of wave heights, periods, directions, spectral
shape and spreading of waves shall be specified. For extreme or abnormal conditions, the return-period
values of waves shall be specified. Associated values and ranges of wave periods and water depths shall
also be specified.

It can be required to partition the wave energy spectrum into swell and wind sea components.

In determining the operational, extreme or abnormal wave conditions, the physical processes which
lead to the wave forms at the site shall be considered. In this respect, nonlinear effects can be significant

(e.g. breaking).
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The linear spectral model for waves is presented in 8.3. Regular periodic wave models are presented
in 8.4. The height of the highest wave crests in extreme and abnormal metocean conditions can be of
special significance, see 8.7.

Procedures for determining actions and action effects caused by waves for different types of structure
shall be in accordance with the relevant structure-specific standard in the ISO 19900 series of
publications.
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8.3 Sea states — Spectral waves

8.3.1 Wave spectrum

The sea state can be described in terms of the linear random wave model by specifying a wave spectrum,
that defines the energy in different frequency and/or direction bands. In most cases, the wave spectrum
is represented by empirical equations defining the distribution of energy over frequency and/or
direction. Parameters typically required for defining a wave spectrum for design are the significant
wave height and a representative frequency or period. For many applications, wave direction, wave
spreading and peakedness of the wave spectrum are also required.

There are several standard wave-frequency spectra in use; the most appropriate spectral foyjm depends
on the geographical area, the severity of the sea state and the application concerned.

Waye spectra may be determined from site-specific measurements and numerical wave modelling. Use
of wave spectra from measurements generally provides the more accurate degcription of the spectral
confent of the sea state, and should be used in preference to numerical models.foydefine ambignt spectral
shapes and extreme spectral shapes. Spectral fitting to measured spectra-is generally r¢quired for
application to design, though in some cases this will not be adequate andymeasured spectra should be
recommended for direct application to design (e.g. where the wave speCtrum is used to drive response
modlels within a response-based approach).

Spertral fitting should be used to define spectral shapes with¢parametric forms of wave spectrum, and
the[parameters of the selected spectral shape should be défined as part of the ambient and extreme
des|gn metocean conditions.

Furfher discussion and guidance on wave spectra andthe most common parametric forms fgr the wave
speftrum are given in A.8.3.1.

8.3]2 Directional spreading

As the water surface elevation in a sea‘state is in reality three-dimensional (short-crested), the wave
frequency spectrum may be supplemented by a directional spreading function. Parametrif forms for
thewave directional spreading function are given in A.8.3.

Theg wave directional spreadingfactor can be modified, if justified, to account for spatial effgcts.

8.3]3 Wave periods

The spectral description of waves requires specification of a representative wave period, fqr example,
the[peak spectral'wave period. For consistency, other wave periods such as the average zefo crossing
perjod should be'‘computed from the spectrum.

8.3[4 Wave kinematics — Velocities and accelerations

Lin¢at or Airy) theory is a first-order approximation for real waves. It is based upon a linegrization of
the free-surface boundary conditions and as such is only valid for waves of low steepness.

Wave kinematics may be determined from a wave spectrum by linear superposition of the individual
components of wave velocity and acceleration. However, extrapolation of the kinematics associated
with the higher frequency components into the crest of a wave can lead to significant errors. This is
often referred to as ‘high frequency’ contamination. Commonly applied engineering approximations
avoid this by stretching the kinematics to the instantaneous free surface; for example, using linear
stretching [also known as Wheeler stretching (see A.9.4.1) or Delta stretching (see A.8.4)]. These
approximations can be non-conservative and so should only be used where their application can been
shown to be justified.

Better approximations are recommended and are provided by nonlinear wave models (see 8.6).
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8.4 Regular (periodic) waves

8.4.1 General

A single regular (periodic) wave can be defined by characteristic parameters, for example, height and
period. Water depth is also required. The characteristic parameters should be chosen to suit both
the wave theory to be applied and the loading recipe. For example, when applying a ‘Stokes 5th wave
theory’ approach within the context of the API RP 2A loading recipe (for fixed jacket platform design),
the height and period should be the zero-downcrossing height and period.

For deter of actions b dividual- waveson-structy arperiodicwa
be used wijith a calibrated loading recipe. Calibrated loading recipes for drag-dominated structyres

used, if usgd with a loading recipe calibrated for these wave theories. An appropriate order.of numeifical
solution shiall be selected as appropriate to the water depth, wave height and wavelength.

As an alterpative to periodic wave theories, representative waves from a random sea-derived with wave
theories sych as New-wave theory may be used. The New-wave is a representation of the most probgble
waveform pf an extreme wave in a linear random sea. To ensure approximate parity of actions caysed
by differert design waves, the crest elevation in New-wave shall then be taken as 5/9 times the wave
height used in Stokes 5th order or stream function theory. Experiencehasshown that Delta stretching
should be used with New-wave.

In addition], realistic representation of ocean waves is possible-wsith fully nonlinear numerical wave
models, buf their use in the calculation of design actions shall be'calibrated.

8.4.2 Wave period

The period of the regular (periodic) wave should be established to be consistent with the sea state($) in
which the yave is likely to exist.

8.4.3 W3ave kinematics — Velocities and accelerations

Wave particle velocities and accelerations for periodic waves may be calculated using an appropriajtely
selected whve theory.

Discussion|on the wave theorie§, 1ange of convergence and references is given in A.8.4.

Most periodic wave theoriés-do not account for wave directional spreading in their kinematics. Where
appropriatg, directional-spreading can be approximately modelled in periodic waves by multiplying the
horizontalvelocities and accelerations by a wave directional spreading factor ¢ (see A.8.3).

8.4.4 Infrinsic,apparent and encounter wave periods

Wave peripds appear to differ depending on the relative velocities of wave propagation and |the
reference frame of an observer. This is due to the Doppler effect. For example, an observer moving
against the direction of the waves encounters successive wave crests more quickly than an observer
travelling in the same direction as the waves.

When waves are superimposed on a (uniform) current, the intrinsic reference frame for the waves
travels at the speed and in the direction of the underlying current.

Three particular situations are as follows.

a) Anobserver travelling at the same speed and in the same direction as the current is stationary with
respect to the intrinsic reference frame and will therefore measure the intrinsic wave period Tj.

b) An observer on a fixed structure is stationary relative to the seabed and measures the apparent
wave period, T,. If the waves are travelling in the same direction as the current, approaching wave
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crests pass the structure more quickly than if there was no current and consequently the apparent
period is shorter than the intrinsic period. Similarly, if the waves are travelling against the current
the apparent period is longer than the intrinsic period. If there is no current, the fixed structure is
stationary with respect to the intrinsic reference frame and hence T, = T;.

An observer on a moving vessel (having a velocity relative to the seabed) measures the encounter
wave period, Te. The difference between T, and Tj depends on the relative speeds and directions of
the moving vessel and of the current. If the moving vessel is travelling at the same speed and in the

See

same direction as the current, then T, = Tij.

A.8.4 for the relationship between Tj, T, and Te.
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modlels and regular waves most oftén used for design and analysis are convenient apprgximations.
However, they are not always«very accurate in defining the position of the free surface, kinematics
benleath the surface or, in conseéquence, local or global actions. Neither regular nor linear random wave
thepries give the correct elevation of the wave crest or kinematics over the water column.

. Thus, for
helpful, or

Rea]ﬁ ocean surface waves are random, broad-banded, directionally spread and nonlinear
many purposes, aarore accurate nonlinear carefully calibrated random wave model can be
eveh essential.

In practicef the extension of spectral representations to second order provides an adequate
approximation of the surface profile and kinematics of moderately steep waves. Examples of where
a sgcorid-order spectral model can be inaccurate and where a fully nonlinear model is a bdtter choice
include the calculation of loads during the inundation of the deck of a platform by green wafer and the

calculation of wave forces on a fixed structure in very steep waves.

8.7 Wave crest elevation

Distributions of extreme and abnormal crest elevations which account for the nonlinear nature of large-
amplitude waves are required for setting minimum deck heights on bottom-founded structures and for
assessing the probability of green water intruding onto the topsides of all types of structures, decks
and hulls which are intended to be kept above the waves.

For structures where there can be significant wave-structure interaction (e.g. for structures with a
caisson or with very large diameter legs), the possible enhancement of the crest elevation due to the
presence of the structure shall be considered. This enhancement often does not lead to large increases
in the global actions on the structure, but can impose significant local pressures on the underside of
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the topsides. It can also impede operations (particularly under-deck) and local measures to reduce its
effect can be necessary.

The statistics of wave crest elevation may be determined for a single point in space (i.e. point statistics).
However, the elevations within finite areas (e.g. platform deck area) are exceeded at higher probability
than provided by the point statistics. For structures which are sensitive to exceedance of airgap,
consideration should be given to this increased probability of exceedance in assessing the structural
reliability to be achieved or implied by the relevant code.

9 Currents

9.1 General
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current speeds vary in space and time but at,miuch lower rates. Therefore, currents 1}
e considered as a steady-flow field in which velocity is only a function of depth.

Current velocity is composed of tidal cutrents, resulting from astronomical forcing,
rrents. The components of the residual cuirrent can include circulation and storm-generd
s well as short- and long-period currents generated by various phenomena such as den
wind stress and internal waves.
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features of the general ogeanic circulation. Examples include the Gulf Stream in the Atla

approxima

tic

the Loop Current in the Gulf of Mexico, where surface velocities can be in the rangp of
ely 1 m/s to 2 m/s¢While relatively steady, these circulation features can meander pnd

intermittently break off fromhe main circulation feature to become large-scale eddies or rings, which
then drift pt a speed of a_few kilometres per day. Velocities in such eddies or rings can approach or
exceed thaf of the main-circulation feature. These circulation features and associated eddies occufr in
deep water beyond the,shelf break, but in some areas of the world they can affect shallow water sitgs.

Storm-gengeratedcurrents are caused by the wind stress and atmospheric pressure gradient throughout
a storm. Storm current velocities are a complex function of the storm intensity and meteorological
characteristics, bathymetry and shoreline configuration, and water density profile. In deep water
along open coastlines, surface storm currents can be roughly estimated to have velocities up to 3 %
of the 1 h-sustained wind speed during storms. As a storm approaches the coastline and shallower
water, the storm surge and current can increase, and after a storm has passed inertial currents can
persist for some time.

Sources of information about the statistical distribution of currents and their variation with depth
through the water column are generally scarce in most areas of the world. To avoid encountering
problems during early phases such as exploration drilling, concerted measurement campaigns are
required to acquire the data, particularly in remote, deep water areas near the edges of continental
shelves. In deep water areas (water depths typically greater than 200 m) such as in the Gulf of Mexico
and along the northern and eastern coasts of South America, currents are a major consideration in
carrying out offshore operations and in the design of structures.

The variation of current velocity with depth shall be determined by an experienced metocean expert.
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9.3 Current profile

The variation of current speeds and directions through the water column shall be determined for the
specific location of the structure, taking into account all available information. In general, current
profiles vary in strength and direction through the water column. Where the density does not vary
significantly through the water column, the direction of the current velocities over the full water
column is usually relatively uniform and simple profiles are appropriate; guidance is provided in A.9.3.
Where the density varies through the water column, or different water masses flow into the region,

more complex current profiles are common.
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10|Other environmental factors

10.1 Marine growth

Mafine growth offystibmerged structural components and other parts of a structure ¢an have a
significant influenee on the hydrodynamic actions to which the structure is exposed.

The influence.of marine growth on hydrodynamic actions is due to increased dimensions andl increased
drap coefficients due to roughness, as well as to the increased mass and its influence dynamic
response and the associated mass inertial forces. Where sufficient information is available, the loading

coe

[ficients may be selected based on the nature of the marine grmmfh

Structural components can be considered hydrodynamically smooth if they are either above HAT
or sufficiently deep such that marine growth is sparse enough to allow its effect on roughness to be
ignored. However, caution should be exercised, as a small increase in roughness can cause an increase
in the drag coefficient to a level similar to that corresponding to a rough surface.

The type and thickness of marine growth varies with depth and depends on location, the age of the
structure and the maintenance regime. Experience in one area of the world cannot necessarily be
applied to another. Where necessary, site-specific studies shall be conducted to establish its likely type,
thickness and depth dependence.

More specific advice for the different types of structure is given in the relevant structure-specific
standard in the ISO 19900 series of publications.
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10.2 Tsunamis

Tsunamis are water waves caused by impulsive disturbances that displace a large water mass in the
sea. The main disturbances causing tsunamis are earthquakes, but they can also be generated by
seabed subsidence, landslides, underwater volcanic eruptions, nuclear explosions, and even impacts
from objects from outer space (meteorites, asteroids and comets). Their wavelength is several tens of
kilometres and they have periods in the range of 5 min to 100 min. Their speed of propagation across
the ocean is a function primarily of water depth; in the deepest oceans tsunami waves can travel at

speeds of s

everal hundred kilometres per hour.

In deep water, tsunamis have a low height and very long period and pose little hazard to floatin
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bre structures. Tsunamis contain more energy when they are generated in deeper water,
Femely destructive when they impact the coast. When they reach shallow water, the W
s upward from the bottom to create a rise and fall of water that can break in shallow w.
hland with great power.

5t hazard to offshore structures from tsunamis results from inflow and outflew of water in
7es and currents. These waves can be significant in shallow water, causing-substantial act
es. Currents caused by the inflow and outflow of water can cause excessive scour problem

ravel great distances very quickly and can affect regions that arehot normally associs
sturbances that cause them. The likelihood of tsunamis affecting@the location of the struct
hsidered.
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asurements of sea level in semi-enclosed bodies of water often show seiches with amplitu
ntimetres and periods of a few minutes due to oscillations of the local harbour, estuar
mposed on the normal tidal changes. Normally, variations are small enough offshore
b ignored, but if a structure is located in-shallow partly enclosed seas, the effect of seig
onsidered.

ce and icebergs

 icebergs can affect the design and operation of structures. Before commencing de
iction of, or operations of,)structures in areas that are likely to be affected by sea ice
Hequate data shall be collécted in accordance with ISO 19906, and may include:

al distribution of seaice,
ution and probability of ice floes, pressure ridges and/or icebergs,
pf ice-gouges on the seabed from icebergs or ice ridges,

hickriess and representative features of sea ice,
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eed, direction, shape and mass of’ice floes, pressure ridges and/or icebergs, and

strength and other mechanical properties of the ice.

These data shall be used to determine design characteristics of the structure, as well as possible
evacuation procedures.

For specific provisions for sea ice and icebergs, see ISO 19906.

10.5 Snow and ice accretion

Where relevant, snow accumulation and ice accretion shall be considered in the design of structures.

An estimate shall be made of the extent to which snow can accumulate on the structure and topsides,
and of its possible effect on the structure.
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Topsides icing can increase the diameter of structural components and can lead to a substantial
increase in actions caused by wind and gravity, particularly for long, slender structures such as flares.
Topsides snow and icing can also adversely affect the stability of floating structures and the operation
of emergency equipment.

Icing from sea spray, freezing rain or drizzle, freezing fog, or cloud droplets shall be considered in the
design.

For specific provisions for snow and ice accretion, see ISO 19906.

10.6_Miscellaneous

Depending on circumstances, other environmental factors can affect operations and can‘cohsequently
inflpence the design of structures. Appropriate data shall be compiled, including, where appropriate,
recprds and/or predictions of:

— |air temperature (maximum and minimum where appropriate),
— |barometric pressure,

— |cloudiness and cloud base levels,
— [humidity,

— |lightning,

— |precipitation,

— |salinity,

— |seawater composition,

— |sea temperatures,

— |solar radiation

— |visibility,

— |wind chill,

— |phenomena specific'to’arctic and cold regions, see ISO 19906.

11|Collectiomof metocean data

11.1 Genexal

Offghore metocean monitoring systems can vary from simple weather stations for aviation purposes,

to (nmn]nfn data acanicitiaon cuctamc 1ncarnarating o wiida yranaa of cancarce and carhict l‘ated data
OrHprece—tata ot o TeroT—S ¥y o Te o IIIeoT POttt 5 o vy oo 5 E O o e o oS o priroTeil

processing, display, storage and transmission features. By providing real-time information for
operational use and long-term records for engineering design purposes, offshore metocean monitoring
systems play an important role in ensuring safe offshore operations.

This part of ISO 19901 is intended as an initial reference for offshore operators when planning
metocean monitoring equipment on offshore installations. It provides guidance on both possible
statutory requirements and the operator’s own requirements, spanning applications such as weather
forecasting, climate statistics, helicopter traffic, tanker loading, marine operations, etc.

The collection of metocean data is normally the result of requirements imposed by a regulator or other
authority, and the operator’s own needs. When specifying a metocean data collection system, the
operator shall cater for the requirements of each of these organizations where they differ from those
presented in this part of ISO 19901.
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11.2 Common requirements

11.2.1 Ge

neral

Procedures which ensure the proper functioning of the measuring and recording systems described in
this part of ISO 19901, as well as instrument accuracy and calibration, shall be established and maintained.

Qualified personnel shall carry out observations, select, install, check and maintain the equipment and
repair any faults or malfunctions. Service and calibration intervals on equipment shall be a maximum
of one year. When new types of instruments are introduced, notification shall be given to all regular

receivers

fdata

Time referfences given in local or UTC (universal time coordinate) shall be recorded together v
the measufed data or derived parameters. The time reference should not be dependent onJamarual

resetting

llowing a temporary cessation in operation of the system. Local user interfaces sh

clearly show both UTC and local time.

11.2.2 Instrumentation

The accur
purpose of

11.3 Mety

11.3.1 Ge
Informatio

Data that ¢
observers.
shall be giy

11.3.2 W¢

cy, range, type and location of the instruments should be determin€d with due regard to
the recordings.

porology

neral
In concerning instrument accuracy and calibration requirements shall be established.

annot be measured by means of instruments shall be obtained by observation by quali

en to suitable refresher training for.observers to comply with local regulations.

tather observation and reporting for helicopter operations

The speciffications provided in this-part of ISO 19901 address only metocean conditions, and

not consti
regulation

A complet
Ext. META
instrumen

ute a complete systemr for offshore helicopter operations. The relevant local helico
b shall be applied in order to ensure all necessary aspects are covered.

h

b aviation routine\weather report is specified in WMO-No. 306, under code FM 15
R. The data are-transmitted in a ‘message’ which consists of information derived f
fal measurements and manual observations taken by a qualified observer.

The paramjeters included are:

wind d

wind s

cloud,

30

irection,

Observers shall have completed relevant meteorological observer training. Considerat

vith

uld

the

fied
ion

—

do
hter

XV
fom

peed,

visibility [according to METAR specifications, and runway visual range (RVR) if available],

weather,

dew-point temperature,
air temperature,
air pressure (QNH - barometric pressure adjusted to sea-level),

significant wave height,
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sea surface temperature.

The wind measurements from the top of derrick are normally not representative for the wind field
at the helicopter deck. A separate wind sensor shall be installed near the helideck to measure values
representative for the wind field at the helicopter deck. This requirement may be waived if it can be
clearly demonstrated that this is not necessary.

11.3.3 Weather observation and reporting for weather forecasting services

A complete weather observation report is specified in WMO-No. 306 under code FM 13-XIV Ext.

SHI

The message consists of information derived from instrumental measnurements a

d manual

obs

The

Obs
inte
Stai
WM

11.

In
ma

ervations taken by a qualified observer.
parameters included are:

wind direction,

wind speed,

air pressure,

air temperature,

sea surface temperature,

humidity,

wave height,

wave period,

clouds,

visibility (MOR - meteorological optical range),
weather,

icing.

ervations shall be made’ at standard synoptic hours, expressed in terms of UTC at
rnational agreement, meteorological observations are made simultaneously throughou
1dard synoptic hours are 00, 03, ... 21 UTC. The observations shall be recorded in accor
0-No. 306, under-code FM 13-XIV Ext. SHIP (Section A, pp. 7-24).

B.4 Weather observation and reporting for climatological purposes

nddition' to the data collected for the weather report (SHIP-format), the wave par
Kimum wave height, peak period and wave direction shall be included if available. T

which, by
' the globe.
Hance with

hmeters of
he normal

rec

resolution of the data shall be in accordance with the instrument accuracy.

11.

4 Oceanography

11.4.1 General

In the context of this part of ISO 19901, the term oceanography shall encompass

©IS

ocean currents at specified depths,
water level,

sea temperature at specified depths,
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tent (salinity) at specified depths,

oxygen content at specified depths,

icebergs, their size and drift,

es and sea surface temperature are defined as part of meteorology, and covered in 11.3.

Apart from ocean currents and water level, the measurements and observation of oceanographic
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12 Infor

12.1 Info

The clause
of ISO 199

subclause in the body, of this part of ISO 19901 to which it relates.

12.2 Info

The annex

g are not commonly included in plntfnrm metocean svstems The operator shall _however,

s own need for collecting such data contingent upon the natural conditions at the lo€at
pacy of the database, the type of structure or installation, and the operational situatio

asurements and observations

rents should be measured at fixed depths (or bins), and include at least three depth
iters: near-surface, mid-depth and near-bottom. For measurements(in deeper waters, 1
bnt depths are recommended to capture the spatial variabilityZof currents with de

hs, instrument recordings and remote sensing.

| quality control

b shall be established to ensure that collected data are processed and standard analy
in such a way that the quality of the data can béwerified. The analyses should be sufficie
fo allow all significant errors to be discovered. The data should be compared to of
ata, to the extent this is practicable.

ations can require the provision of metocean data and/or reports to a regulatory bod
egular intervals. Careful consideration shall be given to how these requirements will be
rvation system and its operation.

mation concerning thé annexes

'mation concerning Annex A

5 in Annex A proyide additional information and guidance on clauses in the body of this |
1. The saméuytumbering system and heading titles have been used for ease in identifying

rmation concerning the regional annexes

ion,
h of

5 in
ore
pth.

ration of sea ice and icebergs (size and drift), can be performed by combining e.g. manual

'ses
htly
her

 or
met

part
the

es subsequent to Annex A present an overview ol various regions oI the world 1or w

1ich

information has been developed by experts on each region, and is intended to supplement the provisions,
information and guidance given in the main body and Annex A of this part of ISO 19901. They also
provide some guidance relating to the particular region dealt with in each annex, as well as some
indicative values for metocean parameters which can be suitable for conceptual studies. However, site-
or project-specific metocean parameters shall be developed for structural design and/or assessment.
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Annex A
(informative)

Additional information and guidance

A 1T—Scope

Envlironmental conditions generally have a significant influence on the design and the~congtruction of
offghore structures of all types. In some areas of the world, the prevailing environmental|conditions
can|also have an influence on the operational aspects of a structure, which in turn can affect the design
of the structure.

The environmental conditions and metocean parameters discussed herein xelate to the pre-§ervice, the
in-dervice and the removal phases of structures.

It igbeyond the scope of this part of ISO 19901 to provide detailed instructions that can be followed to
profuce reliable estimates of extreme or abnormal conditions in allareas and in all cases.

Reduirements for the calculation of environmental aetiohs on offshore structures and the
resylting action effects are given in I1SO 19902 for fixed steel structures, ISO 19903 for fixed
congrete structures, ISO 19904-1 for floating structures’(monohulls, semi-submersibles and spars),
[SO[19905-1 for site-specific assessments of jack-ups; ISO 19906 for arctic offshore struftures and
[S0|199013 for topsides structures.
A.2 Normative references

No guidance is offered.

A.3 Terms and definitions

No guidance is offered.

A.4 Symbols and;abbreviated terms

No guidance is.offered.

A.§ Détermining the relevant metocean parameters

A =g Val 1
«J. 1 UCIlICTI dl

The design parameters should be chosen after considering all of the relevant service and operating
requirements for the particular type of structure.

Selection of environmental conditions and the values of the associated parameters should be made after
consultation with both the structure designer and appropriate experts in oceanography, meteorology
and related fields. The sources of all data should be noted. The methods used to develop available data
into the desired metocean parameters and their values should be defined.

General information on the various types of environmental conditions that can affect the site of
the structure should be used to supplement data developed for normal conditions. Statistics can be
compiled giving the expected occurrence of metocean parameters by season, direction of approach, etc.
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Of special interest for the planning of construction activities, platform operations and evacuation are
the duration, the speed of development, the speed of movement and the extent of storm conditions. The
ability to forecast storms in the vicinity of a structure is very important.

If the amount of metocean data available is very limited (particularly in the early phases of a project),
the extreme and abnormal metocean conditions should be derived conservatively. If, in the judgement
of the metocean expert, there is considerable uncertainty in the data, the extremes should be set too
high rather than too low. A subsequent increase in extreme values later in a project can have both safety
and economic consequences [1].

Figure A.1 presents an overview of the process involved in developing metocean parameters.

e “
Determine range of metocean parameters required Interface with structural and
to support development operational teams
\. J

e A
Identify data needs for metocean criteria derivation
\_ J

!

r 3\
Plan data acquisition (site-specific measurements

and/or hindcast)
\ J

!

[ Acquire metocean data J

|
! '

[Site specific measurementsJ [ Hindcast J

| |
'

4 N\

[ Calibrate/validate hindcast using.sitespecific Develop response model

measurements

| . J
4 l N (" . i N\ ( . )

Derive operability Identify storms for extreme Identify storms for extreme

statistics value analysis value analysis
\, l J/ \ i J g l J/
4 M ( iR N\ 4 R N
Derive faffatie criteria Calculate empirical Calculate empirical
9 probability distribution probability distribution
\. ¢ J/ . ¢ J \ ¢ J/
e N s ™ 'Y ™
Derive criteria for short- Fit extreme value Fit extreme value
term activities distribution distribution
\& J \, J ¥ J
s ) * - N 'Y - * -
Derive associated Determine representative
parameters parameters

\. J \_ J

Figure A.1 — Overview of the process of producing metocean parameters

A.5.2 Expert development of metocean criteria

It is important to select a metocean expert(s) with experience in all facets of the process; this includes
the hardware and software associated with data gathering (in situ or remote sensing), hindcasting
procedures, data sampling and analysis procedures, and extreme statistical analysis techniques.
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The approach used to determine metocean parameters is often dictated by the available data (measured,
continuous, storm hindcasts, ship’s visual observations, satellite, radar, etc.). Understanding of the
methods used to record and analyse the data is critical; as is knowledge of how these methods and data
can influence the selection of an analysis approach or possibly bias the result. A sound understanding
of the data techniques is necessary in order to be able to account for them during interpretation of the
data sets and to apply any corrections that could be necessary to the final estimates.

Given a suitable database of measured and/or hindcast data, it is important to investigate the
sensitivity of estimates to the use of different data sets (measured or hindcast) and statistical analysis
procedures. It is important that the design engineer who will use the metocean parameters is aware of

the

uncertainty (preferably by a quantitative assessment) in the parameters provided. Rela
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.3 Selecting appropriate parameters for determining designiactions or actign effects
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cts caused by the local environment conditions. The conditions appropriate to des
essment are usually quantified in terms of the metocean parameters (e.g. a combination
e height, current and wind velocity) or the action effect (e«g,global bending moment on 4
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Hetermined set of metocean parameters (e.g. 100-yedr wave plus associated current)
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understood, they can be determined prior to ‘the detailed structural model being fin
design process is simplified (in particular, the metocean parameters do not normally
sited during detailed design). The disadvantages are that it does not tend to provide an
Icture, nor does it facilitate the use of reliability- or risk-based approaches.

shift in emphasis towards reliability-based approaches has led to the increased use o
ed methods. These require the determination of the N-year response or action effect (e
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form, in particular thpse-that respond to complex combinations of metocean actions. Hoy
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plly require a cleser’interaction between the metocean and structural models and exp
d to their full potential, the development of detailed structural response models.
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oduce the.parameter or action effect.

return period in years, for larger values of return period, can be taken as the inverse of
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the annual

bability of exceedance of a parameter (e.g. a wave height or wind speed).

Parameters appropriate to the design or assessment of different forms of offshore structure are
provided in the relevant ISO publication:

ISO 19901-3 for topside structure;

[SO 19902 for fixed steel offshore structures;
ISO 19903 for fixed concrete offshore structures;
[SO 19904-1 for floating offshore structures;

ISO 19905-1 for site-specific assessment of mobile offshore units;
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ISO 19906 for arctic offshore structures.

Three methods are discussed below for defining an environment that generates the extreme direct
action and, generally, also the extreme action effect, caused by the combined extreme wind, wave and
current conditions. Other methods are possible.

a)

b)

36

Specified return-period wave height (significant or individual) with “associated” wave period, wind
and current velocities. A similar methodology can be applied where a parameter other than wave
height dominates the action effect.

This has been the established practice for deriving wind and current extremes occurring
simultpmeously with the wave height in Some areas (€.8. USAJ. T he specitied recurn period is usually
100 years. It has also been used for deriving secondary parameters (such as wave periods), id|the
North [Sea. The “associated” wave period, current, or wind is the value estimated to corexist With
the specified return-period wave height. The method is applicable if:

— there is a statistically significant correlation between the associated value and the specified
refurn-period wave height, and

— the extreme global environmental action on the structure is dominated by waves.

In the|case where a structure’s responses are dominated by waveskone way of developing|the
associated value of a particular parameter is to find a (positive) cocrrelation between the paramgter
and the wave height. For example, assume a model hindcast hasdbeen made in a region domindted
by tropical storms. To find the associated current, one can develop a regression plot of the modefled
signififant wave height versus current velocity at or near.the peak of each storm. To accqunt
for dirfectionality, the current component in line with the significant wave height can be uped.
Assumjing this plot shows that the current is statistically~correlated with the wave, an equation|can
be devgloped for the in-line current as a function of significant wave height. The associated curfent
is then the value given from the equation using the@pecified return-period significant wave height.

If there is not a strong correlation between waves and current or if the global environmental acfion
is not wave-dominated, then there is no explicit confirmation in this method that the combination
of the|primary metocean parameter (here, wave height) and its associated parameters (here,
current and wind velocities) will appreximate to the return-period global environmental acfion
on a sfructure. By contrast, method.c) below, when correctly applied, will always provide a good
estimdte of the specified return¢period global environmental action.

When the present method isused for structures that are sensitive to wave period, the most onerjous
combination of wave heightand period can be at a different period from that associated with|the
maxinmfum specified return period wave height. Consequently, a reasonable range of variationls in
both pleriod and waye height should be investigated to determine the most onerous combination
of wavle height and‘period with the same, or higher probability of occurrence than the specified
return|period.

Specififed return-period wave height combined with the wind speed and the current velocity With
the same-specified return period, all determined by extrapolation of the individual parameters
considered independently.

This method has been used in the North Sea and many other areas of the world, normally with a
return period of 50 years or 100 years. A modified version, using the 100-year wave height and the
100-year wind speed combined with the 10-year current velocity, has been used in Norway.

The method is simple, independent of the structure, and can be determined from separate
(marginal) statistics of waves, currents and wind. It always yields results that are conservative
compared to either of the two other methods for the same specified return period when used to
determine design actions for fixed structures, but is not appropriate for floating and other types of
structure with significant dynamic response.
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‘Response-based analysis’ which requires any “reasonable” combination of wave height and period,

wind speed and current velocity that results in:

— the global extreme environmental action on the structure with the specified return

period, or

— arelevant action effect (global response) of the structure (base shear, overturning moment,

floater displacement, etc.) with the specified return period.

This method involves calculating an associated current and wind speed using the wave height
and one or several critical structural response functions (action effects), such as base shear or
overturning moment on a fixed structure or horizontal displacement of a floating structure[2].[3].[4].

Add
whyd
or d
mef
ext
and
and

Directional eifects of wind, wave and current, and water-depth fluctuation due to tde
are fully accounted for. Storms are treated as independent events and short-term., va
taken into account. The long-term distribution of the structural response is then, deter
from this its extreme and abnormal values. The same structural response function c

and surge,
riability is
mined and
hn be used

to determine combinations of metocean parameters leading to the desired return-peri¢d extreme

and abnormal responses. It should be noted that a set of parameters is not unique: se
related sets will produce the same result. In addition, the statistics can be used in the de
of partial factors for environmental actions (action effects) as described below. Re
describes the procedure in some detail.

Although this method can involve time and cost in developing software, it can provide
set of design parameters — even if there is little correlation between waves, winds an
Thus, defining the specified return-period action or action/effect has a significant advg
defining the specified return-period wave height, either'with associated or with specif]
period values of wind and current. The definition ofthe action or action effect should
arbitrary set of related wave, wind and current ¥alues that satisfies the specified ret
global environmental action or action effect, but should make a “reasonable” (expec
so as to correctly model the probable spatial distribution of global hydrodynamic a
the structure. Reasonably accurate combitiations of metocean parameters can be ded
observing the combinations that causesthe greatest responses in the storms used in
response statistics.

Care should be taken in the application of a response-based approach where the fiy
remains to be fully defined.

itional consideration should be given to obtaining extreme directactions (action effects) f
re there are strong currents that are not driven by local storms. Such currents can be driy
eep-water currents,'such as the Loop Current in the Gulf of Mexico or the Gulf Stream. I
hod a) can be accéptable if the storm-generated conditions are the predominant contrib
'eme global environmental action (action effect) and if the appropriate “associated” v
circulation €érfents can be determined. However, method c) is conceptually more straig
preferablexMethod b) is the simplest method and ensures an adequate design environmg

(ac
acti

ion effect); however, this can be very conservative compared to the true global env
n (action effect) of the required return period.

h

yeral other
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statistics of joint occurrence of wind, wave and current magnitudes and directions. When sufficient
data are available, method c) above provides the most rigorous basis for estimating extreme action
effects. The corresponding partial factors to be used in conjunction with the global environmental
action (action effect) should be determined using reliability analysis principles, in order to ensure that
an appropriate safety level is achieved. This approach provides more consistent reliability (safety) for
different geographic areas than has been achieved by the practice of using separate (marginal) statistics
of winds, currents and waves.
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A.5.4 Th

e metocean database

There are various circumstances in which site-specific data from measurements or hindcasts should be
analysed in order to produce metocean parameters, including the following:

where

regulatory requirements insist on the use of site-specific data;

conditions presented in standard guidance documents;

where the operator has field data in addition to the data used in producing the environmental

where environmental conditions are not provided in standard guidance documents or are otherwise

deemegbyamroperator to be fmappropriate;

availa

where
deriv
floati

A well-conf
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measurem
measurem

taken in comparing measured and hindcast data, in particular to addréss differences in:
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the structure’s response is such that available metocean data do not provide the basis
g appropriate metocean parameters (e.g. data to be used in the response-based analysis

rolled series of measurements at the location of an offshore structGreis a valuable referg
bstablishing design situations as well as operating conditions andassociated criteria. Becd
bnts taken over a short duration can give misleading estimates of long-term extrer
bnts are more often used to validate a hindcast over a longer\period. However, care shoul

Fal averaging (e.g. 3 h hindcast Hs versus a Hg derived from a 20 min measurement),

averaging (e.g. hindcast may deliver a Hs overya 10 km x 10 km grid versus a measy
ralue).

typically 20 years, ideally longer.

long-period hindcast data sets pf\current can be difficult due to a lack of measured d
bliable data to drive the current-models or the inability of models to faithfully reprod
dynamic processes in a region. In such cases, alternative means of addressing the imj
brm climatic variations should be considered. From a practical standpoint, this can req
measurement campaigns to capture a sufficient number of severe current event episd
for developing estimates of extremes.

lerived from shopt-term site-specific measurements should be used in preference to
Falues presented in standard guidance documents only if care is taken to adjust the recq

riatiofis during the design service life of structures can result in changes in:

evVel (mean, tide, and/or surge),
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— freque

ncy of severe storms,

— intensity of severe storms, and

— associated changes in the magnitude and frequency of extreme winds, waves and currents.

Wave height depends on wind speed, direction, fetch and duration, all of which are potentially affected
by changes in intensity, frequency and track of weather systems. The analysis of meteorological
observations is affected by homogeneity problems in historical weather maps and data.

The various application(s) for the database should be considered when determining the type(s) of
wave hindcast model calibrations which are most appropriate. For example, if a primary concern is to
derive downtime estimates for tanker-offloading operations in a mild climate (e.g. through the use of
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persistence analyses), it is important to verify the accuracy of the database for low sea states with a
broad range of wave periods and directions. If the database is also used for deriving fatigue estimates
on deep-water fixed or on bottom-founded compliant structures, the database should be verified for
the full dynamic range of significant wave heights (Hs) and wave periods (Tp or T;) in order to derive
representative directional wave scatter diagrams — perhaps together with estimates of directional
associated current profiles.

If the database is used for establishing extreme design parameters, it is important to establish that the
database is as long and as accurate as possible. A judgement should be made on the suitability of the
design parameters that have been developed, e.g. w1th respect to how cllmatologlcally representative

e data have
bee collected and whether this time was climatologically normal in terms of the frequency and
strgngth of storms.

n extrapolating metocean databases to low probabilities of exceedance, it is.assumg¢d that the

sted and, if

mefocean parameters. For some areas, the definition af-storm types is problematic, in pa
reglons where tropical cyclones lose their identity.@nd metamorphose into extra-tropi
Such storms can become very severe and their characteristics during the transition are n
understoodlé]; the derivation of extreme and abnormal metocean parameters in such ared
addjitional care.

A.5.6 Directionality
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bcations where storm tracks, storin types, bathymetry or surrounding coastal morphol

rable to provide criteria/bydirectional sectors. This can allow designers to optimize
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rnatively, sectors may be “naturally” defined based on the directionality inherent in mleasured or
cast datayWhen this is done, criteria can be specified in as few as four or five sectors. T
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yoid “over-
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structure is not compromised by the use of such criteria. The metocean specialist can

lity of the
aid in this

effort by discussing the assumptions, limitations and appropriate use of directional criteria with the

structural design team.

See reference [7].

A.5.7 Extrapolation to extreme or abnormal conditions

The problem of determining low probability values of metocean parameters has become even more
important because of the recent trend to use very rare events to directly calculate the failure probability
of a structure. It is becoming increasingly common for owners and regulators to require consideration
of the 1 000-year to 10 000-year events, i.e. the 10-3 and 10-4 annual non-exceedance probability,
respectively. Great caution should be used in extrapolating data to such extremely low probabilities.
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There are two basic methods for calculating low probability values: the historical method and the
deductive method. Both have their strengths and weaknesses.

The historical method takes data, either from measurements or model hindcasts, and fits the tail (low
probability region) of the probability distribution with appropriate extreme value distributions. This
method is well documented in reference [8].

The historical method is easy to apply. It requires simply using a curve-fitting routine (e.g. least squares
or maximum likelihood) to fit an analytical expression (e.g. Gumbel, Weibull) to data originating
from measurements or from a hindcast model. A disadvantage is that the statistical confidence in the
extrapolated value rapidly decreases for return periods greater than two or three times the length of
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Se. It follows that extrapolations to very rare recurrence intervals of 1 000 years or gre
itive, given the length of commonly available data sets.

ive method begins by breaking the regional storm type into parameters whose probab
ermined from historical data, e.g. in the case of a hurricane this could be. the radiu

bters accounting for their joint probability of occurrence. In the simplest ' case, where
are statistically independent, the probability of a synthetic storm simply becomes
the probabilities of each of the storm’s parameters. In this way, veryrare synthetic sto
tructed using storm parameters with relatively high and statistically confident probabili
5 that are statistically correlated complicate the analysis, but €éan be handled provided
‘obability distributions can be deduced from the historicaldata. The main disadvantag
ve method is that it is time-consuming to apply, and in regions where storms are physiq
d it can be impossible to derive parameters that adequately describe the storms.
method is applicable only if the extreme event is due‘to a rare combination of parame
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hpolating data sets, the following recommendations and considerations are relevant:

een argued that some distributions are theoretically superior to others. However, experie
pwn that the most robust extreme estimates are obtained by finding the distribution
ubset of a reasonable number of the more extreme data points most closely, using an er
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izing algorithm (e.g- maximum likelihood method).

When fitting data, careShould be taken not to mix data from one type of storm event (e.g. wi

stormg) with data from another type of storm event (e.g. hurricanes). The probability distribut
of the fwo types dfextreme event are often a strong function of the storm physics (storm type),
mixing storm types can lead to non-conservative estimates of the extremes; each storm type shd
be fitt¢d separately and then the combined statistics computed.
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Fitting should include a sufficient number of storms to achieve statistical confidence in the fit.

The statistical uncertainty in estimated extreme parameters increases as the extrapolation extends

beyond the length of the data set. Metocean parameters with return periods up to a factor of three
beyond the length of a statistically stationary data set can be estimated with some confidence.
Where more extreme extrapolation is required, care should be taken to account for the increased
level of uncertainty by, for example, providing a range of possible values and an indication of the
confidence levels associated with each.

Bias should be removed from the data, whether the data are from measurements or from hindcast

modelling. Biased data can lead to substantial offsets in the estimates of rare events which can
be non-conservative because of the extrapolation process. Scatter (noise) increases the confidence
limits on the extrapolations and can introduce positive bias. The bias tends to increase as one

extrap

40

olates further beyond the data.
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Generally, it is preferable to extrapolate a noisy data set of longer duration rather than a shorter-
duration cleaner data set. For example, a 50-year model hindcast data set to estimate the 100-year

storm is preferred to a few years of measurements, even though the hindcast results can
scatter than the measurements. This assumes that bias has been removed from both da

have more
ta sources.

It is emphasized that any model used to extrapolate data should be carefully validated against

available measurements.

A variety of different techniques should be considered before deciding on an extreme value, e.g. the

use of different thresholds, different distributions, annual maxima, peak-over-threshold
cumulative frequency distribution analyses.
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imposed by physical constraints, e.g. the wave-breaking limit in shallow water.

Confidence in estimates of rare events can often be improved by pooling data from ng
especially in places where storms are sparse. Pooling is straightforward if the data

gridded hindcast model. There are other methods of reducing statistical uncertain
averaging extreme estimates from adjacent sites, but research suggests)that these car
bias and are inferior to pooling. Regardless of the method used, one should take great car¢
sites that can be expected to be different from the site of interest-because of a differil
environment. For example, wave data from shallow-water sites'should not be pooled
data from a substantially different water depth. The other condern with pooling is that
close to one another are used, they will not provide independent realizations of the en
Use of highly correlated nearby sites cannot only give a’false sense of confidence in exf
the concern has also been expressed that use of correlated points can lead to a low bias i
the distribution. The optimal pooling distance depénds on the storm type, storm lengt
local physical constraints (e.g. fetch limits in the'case of waves, proximity to slope for
currents), so that optimal separation distances for site pooling need to be carefully cons
case-by-case basis.

.8 Metocean parameters for fatighe assessments

8.1 General

e-varying stresses in an effshore structure are due to time-varying actions caused
h or without currents), gust winds and combinations thereof. Time-varying stresses f(
pssment are characterized by the number of occurrences of various magnitudes of s
ximum stress minus.preceding or following minimum stress), in some cases suppleme
in value of the stress range. Determination of the relevant metocean parameters shoul
punt of the required characterization for each case.

8.2 Fixed structures

able stresses during the in-place situation of fixed structures (either steel or concrete)
Lt winds and waves, with or without the simultaneous presence of a current. The varial]

cau
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be neglected.

The effect of current is normally not taken into account, for the following reasons:

— current velocities co-existing with waves in other than extreme or abnormal environmental
conditions are usually small and not in the same direction as the waves;

— the influence of current on stress ranges is generally much smaller than the influence on the
maximum stress experienced.

The minimum requirement for the fatigue assessment of a fixed structure during the in-place situation
is therefore an appropriate description of the site-specific wave environment during its design service
life. This is ideally provided by the long-term joint distribution of the significant wave height (Hs), a
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representative wave period (T or Tp), the mean wave direction (0 ) and the directional spreading
around the mean wave direction. Wave-directional spreading is usually neglected or accounted for by a

standard spreading function independent of the other three parameters (see A.8.3.2).

The long-term distribution should cover either the full duration of the design service life or
duration of a typical year. If annual distributions are used, it is assumed that the conditions during
typical year repeat themselves each year during the design service life. Seasonal distributions are
appropriate for fatigue assessments.

Where a determlnlstlc fatigue assessment can be used for qu351 statlcally respondmg structures,
site-specifi i
term marg
scatter dia

Where vorftex-induced vibrations (VIV) due to currents in the in-place situation are important,
long-term marginal distribution of site-specific current speeds should also be determinged.

the
the
not

the

For VIV du¢ to wind action in the pre-service condition, the long-term marginal distribution of sustained

wind speedls during the construction period should be made available.

Where varfable stresses due to gust winds cannot be disregarded (e.g. for separate support struct

res

for vent stgcks or flare towers), the two- or three-parameter wave scatterdiagram should be repldced
by a three} or four-parameter scatter diagram of the joint occurrengé of waves and winds. In quch

special cases the waves are as usual specified by Hs and T or T, supplemented if possible by 6,
the wind i normally specified by the sustained wind speed Uy as.being the parameter represent
of gust wirlds (see A.7.4).

For slendef structural components above water (e.g. drilling derricks, flare towers), the long-t
marginal dlistribution of sustained wind speeds should suffice for a fatigue assessment due to excita
by both gupt winds and vortex induced vibrations.

Requiremdnts and guidance for the fatigue assessinent of fixed steel and fixed concrete structures
given in ISP 19902 and ISO 19903 respectively:

A.5.8.3 Floating structures

In principle, the specification of all\environmental conditions that are expected to occur during
floating structure’s period of exposure is along similar lines as that for fixed structures. However,
behaviour jof a floating structure/under environmental actions is normally more complex than thz
a fixed strficture. Therefore, the long-term joint distribution of relevant metocean parameters shc
comprise more parametefsythan for fixed structures.

Floating sfructures-experience oscillatory motions in six degrees-of-freedom due to wave act
Additionally, floating/structures are subjected to slow variations in their position and their orientaf
as a result|of théssimultaneous effects of wind, current and waves. The relevant metocean parame
and the wy in which these are spec1f1ed should suit the procedure being used. For requirem¢
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A.5.8.4 Jack-ups

mi-

For requirements and guidance for the fatigue assessment of a jack-up during a site-specific application,

see [SO 19905-1.
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A.5.9 Metocean parameters for short-term activities

A.5.9.1 General

Almost all short-term offshore operations, and some offshore-related aviation operations, are sensitive
to the accuracy, reliability and timeliness of weather forecasts. Planning prior to the operation is
essential to enable safety plans to be properly completed, cost estimates to be accurately determined
and any capacity limits on accommodation or transport to be defined.

The most common technlque used in such planning exerc1ses is the S0- called perSIStence or “weather-

: : uration of
rent speed.
cessary, in

”

10 years) of a metocean varlable such as 51gn1f1cant wave helght mean w1nd speed or cuy
Mofe sophisticated analyses of multiple parameters (including wave period) can_be ne
particular for operations involving floating systems.

EXAMPLE In order to plan a required operation at an installation safely, the average number ¢f occasions
in the months June to August when the significant wave height at a specific location ¢ah-be expected|to be below
1,5 m for a period of 36 h or more, when at the same time the wind speed should-be less than 10 /s, and the
spe¢tral peak wave period is less than 9 s, can be evaluated. It can be necessary.to modify an operatfion to allow

the |imiting criteria to be relaxed.

In 4
ofte
way

1l cases, weather forecasts are likely to be needed both before-and during the operations, and it is
n worthwhile to collect real-time data on critical metoceafirparameters (such as wind|speed and
e height/period) during the operation in order to assist with the accuracy and timing of thg forecasts.

Refi
refe
the

brences [1] and [9] provide examples of applications*of operations requiring metocean data, and
rence [10] describes the types of metocean analyses'which are often needed in studies|to support
planning of floating systems operations.

A.5{9.2 Metocean parameters for medium-térm activities

For| medium-term activities such as trahsportation, the risk of encounter of extreme |conditions
is dependent on the length of time that‘the transport spends in those route sectors where extreme
conglitions are possible. If the length of time is reduced, then the probability of encounteripg extreme
confditions is similarly reduced.

It is bria should
be 1
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generally accepted that fora prolonged ocean transport the wind and wave design crit
hose with a probability~of exceedence per voyage in the range of 0,01 to 0,1. The exceefence level
vided by the metocean expert should be matched to the design procedure being used and the
1lirements of theaharine warranty surveyor to ensure an overall target reliability is achlieved. The
bedence per voyage refers to the probability of a parameter (e.g. significant wave hejght) being
beded over thee-course of a voyage. This should not be confused with percent exceedgnce values

con
par
affe
req

puted on-the basis of exposure during a voyage, which refer to the percentage of tin
hmeterWill exceed given levels (and which can be of interest in estimating fatigue damag
cted By tropical cyclones, slow tows which cannot avoid cyclones may need to meet an
1irement of satisfying a seasonal cyclone condition (e.g. 10-year monthly extreme) Ina
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1-year monthly extremes if they are higher.

A.6 Water depth, tides and storm surges

A.6.1 General

Changes in relative stillwater level comprise several components, including atmospheric tides, storm
surge effects, changes in mean sea level, vertical movement of the earth’s crust, settlement and
subsidence. Records in areas such as northern Europe over the past 100 years show a downward trend
in relative stillwater level, because the crust in this area is lifting at a faster rate than the rise in actual
sea level. Apart from sudden tectonic movements, such as earthquakes, changes in relative sea level
from tectonics and isostasy are unlikely to be significant during the design service life of a structure.
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However, there can be significant local crustal movements over periods of decades or so caused by local
effects, such as sediment compaction and subsidence, including the effects of reservoir compaction.

Global sea level, and hence stillwater level, has been rising and is expected to continue to rise with
climate change through the 21st century and beyond; the magnitude of the increase is not expected to
be uniform over the globe. See reference [11].

Changes in water depth due to changes in stillwater level cause little change in tide and surge elevations
unless depths are modified by many metres.

A.6.2 Tides
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btimates of the water depth and of the fluctuations in water level (HAT, LAT, extreme, st
hnd extreme total still water level) are derived from site-specific measurements -with

timates of extreme tides, including HAT and LAT, require at least one complete year of h
a from one location.

fanalysing water level data requires:

sion of pressure measurementsto equivalentdepths, using density/temperature/atmosph
re corrections,

Fion of tides over 19 years (to account for the 18,6 year precession of the lunar nodes)
fion of HAT and LAT,
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b or the nearest available tide gauge.
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estimates ¢f the tidal range at a given site can be obtained from one month of measured’data. Hows
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A.7 Wind

A.7.1 Ge
When mak

neral

ing wind measurements, it is recommended that:

— the height of the wind measurement above mean sea level be known and be sufficiently high to be
clear of disturbances to the airflow from the wave surface or from the structure,

— the averaging time of the wind speed measurement be known,
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— theairand seatemperatures be measured to enable an evaluation of the atmospheric stability which
can affect the wind profile and the wind spectrum (see A.7.3 and A.7.4) in low wind conditions,

the anemometer not be aerodynamically shielded.

Reference [12] contains guidance on suitable measuring instruments and their use.

Measurements at a location away from the site of interest can be misleading, e.g. because of a sharp
gradient in wind speed near a coastline. If it is decided to use such measurements because site-specific
measurements are not available, allowance should be made (e.g. by the use of numerical models) for
such effects. Wind measurements made over land should be corrected to reflect over-water conditions.

Wir
eley
eley

A.7

Wh
ext
tim

For
reli
use
be ¢

Imp

Wh
the

In 9
exa

d data should be adjusted to a standard elevation of 10 m above mean sea level (th
ation zy) with a specified averaging time such as 1 h. Wind data can be adjusted®o a
ation different from the base value by using the wind profile given in A.7.3[13],

.2 Wind actions and action effects

en determining appropriate design wind speeds for extreme and abnormal conditions, th
'eme wind speeds in specified directions and with specified reference elevations and
bs should be developed as a function of their recurrence interval.

most offshore locations, long enough records of in situ wind,data will not be available t
hble estimates of extreme and abnormal wind speeds. In{such cases hindcast data are
ful. Even when hindcast data are available, calibration of'the hindcast against measuremg
arried out if possible.

ortant aspects of measurements to note (whetherfor direct use or as calibration data) a

the measurement site, date of occurrence,magnitude of measured sustained wind sp
directions and gust wind speeds for the recorded data that were used during the devs
extreme and abnormal winds,

the type of storm causing high winds; which is significant when more than one type of st
present in the region.

bn determining appropriate-design wind speeds for normal and short-term conditions
following types can be desired:

the frequency of octurrence of specified sustained wind speeds from various directio
month or season;

the persistence/of sustained wind speeds above specified thresholds for each month or §
the probable gust wind speed associated with sustained wind speeds.

ome instances the spectrum of wind speed fluctuations about the mean should be sp
hiple, floating and other compliant structures in deep water can have natural sway per
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Data on wind spectra are given in A.7.4.

lctuations.

For most purposes a relatively simple wind model, consisting of the scalar Formula (A.1) in the mean

win

d direction Oy, suffices:

Uw(z,t) = Uw(2) + uw(z,t)

where

Uw(z,t) isthe spatially and temporally varying wind speed at elevation z above mean

and at time instant ¢;
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Uw(2) is the mean wind speed at elevation z above mean sea level, averaged over a specified
time interval;

uw(z,t)  isthe fluctuating wind speed at elevation z around Uy,(z) and in the same direction as
the mean wind.

The wind speed in a 3 s gustis appropriate for determining the maximum quasi-staticlocal actions caused
by wind on individual components of the structure, whereas 5 s gusts are appropriate for maximum
quasi-static local or global actions on structures whose maximum horizontal dimension is less than 50 m,
and 15 s gusts are appropriate for the maximum quasi-static global actions on larger structures.

When desi|gn actions due to wind need to be combined with actions due to waves and curretit,|the
following qre appropriate:

— for strjictures with negligible dynamic response, the 1 h mean wind can be used to determine quasi-
static global actions caused by wind in conjunction with extreme or abnormal quagi<Static actjons
due to[waves and currents;

— for strfictures that are moderately dynamically sensitive, but do not require-a full dynamic analysis,
the 1 miin mean wind can be used to determine quasi-static global actions-caused by wind, agaiy for
wind i conjunction with extreme or abnormal quasi-static actions due te-waves and currents;

— for strpictures with significant dynamic response to excitation with/periods longer than 20 s, a|full
dynantic response analysis to fluctuating winds should be considered.

A.7.3 Wind profile and time-averaged wind speed

Measurements of representative offshore conditions, in strong, nearly neutrally stable atmospheric
wind condjtions, suggest that the mean wind speed prefile Uy (z) in storm conditions can be njore
accurately(described by a logarithmic profile as givendh Formula (A.2) than by the power law pr¢file
traditionally used:

Uw1n(4) = Uwo [1 + CIn(z/2))] (h.2)

where
Uw,1n(%) isthe 1 hsustainedwind speed at a height z above mean sea level;

Uwo is the 1 h sustained wind speed at the reference elevation z; and is the standard refefr-
ence speed forsustained winds;

C is a dimensionally dependent coefficient, the value of which is dependent on the refef-
ence-elévation and the wind speed, Uy. For z; = 10 m, C = (0,0573) (1 + 0,15 Uyyo)1/2
where Uy is expressed in metres per second (m/s);

z is the height above mean sea level;

Zr is the reference elevation above mean sea level (z; = 10 m).

For the same storm conditions, the mean wind speed for averaging times shorter than 1 h may be
expressed by Formula (A.3) using the 1 h sustained wind speed Uy, 1n(z) of Formula (A.2):

U@ = Uw,10(2) [1-0,41 L4(2) In(T/To)] (A3)

where additionally

Uwt(z) isthe sustained wind speed at height z above mean sea level, averaged over a time inter-
val T<3600s;
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Uw,1n(z) isthe 1 h sustained wind speed at height z above mean sea level, see Formula (A.2);

T is the time-averaging interval with T < Ty;

To is the standard reference time averaging interval for wind speed of 1 h =3 600 s;

Lu(2) is the dimensionally dependent wind turbulence intensity at a height z above mean sea

level, given by Formula (A.4), where Uy is expressed in metres per second (m/s):

-0,22
I,(2) = (0,06)[1+0,043 Uyq ] (i)

(A4)
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equations in this subclause are typical engineering equations derived from curye-fitti

lable datal13] and contain numerical constants that are valid only in the SI units of mettes a
E1 Approximations to Formulae (A.2) and (A.3) using a power law can be adequate.

E2 Intheabsence of further information on tropical storm winds in the region of interest, the
also be applied to this storm type.

E3 The above equations are not valid for the description of squalliwinds, since the duration

.4 Wind spectra

d turbulence, i.e. the dynamic properties of the wind,depends on the stability of the af

hg through
hd seconds.

e equations

bf the squall

mospheric
sea and on

mean wind speed. The equations in this subclause for the dynamic wind properties are dppropriate

nearly neutral (slightly unstable) atmosphieric stability in storm conditions[13]. H
ospheric conditions where (in)stability issimportant, and for weaker wind conditio
plex formulation that allows deviationsfrom neutral stability is more appropriate.

fluctuating wind speed uw(z,t) (turbulence) can be described in the frequency domain
Ctrum, analogous to the way in which the wave spectrum describes the water surface elé
3). The spectral density function of the longitudinal wind-speed fluctuations at a particu
Ce can be described by the gne-point turbulence spectrum of Formula (A.5):

y

w0

(320 m? /s) [

or general
s, a more

by a wind
vation (see
lar point in

S(f,z) = : nri_f e s (A.5)
1+ 7]
re
S(fz) is the wind spectrum (spectral or energy density function) at frequency fand ¢levation
-
Uwo is the 1 h sustained wind speed at the reference elevation z, (the standard reference
speed for sustained winds);
Uref is the reference wind speed, Urer = 10 m/s;
f is the frequency in cycles per second (hertz) over the range 0,001 67 Hz < f< 0,5 Hz;
z is the height above mean sea level;
Zr is the reference elevation above mean sea level (z = 10 m);
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is a non-dimensional frequency defined by Formula (A.6) where the numerical factor 172

has the dimension of seconds (s):

2/3 —-0,75
F=(1725)f [i] —wo. (A.6)
Zy Uref
n is a coefficient equal to 0,468.

Figure A.2 shows wind spectra for 1 h sustained wind speeds of 10 m/s, 20 m/s and 40 m/s and

elevations of z=10m and z=40m
R}
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w
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310 m, Uy = 20 m/s f z=40m, Uyg =10 m/s
Figure A.2 — Examples of wind spectra
The variance“{i.e. the square of the standard deviation) of the wind speed fluctuations about|the
mean wind speed is by definition equal to the integral of the spectral density function over the entire

frequency range from f = 0 to f = co. However, the data from reference [13], from which the spectral
formulation in Formulae (A.5) and (A.6) has been derived, extend from f= 1/600 = 0,001 67 Hz to
f=0,43 Hz = 0,50 Hz. The integral of the spectrum over frequency can thus only reflect wind speed
fluctuations within this frequency range. Therefore, the integral of the spectrum will only correspond
with a part of the total variance of the wind speed, and so caution should be exercised when relating
the integral to available measurements to ensure that comparable frequency ranges are compared. It
should further be noted that S(f, z) from Formula (A.5) does not go to zero below the lowest frequency
of f=1/600 Hz considered in the measurements.

For practical applications, the wind spectrum at a point should be supplemented by a description of the
spatial coherence of the fluctuating longitudinal wind speeds over the exposed surface of the structure
or the structural component. In frequency domain analyses, it can be conservatively assumed that all
scales of turbulence are fully coherent over the entire topsides. However, for some structures, it can be
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advantageous to account in the dynamic analysis for the less-than-full coherence at higher frequencies.
The correlation between the spectral energy densities of the longitudinal wind speed fluctuations at
frequency fbetween two points in space can be described in terms of the two-point coherence function.
The recommended coherence function between two points P1(x1, y1, z1) and P(x2, y2, z2), with
along-wind positions x1 and x2, across-wind positions y1 and y3, and elevations z1 and zy, is given by

Formula (A.7):
3 1/2

1
Feon(f,P1,Py)=expi———| D" (4;)? (A7)
Uwo [ i3

whére

Fcon(f,P1,P2) 1is the coherence function between turbulence fluctuations at P1(X;31, 41) and at
P2(x2,y2, 22);

Uwo is the 1 h sustained wind speed at 10 m above mean sea leyel, in metres|per sec-
ond (m/s);
Aj is a function of frequency and the position of the twe‘points P1 and P5.

Ajig calculated from Formula (A.8):

-p;
, [z
A; :a,-fr' (Di)q’ (—gJ in metres per second (m/s) (A.8)
ZI"
whére
f is the frequency, in hertz (Hz);
D; is the distance, expressed in metres (m), between points P1 and P; in the¢ x, y and z

directions for i = 1, 2(anid 3 respectively, see Table A.1;
Zg is the geometrical mean height of the two points, zg = (z1-22)1/2;
Zr is the reference elevation above mean sea level, z, = 10 m;

ai, pi, giand r;  are coefficients given in Table A.1.

Table A.1 — Coefficients in Formula (A.8) for points P1 and P

i D; Qj pi qi T

1 X1 - X2 2,9 0,4 1,00 0,92
2 1 -yl 45,0 0,4 1,00 0,92
3 |21 - 23 13,0 0,5 1,25 0,85

A.8 Waves

A.8.1 General

The main factors to be considered when assessing the properties of waves at a particular site and their
influence on the design, construction and operation of structures are described below.

— Fetch limitations

Wave growth is restricted by fetch length and width if the waves are generated by local winds.
Reference [14] provides simple parametric expressions quantifying these effects, while more complete
numerical models referenced below include these processes for much more general geometries.
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Nonlinear wave effects

In extreme storms, even in deep water, individual waves exhibit nonlinear behaviour. In shallow
water, even under normal conditions, waves also exhibit nonlinear behaviour, as they are affected by
the sea floor. In deep water, for waves that are not too high or too steep, linear wave theory (Airy) is
adequate for describing the kinematics of the waves, but for higher or steeper waves in deep water
and in shallow water, higher-order theories are more appropriate to describe wave properties, such
as the crest elevation and kinematics. Water can be taken as shallow when the water depth/deep
water wavelength of the spectral peak frequency is less than approximately 0,13(8l.

Refraction

As wapes propagate into shallow water, their speed (which depends on their period and|the
local water depth) is reduced and they are refracted. For simple bathymetry and single wave
periods, refraction can be estimated using Snell’s Law or by ray plotting techniques as.described
in refefrence [14]. For more complex bathymetry and short-crested waves, a numerical method is
more gppropriate. Refraction can result in both increases and decreases in wave_energy/heights
as wel| as in changes in direction between adjacent sites within a shallow wdter’area, depending
on the| bathymetric configuration. Currents can also cause refraction and-should be considefed,
particyilarly where tides or rivers create strong currents.

Diffrartion and reflection

These processes can be important when waves encounter a protruding object, such as a breakwhter
or an ifland. The potential for focal points of wave energy occufring behind nearby islands or fea-
mounts should be considered.

Shoaling and wave breaking

As a pgriodic wave propagates into shallower wates;;its length is reduced but its period remains|the
same. For random waves it may be assumed that\the spectral peak period remains the same. This
procegs is known as shoaling. As the wave céntinues to propagate into shallow water, the wave
steepens until the particle velocity at the crést exceeds the speed of the wave and breaking results.
In shallow water with a flat seabed, the.empirical limit of the wave height is approximately 0,78
times the local water depth for waves that are long-crested. The wave height of short-crested wgves
roach 0,9 times the local water depth. The breaker height also depends on beach slop¢. In
deep water, waves can break withya theoretical limiting steepness of 1/7. In addition, nonlineajrity
in the $ea state can increase thewave height due to nonlinear shoaling.

Crest ¢levations

An acqurate description of the distribution of extreme crest elevations at the site is needed to
establish the minimiim deck elevation of bottom-founded structures and to establish the likelihjpod
of wave impacton the underside or deck of semi-submersibles. Wave-structure interactions [can
affect frest elevations, in particular where structures have large diameter columns. Shoaling and
nonlinpar<processes affect crest elevations as waves move into shallow water. The proportioh of
the wave-height above nominal still water increases as the water becomes shallower.

Bottom dissipation

As waves move into shallow water, the horizontal oscillatory velocities at the bottom become large
and turbulent dissipation results. This process can be modelled in present-day hindcast models, as
shown in reference [15].

Wave-wave interaction

Detailed directional wave spectra at several sites were examined in reference [16]. It was found
that the evolution of the wave spectrum could be parameterized as a function of local water depth.
[t was proposed that this was due to the nonlinear wave-wave interactions between different wave
frequency components.
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Infra-gravity waves

These are surface gravity waves with periods in the range of roughly 25 s to 300 s. In principle

they can be generated by different physical processes, but are most commonly assoc

iated with

waves generated by nonlinear second-order difference frequency interactions between different
swell wave components. As swells propagate over shallow water, forced infra-gravity wave energy
associated with swell wave interactions can be released and propagate freely. Forced and free
infra-gravity wave energy can be reflected from shore and can become trapped in shallow water
due to refraction (edge-waves) or can propagate back out into deep water (leaky waves). Except in

the surf zone, amplitudes are normally on the order of tens of centimetres. They are of
importance when their periods match those of shallow-water moored vessels with ligh
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plly through a comprehensive numerical wave model that includes the relevant\process
[ve. Reference [17] shows how accurate wave models have become.

h hindcast models in either deep or shallow water:

surge responses, and dynamic responses result.

iew of the complexity of shallow-water processes, the best method of calculatifig-way

mates from many locations around the world indicate that the following‘accuracies can i

mean error (bias) in Hg of 0,1 m;
coefficient of variation of 10 % to 15 % for storm peak Hg;

coefficient of variation of approximately 20 % for all“#s over long continuous perio
year hindcasts).

vave sensor or wave model is ideal in its ability toa€¢urately measure waves or reproduce
1 as a reference base. For example, operating,constraints on bottom-founded offshore
uently mean that platform-mounted sensors;do not measure the undisturbed sea surfacg
re buoys do not respond ideally in high sea states, in particular they underestimate

he input wind fields used to drive them. The strengths and weaknesses of any particull
11d be recognized throughout the'process of its analysis and interpretation.

bn using hindcast data, care.should be taken to ensure that hindcast waves are cons
specific and reliable measured data recorded over the same period. In particular, the sy
porally averaged natun€ of hindcast data and the sampling noise inherent in many me
h sets should be takermrinto account, and one or both data sets should be factored if neces
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Experienced-experts, knowledgeable in the fields of meteorology, oceanography and hydr
shopld be_consulted when developing wave-dependent environmental conditions and
mefioceaiparameters. In developing sea state data, either in the form of statistical
chafracterizing the sea state or in the form of representative individual waves occurring wi

ysing wave ddta and calculating extremes can be found in references [8] and [2].
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For normal conditions and short-term activities (for both seas and swells):

iy

the probability of occurrence and the average persistence of various sea states for each month

and/or season (e.g. environmental conditions with waves higher than 3 m from specified
directions in terms of general sea state parameters, such as the significant wave height and the

mean zero-crossing wave period);

2) the wind speeds, tides and currents occurring simultaneously with the above sea st
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3) the percentage of significant or individual wave heights, directions and periods within speci
ranges (e.g. 3 m to 4 m high waves from the SE quadrant during each month and/or season)

b) For extreme and abnormal conditions:

Estimated extreme and abnormal wave heights from specified directions should be developed
presented as a function of their return periods. Other data that should be developed include:

1) the probable range and distribution of wave periods associated with extreme and abnor
wave heights, for the specification of individual design waves,

fied

and

mal
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prpducing extreme and abnormal wave heights,

3) the tides, currents, winds and marine growth likely to occur simultaneously with the sea s
prpducing the extreme and abnormal waves.

A.8.2 Wa3ave actions and action effects

When condidering extreme and abnormal conditions for design situations, the(following points shg
be considefed:

— The maximum height of an individual wave with a given return period-s, in general, higher than
most grobable maximum wave height of a 1 h or 3 h sea state withrthe same return period.

— The highest action on, or the largest action effect in, a structure is not necessarily induced by
highesft sea state or the highest wave in a sea state. This is du€ to the sensitivity of structures to
frequency content of waves in a sea state, and the geomet¥ric particulars of the structure concert}

— Waves|and currents can create seabed scour around;objects on or near the sea floor that obst
free flpw conditions. Examples where scour can o¢cur are around the legs of structures and j
ups, arjound subsea templates and underneathpipelines.

— Loads pn submarine pipelines are complicated, because drag and lift loads are functions of the |
of steady current to wave orbital velocityand the Keulegen-Carpenter number.

A.8.3 Sea states — Spectral wayes
A.8.3.1 Wave spectrum

A.8.3.1.1 |General
The shape pf wave spégtra varies widely. The two broad classifications of sea state are:

— Wind geas: Generated by the local wind; the corresponding shape of the wave spectrum will t
dependl onithe wind speed, the fetch length of the wind over open water and the duration du
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which [th® wind has been blowing. Within wind seas there is a further distinction between w

ave

conditions that are fully developed and wave conditions that are still developing. In the first c
the sea is in a state of equilibrium: the energy input by the wind and the energy dissipation in
wave processes are in balance. In the second case, there is net energy input and the waves
consequently still growing.

ase,
the
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— Swells: These are wind-generated waves that have travelled far from the generation region. Swell

waves have no relationship with the local wind regime.

Spectral fitting is used to determine the parameters of parametric wave spectral shapes. In addition, for
design it is sometimes required to separate the swell components of the wave spectrum from the wind
sea components of the wave spectrum. To achieve this, spectral splitting and fitting is required. There
are various methods of spectral splitting, from simple frequency division at a nominated frequency
(such as 0,1 Hz/10 s) to complex wave-train tracking algorithms. Spectral splitting is used to provide
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a swell and/or wind sea spectral description which can be associated with ambient conditions (as
required for fatigue and operability assessments) and for extreme design conditions.

Some of the parametric formulations of the wave frequency spectrum S(f) most frequently used in the
offshore industry are presented below.

A.8.3.1.2 The JONSWAP spectrum and Pierson-Moskowitz spectrum

The JONSWAP (Joint North Sea wave project) wave frequency spectrum is a modification of the Pierson-
Moskowitz spectrum. The JONSWAP wave spectrum was originally formulated in terms of wind speed

andnon-dimensional fetch A form such asthe one prnpncpd bv Godall9] which is PYpI"PQQPd in terms of
significant wave height, peak spectral period and peak enhancement factor y, is much mote fconvenient
for gngineering purposes:
—4

S (f) = aH2T *F° exp{—l,ZS(Tpf) }yﬂ (A9)

whére
0,0624
o= : =) (A.10)
0,230+0,0336y —0,185(1,9+7 )
2
(Tpf B 1)
[ =expi——— (A.11)
202
_|o, when f<f o =007

o= {ab when f > f and GZ —-0409 (A.12)
In the above expressions

y is a non-dimensional peakedness parameter (when y = 1, the JONSWAP spectrum reverts

to the Pierson-MoskowitZ spectrum);

fp is the peak frequéncy;

o is the spectral)iwidth either side of the spectral peak.
The values of o above*and below the peak frequency of 0,07 and 0,09 used in the Goda fprmulation

cor
the

‘espond to thé.mean values measured in the original JONSWAP formulation. It is comion to use

bet
The

e values in-the absence of other derived values. However, the values for o and y can v
veen diffepent times during the development of the sea and between different sites arounc
refore,;When fitting measured spectra, the values of a, 0 and y may be varied to optimize

ary widely
the world.
the fit.

A.8|3.1.3 Swell Gaussian spectra

Wave frequency spectra for swells are generally much narrower in frequency content than spectra for
wind seas. Long-period swells from distant storms are more or less symmetrical in shape around the
swell peak frequency. Even so, the swell spectrum is frequently described using a JONSWAP function
with a large peak enhancement factor. Use of the JONSWAP function has the advantage that the spectral
shape of shorter-period swells, which tend to have broader spectra particularly above the peak
frequency, can be described well. In addition, the JONSWAP spectrum does not leak energy below zero
frequency. Nevertheless, the symmetric normal or Gaussian function is generally considered to be a
better descriptor of swell, particularly long-period swell.
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A symmetric swell spectrum can be defined in complete analogy with the normal or Gaussian
probability density function as:

2
_HZ 1 1 f-fp
S(f)—Eggmexp _E{ o ] (A13)

where

is the peak frequency;
fp p q y

og is the parameter defining the width of the symmetric swell spectrum (equals the standafd
deviation of the Gaussian function).

Typical vajues of o8 vary from 0,05 to 0,015. In application, spectral fitting should .generallyj be
undertaken to determine the range of values of the standard deviation.

In applying a Gaussian spectrum to design, care should be taken with the low frequency side of|the
spectrum, ince values of the standard deviation (higher than ~0,01) can intrdduce energy at very[low
frequencief, including the zero frequency. For dynamically sensitive facilities;this can cause excespive
and unrealfistic responses.

A.8.3.1.4 |The Ochi-Hubble form for bimodal seastates

The Ochi-Hubble spectral forml20] was developed for the purpeseof describing dual-peaked (bimogal)
wave specfra. The full bimodal spectrum is formed by combining two sea state partitions as:

Stotal]) = S1(f) +S,(f) (Al14)

Typically, ¢ne of these partitions describes a longer period swell component and the other partifion
describes ghorter period seas. Each partition of-the spectrum is defined as:

4 4 A 2
SN+ M exp| (L) (2R (al15)
2 r,) @nf) it 4 f
where
Hg i is thegignificant wave height of the ith partition of the spectrum;

foi(§1/Tp)  is‘the peak spectral frequency of the ith partition;
Ai is the spectral peak enhancement factor of the ith partition;

r is the mathematical gamma function.

Note that since spectral energy is proportional to wave height-squared, the significant wave heights of
the two spectral partitions do not add linearly. Rather, the overall significant wave height in a bimodal
Ochi-Hubble spectrum is given by:

2 2
Hs,total =y Hs,l + Hs,Z (A.16)
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3.1.5 General multi-modal spectra

The Ochi-Hubble spectrum is just one multi-modal spectral form. In general, multi-peaked spectra can
be formed simply by adding spectral partitions as:

Stotal(f) = Zsl(f)
i=1

If multi-peaked spectra are specified, the overall significant wave height is:

(A.17)
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Hs,total = \/Z Hs,i
i=1

sethaugen [21] developed sets of bimodal spectra typical of the northern North Sea by
s of JONSWAP spectra. In regions where the Gaussian spectrum is used té\describe |
lls (e.g. Nigeria) the Gaussian swells might be combined with a JONSWAP partition to de
5. In swell-dominated regions, it can also be advantageous to specify multiple-swell pz

as a sea. In such cases, n is three or higher. In principle n can be arbitrarily high, but
is higher than three it can be more straightforward to use a disctete numerical descrij
Ctrum rather than using a parameterized form.

3.1.6 Applications

most appropriate form of the wave frequency spectrum for an offshore structure d
geographical area, the severity of the sea state, whether the sea state is fully develope

(A.18)

combining
png-period
cribe local
rtitions as
in practice
tion of the

epends on
d or is still

ving, and the application concerned. For examplesfor a short-term North Sea design stor

condition,

a unidirectional JONSWAP spectrum can be most appropriate, whereas for the modelling of a series of

sea
mol
spe
sea

Ctrum composed of a low-frequency swell spectrum from one direction and a high-freq
spectrum from a different direction-¢ould be appropriate.

states for a long-term fatigue analysis direetionally spread, Pierson-Moskowitz spectrp are often
e appropriate. Similarly, for vessel downtime studies offshore West Africa, the use offa bimodal

ency wind

Waye spectral shapes in shallow water do not generally conform to either the Pierson-Mdskowitz or
the[JONSWAP forms, although_asmodified version of the JONSWAP spectrum is sometime$ used (see
refdrence [16]).
A.8]3.1.7 Definition of frequency
Thg wave frequeneyCan either be expressed in terms of w in radians per second (rad/s) or ih terms of f
in clycles per second or hertz (Hz). The relationship between these two frequencies is:
2
o = 2mpt =2 (A.19)
T
Since the energy per frequency band remains the same, i.e

the relationship between the two alternative expressions of the wave frequency spectrum is given by
Formula (A.20):

©IS

S(f)=2%-S(w)
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A.8.3.2 Directional spreading

A.8.3.2.1 General

The directional characteristics of wave spectra are often assumed to be independent of frequency,
allowing a separation of variables so that the directional wave spectrum can be expressed as the
product of a wave directional spreading function D(0) (see A.8.3.2.2), independent of frequency,
and a wave frequency spectrum S(f), which is independent of direction. The general relationship in
Formula (A.21):

S[f,@) S(A) (A 21)

) J

is then replaced by Formula (A.22):
S(f,0)[= D(0)-5(f) (A}22)

where the flirectional spreading function by definition satisfies the relationship:

jD(e)d9=1 (A23)

Standard formulations for the directional spreading function can be-found in the literature, for example
in referende [8]. However, detailed directional wave information.is' not always available. In practical
applicationfs, unidirectional sea states are often taken as a modelling assumption. However, if the influgnce
of directiomal wave spreading is expected to be significant, sensitivity analyses should be performef to
investigate| the effect. In such cases, one of the distributions'shown in Formula (A.24) can be used.

The direct{onal spreading function D(8) is a symmetr{¢’function around the mean direction 6 . In|the

absence offinformation to the contrary, the mean wave direction can be assumed to coincide with|the
mean wind direction. There are three expressionsfor D(6) in common use:

Dy(0) 4 C1(n)-(COS(9—9_))n for ~dn<(0-6)<+1

Dy(0) + cz(s).{cos(egéﬂzs for —n<(0-0)<+n

(Al24)
1 (0-9) 1 7)< 41
D3(9)::C3(0)-G\/ﬂ-exp 2 for —5ns(9—9)s+§
Dy(0) 4 D, (0) =Dg(0)=0 for all other (0—9_)
where
| &rmny2+1)
¢1ln) Jnl(n/2+1/2)
I'(s+1)
C.(s) =
2(9) 2rl(s+1/2)
C3(o)=1

The functions all have a peak at 8 = 6 , the sharpness of which depends on the exponent n in D1(0) or s
in D2(0), or the standard deviation o of the normal distribution D3(6). The coefficients C are normalizing
factors dependent on n, s or g, which are determined such that the integral of D(6) over all 6 is equal to
1,0. For appropriately chosen values of the parameters, the functions D1(6) and D»(6) are virtually
indistinguishable.
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In engineering applications, D1(6) is often used with n = 2 to n = 4 for wind seas; for n = 2, the
corresponding factor C1(2) = 2/m. For swells, the value n = 6 or higher is more appropriate.

If D(0) is used, typical values of s are s = 6 to 15 for wind seas and s = 15 to 75 for swells.

A.8.3.2.2 Directional spreading factor

For engineering applications, the sea state is often represented by a long crested wave, assuming the
wave energy only propagates in a single direction. This is an abstraction of a real sea. The directional
spreading factor ¢ is used to reduce the kinematics (velocities and accelerations) of unidirectional wave
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aries to account for directionality
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ign wave procedures typically apply unidirectional waves. This is especially common
static design of fixed steel structures of space-frame configuration. In a real s€3, the
bading of the wave energy tends to result in peak global actions that are somewhat sn
be predicted for unidirectional seas. As such, design recipes often allow a reduction in the
city and acceleration obtained from unidirectional wave theories by the spreading facto

y the wave energy that travels in the principal wave direction contributes to the wave
hat direction. The ratio of the in-line energy to the total wave energy-is the “in-line vari
e the kinematics are proportional to the square root of the wave energy, the directiona
ices the in-line kinematics under the highest point of the crestiby a spreading factor tk
he square root of the in-line variance ratio. All of the energy in the wave spectrum con
kinematics, so that the spreading factor is calculated bydntégrating the entire wave spe
Juency and direction.

directional spreading factor ¢ is dependent on the type of storm in the area concern
ance of the site of interest from the storm centre. Though reference may be made to s
ctional spreading data where these are available, caution should be exercised since su
jcult to interpret. In addition, it should benoted that spreading data derived from hind
to an underestimate of ¢. In general, theyvalues in Table A.2 from reference [41] are appr
n water, where refraction and diffraction effects do not modify spreading.

Table A.2 — Directienal spreading factors for open water conditions

ractice for
directional
haller than
horizontal

™

kinematics
hnce ratio”.
spreading
at is equal
tributes to
Ctrum over

ed and the
te-specific
th data are
casts often
opriate for

Type of stormorregion

Directional spreading factor

NO
incy

¢
Low-latitude monsoons typically || < 15° 0,88
Tropical cyclones belpwapproximately 40° 0,87
Extjra-tropical stormsg for the range of latitudes 1,019 3-0,002 08|y
36°%< || < 72°
NOTE 1 1 issthe/geographical latitude in degrees. Additional information on directional spreading factors forjother storm
types and Jocations may be provided in the relevant regional annex.

[E.2 “In refernce [41], it is noted that in extra-tropical storms there may be a trend of decreasing spj
edsihg storm severity. In extreme or abnormal extra-tropical storm events it can be advisable to consider

eading with
specifying a

lower degree of spreading (where this would be conservative).

The wave directional spreading factor may be applied to kinematics which neglect the directionality of

the

sea state.

The relationship between the spreading factor ¢ and the exponents n and s in the two formulations
D1(0) and D7(6) in Formula (A.24) is given in Table A.3.
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Table A.3 — Relationship between spreading factor ¢ and exponents n and s for directional

spreading functions D1(6) and D2(6)

Variable D1(6) D7(6)
Directional spreading factor ¢ in terms of n or s ) n+1) ) s6-1)
= =051+ ——
LHZ)} ¢ [ i s+1)s+2)}
Exponent n or s in terms of directional spreading factor ¢ ) . )
297 1 397 —1+ (¢ + 6¢ —3)]
ATy S = / )
Y kZ — 2¢“)

The spreading factor for low-latitude monsoons of ¢ = 0,88 in Table A.2 corresponds with'n =

P43

and s = 6,25. The factor given in Table A.2 for tropical cyclones of ¢ = 0,87 similarly corresponds with
n=2,11 and s = 5,60. For extra-tropical storms at a latitude [ | = 60°, Table A.2 provides a spreading
factor of ¢ [= 0,895 which corresponds with n = 3,00 and s = 7,41.

A.8.3.3 Wave periods

In order td fully define a wave spectrum, a peak spectral wave period, (%) or range of representafive
wave periqds should be given (note that in some formulations T, may. be needed instead). Values of
peak spectral periods associated with given Hg values are oftendetermined through a regresgion
analysis. Hegression analyses can be performed on storm peak data or on all available data. [The
form of the regression can be linear, or sometimes nonlinear*forms such as T, = aHsb allow a befter

fit to the u
response, s
determine
used to cay

longer than the best fit value can occur, although they represent less likely Hs and T, combinations.

In wave sp
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able to per
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trong consideration should be given to specifyinga range of periods about the best fit va
1 by regression. Alternatively, contours of Hs-and T, can be provided. Contours are usy
ture the fact that, for a given value of significant wave height, wave periods much shortg

bctra formulations, the frequency parameter is the intrinsic frequency. However, a station

form the response calculations,-the wave frequency spectrum formulation should there
med into the apparent frequency. As the wave energy per frequency band is independer
ce frame, S(fi)dfi = S(fa)dfi-and hence the wave spectrum in the apparent frequency beco

dfi/dfa

hate transformations are carried out using Formula (A.28), taking due account of the fact
pmber k is a fuhgtion of the intrinsic wave frequency f; through Formula (A.29). However

hvelengthrand the kinematics are a function of the intrinsic period and not the apparent per

dertdking any spectral conversion, it is important to establish the extent to which the w

nderlying data. Since use of spectral data implies’analysis of a structure with a dynamic
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fixed or floating) in a wave field with current responds to the apparent frequency f;. T be

fore
t of
mes

Fhat
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s on a spatially distributed structure cannot be determined accurately using this spectrum as

iod.
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the

The correct treatment of intrinsic and apparent wave periods is of particular relevance for structures
whose design and/or assessment are sensitive to dynamic effects or the phasing of the wave loads as the
wave progresses through the structure (e.g. certain jack-up units). In such circumstances an alternative
approach can be more appropriate (e.g. one based on the modification of the wave particle kinematics

to account

directly for the current velocity). For further details see A.8.4.3.

A.8.3.4 Wave kinematics — Velocities and accelerations

No guidance is offered.
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A.8.4 Regular (periodic) waves

A.8.4.1 Wave period

The wave period Tymax associated with the maximum wave height can be estimated based on wave
measurements or simulations of waves in extreme sea states. Time series measurements of individual
waves in extreme sea states are rare and therefore site-specific measurement-based estimates are often
not possible. The ratio of Tymax/Tp in large sea states typically varies between 0,8 and 1,0. Reference
[23] presents ratios of Tymax/Tp based on measurements made in different areas of the world which
agree with thls range and further suggest that the ratio varies with spectral bandw1dth Simulation
of er grend. For a
JONSWAP spectrum w1th y =1 the expected rat10 of THmaX/Tp is O 9; as y increases beyond.g value of 5,
the|expected ratio approaches unity. Simulation of extreme sea states using a spectral.modgl (first- or
secpnd-order) can lead to refined estimates of Tymax and insight into the range of yalues|which can
be associated with large individual waves. Whether measured or simulated data-are considered, it is
sonmjetimes insightful to consider looking at wave heights versus some measube of steeplless rather
than only considering H versus T.

As & practical matter, for shallow-water jacket structures where the response is not overly dynamic,
approximate ratios of the period of maximum wave to the peak spectral period associatdd with the
sanje return period significant wave height are often used. For tropical cyclones, a ratio of (,90 to 0,92
is commonly assumed. In North Sea storm conditions, ratios frem 0,88 to 0,96 are commonly used. For
dyrjamic structures (fixed or floating), specifying a wide range or performing simulations [in order to
det¢rmine a range is prudent. Of course if a structure has.a significant dynamic response, fhe use of a
des]jgn wave approach using Hnax and Thmax might itselfybe questioned. In such cases des]gners may
neefd to consider a spectral approach in order to capture dynamic effects.

A.8|4.2 Wave kinematics — Velocities and aceelerations

Several periodic wave theories can be used to predict the kinematics of two-dimensio
wayes. The different theories all provide“approximate solutions to the same differential equations
with appropriate boundary conditions{All compute a waveform that is symmetric about thg crest and
propagates without changing shape{The theories differ in their functional formulation and in|the degree
to which they satisfy the nonlinear kinematic and dynamic boundary conditions at the wave surface.

Ling¢ar wave theory [8] is applicable only when the linearization of the free surface boundary|conditions
is rpasonable, i.e. strictly.speaking only when the wave amplitude and steepness are infihitesimally
smdll. Stokes’ fifth-order/theory [24] is a fifth-order expansion in the wave steepness apout mean
watler level that satisfies the free surface boundary conditions with acceptable accuracy oper a fairly
brohd range of applications, as shown in Figure A.3, which is adapted from reference [10]. Chappelear’s
thepryl23] is sifatlar to Stokes’ fifth-order theory, but determines the coefficients in the|expansion
numericallythfough a least squares minimization of errors in the free surface boundary fonditions,
rather thansanalytically. Extended velocity potential theory (EXVP-D)I26] satisfies thp dynamic
boundary condition exactly and minimizes the errors in the kinematic boundary conditipn. Stream
funftien'theory [27] satisfies the kinematic boundary condition exactly and minimizes the efrors in the
dynamicbourndary condition:

When Stokes’ fifth-order theory is not applicable, stream function theory can be used. Selection of the
appropriate solution order can be based either on the percentage error in the dynamic and kinematic
boundary conditions, or on the percentage error in the velocity or acceleration compared with the next
higher order. These two methods provide comparable solution orders over most of the feasible domain,
but differ in the extremes for H > 0,9 Hy, (where Hy, is the breaking wave height) and d / gT; 2 < 0,003.
In these extremes, the theories have not been well substantiated with laboratory measurements and
should therefore be used with caution. In particular, the curve for long-crested breaking wave height
Hyp shown in Figure A.3 is not universally accepted.

New-wave theory (see for example reference [28]) is based on a mathematical derivation of the
characteristics of the most probable maximum wave in a sea state. The New-wave surface has the shape
of the autocorrelation function. New-wave includes the continuous spectrum of wave frequencies in a

© IS0 2015 - All rights reserved 59


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

random sea; it is not based on discrete harmonics of the fundamental frequency. The kinematics of each
wave frequency are computed using linear wave theory, summed and subsequently delta-stretched.
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a Deep water breaking limit H /A = 0,14 e Linear/Airy or third-order stream
function
b Stoke}’ fifth-order, New-wave or third-order stream f Shallow water
functilon
c Shallow water breaking limit H / d = 0,78 g Intermediate depth
d Stream function (showing order number) h Deep water

Figure A.3 — Regions of convergence of alternative wave theories

Delta stretching[29] provides a simple empirical correction to extend the kinematics obtained from
linear theory into the wave crest above the still water level. When the local water surface elevation is
above still water level and the vertical coordinate being considered, z, is above the stretching depth, ds
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(the distance below the still water level at which the stretching process begins), then z in the equations
for linear wave kinematics should be replaced by the stretched vertical coordinate zg:

ZS=FS(d5+Z)_dsz(FS_l)dS+FSZ (A.ZS)
where
z is defined as the vertical coordinate with z = 0 at the still water level;
F is a stretching factor defined by:
d.+a
_Ggran (A.26)
S dS +n
whére
a is a stretching parameter (0 < a < 1,0);
n is the water surface elevation at the horizontal location of inteTest.
The stretching depth (ds) is typically set to one-half of the significant wave height or half ¢f the crest
eleyation, and the stretching parameter a typically equals 0,3. The stretching factor Fs is always smaller
thah 1,0 and consequently z < z.
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ther form of stretching is linear or Wheelerstretching, see A.9.4.1.

4.3 Intrinsic, apparent and encounter wave periods
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For a uniform current profile over the water depth, the basic problem is formulated by the relationship
between speeds in the apparent and the intrinsic coordinate systems:

€a = ¢ +Vindine

o = A
4= —
Ta
A.27
; (A27)
Ci = F
|
Vindine = U¢ €086,
where
a is a subscript for an apparent property;
i is a subscript for an intrinsic property;
c is the wave celerity (the wave phase speed);
A is the wavelength;
T is the wave period;

Vin-lije is the component of the current velocity in-line with thedirection of wave propagatipn;

Uc is the free-stream steady current velocity, not reduced by structure blockage;
Oc is the direction of the current velocity with respect to the direction of wave propagaf
tion.

This resultfs in the relationship between the apparentand intrinsic periods:

A A
E = FI +Vin-line (A 28)

Through njultiplication by the wave number’k = 21t/A, Formula (A.28) can be rewritten in terms of{the
apparent apd intrinsic frequencies:

wa = Wi+ Kk Vin-line (A]29)

where w is|the wave circular frequency, w = 2m/T.

The wavelength, whichlisvunaffected by the frame of reference, and the intrinsic period are coupled
through thl dispersiowequation, which for first and second order waves is

2
= d tanlle(C;nd A kg t:h(kd) (4130
where
d is the water depth;
g is the acceleration due to gravity.

For higher-order waves, the dispersion relationship is determined through numerical simulations.

Vin-line is positive when wave propagation and the in-line component of the current velocity are in the same
direction (-90° < 6. < +90°); in these cases the apparent frequency is higher than the intrinsic frequency.

Conversely, Vip-line is negative when wave propagation and the in-line component of the current velocity
are in opposite directions (6 > +90° or 8. < -90°) and the apparent frequency is lower than the intrinsic
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frequency. For negative values of Vjp.line (Opposing currents), the condition c¢j + Vip-line > 0 should be
satisfied — otherwise, the waves move faster downstream by the current than they can propagate
forward. For the special case of cj + Vip-line = 0 and 6. = 0, standing waves occur.

When the intrinsic period Tj [or frequency wj] is known, the wavelength A and the wave number k are
also known [see Formula (A.30)], and there is a unique apparent period T, [or frequency w,] associated
with Tj [wi] for each current velocity. When the apparent wave period T, [wj] is known, there is only a
unique intrinsic period Tj [wi] associated with T, [wa] when the current velocity is in the direction of
wave propagation (Vip-1ine > 0). For opposing current velocities, i.e. — ¢j < Vin-line < 0, there are in principle
two values of Tj [wi] that correspond with each T, [w,]. However, the second solution is associated with

exc

For
det
equ
fun

essively short, unrealistic waves and can be ignored

mulae (A.27) to (A.30) directly provide T, from a given Tj, but should be solvedhitgratively to
ermine T from a given T,. For the special case of a uniform current profile, the solutign to these
ations is provided in non-dimensional form in Figure A.4. This figure gives the'ratio of i to T, as a
ction of Vip-line /9T for constant values of d/gT2 > 0,01. Figure A.4 may be used with T = T, td determine

Ti of with T = Tj to determine T,. For smaller values of d/gT?, shallow-water depth’approximations apply

and|

can

Wh
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the

may be used, as shown in reference [22]:

©IS

the equation
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T
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be used.

le strictly applicable only to a current that is uniform over the full water depth, Figure A
bptable estimates of Tj/T, for “slab” current profilesithat are uniform over the top 50 m
water column. For non-uniform current profiles, diweighted, depth-averaged in-line cur
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0
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FigurelA.4 — Dopplérishift in wave period due to steady current — Relationship between|
intrinsic and apparent periods

Spatial relptionships change in a similar manner as the temporal relationships. The relationship
between tllle coordinate (x) in the direction of wave propagation in the apparent reference frame pnd
the intrinsic reference frame is:

Xa = Xi + Vin-line ¢ (A.32)

so that the space- and time-dependent argument (kx; - wj) of the harmonic function in all wave
equations transforms, using Formulae (A.32) and (A.29), into:

kxi —Cl)it = kxa —(Cl)i +kVin-Iine)z = kxa —a)at (A33)

The transformation between encounter periods as measured from a moving vessel and intrinsic periods
follows similar principles.
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In wave spectra formulations (see A.8.3), the frequency parameter is the intrinsic frequency. However,
a stationary structure (fixed or floating) in a wave field with current responds to the apparent
frequency. To be able to perform the response calculations, the wave frequency spectrum formulation
should therefore be transformed into the apparent frequency. As the wave energy per frequency band is
independent of the reference frame, S(w;j)dw; = S(wa)dw, and hence the wave spectrum in the apparent
frequency becomes S(wy) = S(wij)dwi/dw,. The coordinate transformations are carried out using
Formula (A.29), taking due account of the fact that the wave number k is a function of the intrinsic wave
frequency wj through Formula (A.30). However, the wave actions on a spatially distributed structure
cannot be determined accurately using this spectrum as both the wavelength and the kinematics are

a function of the intrinsic period, not the apparent period. An approach to addressing this issue is
pre coantad i wafaanon [24]

peTICC O TIT T CTCTCTICCTOTT

A.8.5 Maximum height of an individual wave for long return periods

Theg long-term maximum height Hy of an individual wave with a return period of N yeprs can be
estimated in several ways. The method used should account for the long-texm uncertajnty in the
severity of the environment and the short-term uncertainty in the severityefithe maximum wave of a
givén sea state or storm.

The statistically correct methods are based on storms. Storms aré-obtained from a timle series of
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ificant wave height by breaking it into events that have a peak'significant wave height
e threshold.

long-term uncertainty in the severity of the envirohment is treated using the
ribution of the severity of the storm, measured in terms-of either its peak significant way
most probable maximum value of the individual waves in the storm (Hpp). The uncert3
tht of the maximum wave of any storm is estimated’as a probability distribution conditi
{mp- Convolution of the two distributions giveg the distribution for any random storm ar

rence [2].

recognized that this method is:nét statistically robust because successive sea staf
ependent. It involves analysis of\niany sea states that do not contribute to the final res
a false confidence in the results, as the amount of independent input data are much
ears. Despite these knownflaws, this method often provides a useful first estimate of cg
rea when only a short (e.g-'1 year to 2 years) measured data set of Hs is available (see, f
rence [30]).

hpproximation that is sometimes used to generate Hy is to multiply Hgy, an estimate of

ret
to

Hsp) above

probability
e height or
inty in the
pnal on Hgp
d, thereby,

complete long-term distribution for the heights of individual waves. For further information, see

milar method has been applied using Sea states rather than storms as the independent variable.

es are not
11t and can
ess than it
nditions in
r example,

the N-year
a sea state

rn period Hg, by a factor that relates to the ratio of the most-probable highest wave in
e significant wave height Hsy. However, this method underestimates Hy because it i

nores the

confribution from sea states that are lower but more frequent than Hgy, as well as sea states that are
higher butiless frequent than Hsy. The accuracy of the method also depends on the mutual cpncellation
of drrofstin all the steps leading to the final answer. When this method is used, the individual wave
heights are generally assumed to obey a Rayleigh or Forristall[31] distribution, see below, dnd the sea
state 1s assumed to have a duration of 3 h. Although the method has been applied in the past with some
success, its use demands extreme care and should be avoided as better methods are now available (see,
for example, references [2] and [8] for a discussion of various methods).

The classical description of the distribution of crest to trough heights (H) in narrow-banded seas is the
Rayleigh distribution[32], which in its cumulative probability form is given by:

£\ 2
()
P(HSH*)zl—exp — (A.34)
(Hs)
where H* is any desired value of the significant wave height.
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In practice, most seas are not narrow-banded and using the Rayleigh distribution would tend to over-
predict the height of waves. To take account of the finite bandwidth, a number of empirically derived
distributions have been proposed. The distribution proposed by Forristall[31], which was empirically
derived using hurricane wave data from the Gulf of Mexico, is often used:

—(4H* /H)*
P(H<H*)=1-exp —(H7/H) (A.35)
B

where

a =2;126

B = 8,42
NOTE 1 hen a = 2 and 8 = 8, the Forristall distribution reverts to the Rayleigh form.
NOTE 2 hough the above coefficients were developed using hurricane data, Krogstad’s distribution basef on
North Sea sforms is virtually the samel33].

The probability distributions for the maximum individual wave height in a stationary sea state can be
established by raising Formula (A.34) or Formula (A.35) to a power equal to-the number of waves in
the intervgl. The probability distribution for the maximum individual wave height conditional on|Hsp
or Hyp, calp be determined by combining the distributions for each of thé¢ stationary sea states of which
the storm is composed.

A.8.6 Fully nonlinear wave models

The fully nonlinear modelling of random, directional waves has been an active area of research| for
several years and some methods are now applicable fok realistic sea states. Examples that mighf be
considered for engineering application are those in references [34] to [38]. Though the methods dffer
the advantpges of realism, there are the following difficulties and limitations:

a) The mlodels are slow even on the fastest,computers. Computational effort can be significahtly
reducgd by calculating New-waves rathierthan complete, random sea states.

b) Some ¢f the methods use Fourier.models to describe the free-surface. This limits the validitly of
result§ as waves become steep-fronted at the crest at the onset of breaking. Others can restrict{the
freedom of motion of surface particles, with similar consequences.

c) The overall recipe for calciilation of actions based on regular wave or linear, random theory may
have heen subject to-cdlibration against offshore measurements. When this is the case, actlons
calculgted from the)fully nonlinear methods should be tested either against the measurementf or
againsft the conventional method in the regime of the measurements.

Wave modEgls based on expansions in wave slope might also be considered although, as perturbation
methods, theytare not fully nonlinear[381[39]. There is some indication that schemes valid to thfird-
order, includifig quartet resonance effects, capture much of the important nonlinearity. However,th a
wave slope expansion, they can fail, at least locally, as a wave becomes steep-fronted.

Linear spectral representations ignore the nonlinear interactions between waves of different frequencies
and directions, whereas periodic wave representations ignore the irregular nature of waves. Extension
of spectral representations to second-order has been used in practice (see reference [40]).

A.8.7 Wave crest elevation

The long-term distribution of extreme and abnormal crest elevations can be established from a long
time series of significant wave heights (Hs) and a short-term distribution of crest elevations conditional
on Hg, P(n > n*|Hs). The statistically correct approach would use storms as the independent variablel2].
The methods described in A.8.5 for wave height are equally useful for obtaining design values of crest
elevation and total surface elevation.

66 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

Recent research suggests that crest elevations for seas with typical directional spreading of wave
energy are satisfactorily predicted by second order, random, directional wave theory. The short-term
distribution of P(n > n*|Hs) can be obtained directly from theory or from a model distribution calibrated
to fit the results of the theory. In reference [42], a Weibull model has been matched to the theory over a
range of water depths and wave steepnesses. The Weibull expression is:

B
P(n > n*H ) = exp|—|—1— (A.36)
S oH
s

Wh ITu aud I{I) dl' T Cllll.lil i\,a} fuu\,tiuuo Uf thC vwdavio DtCCPllCDD (Sl) Cllld thC Ul DC}} uuuleL (l/'r‘. Sl and Ur
are|given by:

S1 =2 T Hs/gT12 (A.37)

Ur = Hy/(k12d3) (A.38)
whére

T1  isthe mean wave period calculated from the ratio of the first two moments of thelwave
spectrum, mo/my;

ki1 isthelocal wave number for a wave frequency 21/T7;

d is the water depth.
For|a spread sea, the expressions for a and [ are given by:

a =0,3536 + 0,2568 S1 + 0,0800 Uy (A.39)

5 =2-1,7912 S1 - 0,5302 U, + 0,2824-U,2 (A.40)
It dhould be noted that the crest elevation estimates derived using distributions defived from
megsurements at a single pointeffectively only reflect the risk of exceedance at a single poinf. However,
as described by Forristalll}03}/ when the true area of exposure to wave crests is considered (i.e. the
full] platform-deck area);~the probability of having the point estimate exceeded somewhere locally
within the deck is naturally higher than the probability of having it exceeded just at one poirt, since the
potential crest encotinter area is larger than one point. When the entire deck area is considgred, a local
crest height occufring somewhere in the deck area can exceed the point-estimated crest height by as
mug¢h as 15 %{or the same probability level. The local crest height in shallow water will, However, be
lim{ted due toywave breaking effects.
A.9 cCurrents
A.9.1 General

For bottom-founded structures, the total current profile associated with the sea state producing
extreme or abnormal waves should be specified for the design of the structure. For floating structures,
the selection of an appropriate combination of currents, waves and winds is often less obvious and
needs careful consideration.

A.9.2 Current velocities

The current flow at a particular site varies both in time and with depth below the mean sea surface.
The characteristics of the extreme or abnormal current profile that need to be estimated for the design
of offshore structures are particularly difficult to determine, since current measurement surveys are
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relatively expensive and consequently it is unlikely that any measurement program will be sufficiently
long to capture a representative number of severe events. Furthermore, current (hindcast) modelling is
not as advanced as wind and wave modelling. Also, extrapolation of any data set demands that account
be taken of the three-dimensional nature of the flow.

Site-specific measurements of currents at the location of a structure can be used either as the basis for
independent estimates of likely extremes or to check the indicative values of the various components of
the total current.

Information on the frequency of occurrence of total current speed and direction at different depths for
each month and/or each season is normally useful for planning operations. For most design situations
in which wjaves are dominant, estimates of the extreme or abnormal residual current and total curfent
can be obflained from high-quality site-specific measurements; these should extend over theswhter
profile and over a period that captures several major storm events that generated large Gea’ stdtes.
Current m¢dels may be used in lieu of site-specific measured data. The period over which\the curfent
model is ryn should be adequate to allow tidal decomposition to be carried out and therésidual curfent
to be sepafrated out of the total current where appropriate. Consideration should(be’ given to lgng-
period, large-scale environmental fluctuations, which can affect the residual current climate. Effprts
should be nade to ensure that if a current model is used it is validated against mearby measured data.

A.9.3 Cufrent profile

The charagteristics of the current profile over depth in different parts of the world depend on|the
regional odeanographic climate, in particular the vertical density di§tribution and the flow of water |nto
or out of thie area. Both of these controlling aspects vary from season to season. Typically, shallow-whter
current profiles in which tides are dominant can often be characterized by simple power laws of velocity

versus depth, whereas deep-water profiles are more complex-dnd can even show reversals of the curfent
direction with depth. Such characteristics of the current flow can be particularly important to consjder
in the design of deep-water structures and parts of the system such as risers and mooring systems.
The power| law current profile given in Formula, (A.41) can be used where appropriate (e.g. in afeas
dominated|by tidal currents in relatively shallowz water, such as the southern North Sea):
(04
z+d

U.(2)7 UCO( : j (Al41)
where

Uc(2) is the current speed at elevation z (z < 0);

Uco is the surface/current speed (at z = 0);

z is theertical coordinate, measured positively upwards from still water level;

d is the still water depth;

a tsamexponent{typteatty /73

Other current profiles in common use are

— a linear distribution between the surface current U.g9 and a bottom current of half the surface
current (Uqo/2),

— abilinear distribution with parameters that are determined for the location concerned, and

— aslab profile [see Figure A.5 b)] where a uniform current occurs over the upper part of the water
column with zero current over the lower part.

For deep water, design current profiles can be derived from long-term measured current-profile
data sets through a two-stage process. In the first stage, the data are parameterized using empirical
orthogonal functions; in the second stage, the design current profile with the required return period is
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selected through a process involving an inverse first-order reliability method (FORM) procedure. The
method is described in reference [43].

When a sufficiently long data series is available, with simultaneous data at different water depths,
an alternative approach to deriving an N-year current profile commences with the estimation of the
N-year current speed at a given reference depth. The conditional mean speed (given the extreme speed
at the reference depth) is then selected for other depths. The process is repeated for differing reference
depths, with the most onerous profile (for the particular application) being selected.

For some applications, an approach using a response function such as the integrated drag loading on a
vertical cylinder can be used, as described in A.5.3 c).

A9

A9

Ref
cre
cu

=

water level for -d < z < 0) is effective at a stretched vertical coordinate‘zs. In the design data,

pro
leve

Inl

.4 Current profile stretching

4.1 General

erences [44] and [45] show that waves alternately stretch and compress.the current pr
ts and troughs, respectively. Stretching means that, in the presence of waves, the ins
Fent speed Uc(z) of a water particle calculated at depth z (measured positively upward

file Uc(2) is specified over the full water column between the sea floor at z = -d and the
l at z = 0. Both linear and nonlinear stretching methods are used.

near stretching, the relationship between zs and z is préportional to the ratio of the ins

pfile under
antaneous
5 from still
he current
still water

antaneous

height of the water surface elevation and the still water depth. A stretching factor Fs can be introduced,
in almanner analogous to the delta stretching procedurefor wave kinematics. For current stfetching, Fs
is dpfined as:
d+
p=atn (A.42)
S d
whére
n is the instantaneous height'of the water surface elevation (measured upwards frgm still
water level);
d is the still waterdepth.
Thq stretched verticalcoerdinate can then be expressed as
7s = Fs (d + z) =d (A.43)
whére
zg4_\is the stretched elevation (measured upwards from still water level);
7 15 theorigimat etevatiom {measured upwards fronrstittwatertevet):
For current stretching, the stretching factor Fs is larger than 1,0 and consequently zs > z.
In nonlinear stretching, the elevations zs and z are related through linear (Airy) wave theory as:
sinh [knl (z+ d)]
Z.=Z+1n (A.44)
S sinh(k_,d)
nl
where, additionally,
kn1  is the nonlinear wave number:
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/\nl

is the wavelength for the regular wave under consideration for water depth d and wave
height H (calculated using nonlinear wave theory and the intrinsic wave period).

Formula (A.44) provides a nonlinear stretching of the current, with the greatest stretching occurring
high in the water column, where the particle orbits have the greatest radii. Figure A.5 illustrates a
comparison of linear and nonlinear stretching for sheared and slab current profiles.

Nonlinear
extension
approxim
approxim

Another ap
that the to
the specifi
by the thed

If the curr
with one n
but only th

While no e
waves can
period and
spectral pd

A linearly
method is
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Ktretching is the preferred method. For slab or power-law current profiles, simple vér
bf the current profile from the still water level to the instantaneous wave surfaceds a g
ion to nonlinear stretching. For other current profiles, linear stretching is an.'accept
ion.

proximate model is the linearly stretched model described by Formula (A@4), adjusted {
fal momentum in the stretched profile from the sea floor to the wave surface equals the
bd profile from the sea floor to the still water level. However, this procedure is not suppot
retical analyses in references [44] and [45].

bt is not in the same direction as the wave, the methods discissed above can still be u
odification: both the in-line and the normal components ofthe current need to be stretcl
e in-line component used to estimate Tj for the Doppler-shifted wave.

kact solution has been developed for irregular waves;the wave/current solution for reg
be logically extended. In the two approximation§described above for regular waves,
length of the regular wave are replaced by the period and length corresponding to
ak frequency.

stretched current profile is an acceptable approximate model for many applications.
bxactly analogous to the stretching of linear wave kinematics as applied by Wheeler[46].
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I/

Ue Ue
a) Shear profile b) Slab profile
Key
hst height above sea floor c Input current profile
Uc current speed d Nonlinear stretch current profile
a Wave crest e Linear stretch current profile
b Still water level

Figure A.5 — Linear and nonlinear stretching of current profiles

A.9{4.2 Effect of current profile stretching on hydrodynamic actions

Reference [44] reports.that a model that combined Doppler-shifted wave kinematics with a ponlinearly
strgtched current profile gave the best estimate of global hydrodynamic actions on a space-frame
strycture. These/are within a few percent of those produced by the exact solution on a typpical drag-
domiinant fixed(structure subjected to representative waves and current profiles.

nost.cases, simple vertical extrapolation of the input current profile above mean water level produces
reagonably accurate estlmates of global hydrodynamlc actions on drag dommated fixed strjuctures. In
par' . a ab pro thi Aannroxim S0 m apolation b Cesnearly
the same result as nonlmear stretchmg, as 111ustrated in Figure A 5. However if the spec1f1ed profile
Uc(z) has a very high speed at the still water level, sheared to much lower speeds just below still water
level, the global action can be overestimated (by approximately 8 % in a typical application).

A.9.5 Current blockage

Current blockage refers to the global distortion of the current field in and around non-solid structures.
These are structures with a configuration that is to some extent transparent to the current and which
thus allow partial flow at a reduced velocity through the structure. Taking account of current blockage
can be of interest for the design of space-frame-type structures, both fixed and floating (e.g. semi-
submersibles and TLPs), especially when they accommodate a large number of conductors or risers.

For fixed steel structures, reference should be made to ISO 19902.
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A.10 Other environmental factors

A.10.1 Marine growth

No guidance is offered. Some information is included within regional annexes. See reference [47].

A.10.2 Tsunamis

For a given location, the frequency of earthquake events is generally very low and in particular the
frequency of occurrence of a tsunaml at a site is even lower, since only a very few earthquakes give
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in water shallower than 100 m. It is prudent to be aware*of the potential impact of tsunamis

bights can radically increase due to shoaling andcrefraction, so special care should be t
water sites near complicated bathymetry that can lead to a caustic (focal point for
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near semi-enclosed features such as bays. Coastal facilities are likely to be at the greatest fisk
run-up of the tsunami and the potential for inundation of the facility and processing plant.

hpproaching the coastline often scourthe seabed, transporting large amounts of sedinfent

and dumping it onshore, thereby increasing their destructiveness. It is prudent to perf
on if a tsunami passes over a pipeline.

namis have a high probability of occurrence and significance (exceeding the gener
sk level in the design), theeffects on structures should be assessed. Where possible, offsH
should be designed against potential tsunamis or they should be located to minimize
Ces of impact.

Focedures for séismic design are described in ISO 19901-2, which provides guidance
r determining'thie magnitude and probability of earthquake events.
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bf séiches can be important to consider for the design of loading and offloading facilities
pperations (e.g. of tankers) in relatively shallow water locations.
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A.10.4 Sea ice and icebergs

Where data are being collected on sea ice and icebergs, the following should be considered:

— The type of sea ice expected to occur is a measure of its age, whether first-year, multi-year or of
glacial origin. Distribution statistics reflect the variations that occur in the thickness, consolidation

and co

ncentration of ice types during a season, both seasonally and from year to year.

(typically less than 25 m water depth).
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Sea-ice keels can create gouges in the seabed in relatively shallow or intermediate water depths
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Characterization of year-round regional ice cover includes the occurrence and distribution of ice
concentrations, thicknesses, floe sizes and types present during freeze-up, winter, break-up and
open water seasons.

Probability of occurrence of specific ice features, such as multi-year hummock fields and ice islands.
In areas where ice of glacial origin is to be expected, the annual and seasonal variation in the flux,
concentration and size of icebergs is relevant.

The probability distributions or extreme values of the velocity of pack ice, ice floes, and discrete ice

features (such as icebergs, “bergy bits”, “growlers” and ice islands) and seasonal variations of these
distributions are relevant.

If s
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A1
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few]
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ba ice or icebergs are possible and could be in excess of that which can be accommqdated in a
[cture’s design, an emergency preparedness system should be established. Solutiong based on
relocation of the structure or the towing away of the ice feature may be chosen;.ih such cases the
rgency preparedness should be reliable and planned in relation to the time required to rlelocate the
Icture or to tow the ice feature away.

0.5 Snow and ice accretion

Sn(r)lw can settle on both horizontal surfaces and, if the snow is sufficiently wet, on nonthorizontal
d

ward parts of a structure. On vertical surfaces, it is only likély to stay in position as|snow for a
hours, although it can freeze and remain as ice. It can theréfore affect all exposed area$ above the
sh-zone. On horizontal surfaces, dry snow is blown off as)Seon as any thickness accumulates, while
snow can remain in position for several hours.

In areas that are affected by icing, consideration should be given to the possibility of topsideq icing from

fred

Ice

In t
the

A1
No

A1

zing sea-spray and freezing atmospheric vapour,

can form on the topsides of a structure throfigh a number of mechanisms:
freezing of old wet snow;

freezing sea spray;

freezing fog and super-cooled cloud droplets;

freezing rain.

he absence of specific information, new snow can be assumed to have a density of 100 kg/m3 and
average density ofiee formed on the structure can be taken to be 900 kg/m3.

0.6 Miscellanéous

buidanceis offered.

1-_Collection of metocean data

A1l

1.1 General

Table A.4 provides a range of potential applications of metocean information collected as part of a
metocean data collection system.
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Table A.4 — Potential application of metocean information

Application

Comments

Bridge and flotel disengage-
ment

Bridge and/or flotel disengagement are required once predefined wind/wave
criteria are exceeded.

Installation

Wind and wave data are usually needed for setting deck and modules, and
currents can be important for running risers and stabbing tension leg plat-
form tendons.

Crane operations

Wind and waves (or vessel heave) have an impact on safety margins for crane
operations.

Diving opefations

Can depend on a number of metocean parameters.

Evacuation|

Meteorological and oceanographic data are vital for decisions regarding tine
of evacuation and selection of evacuation means.

Helicopter pperations

—
]

Dependent on a number of metocean parameters, principally wirids and vig
bility

Maintenange

Maintenance operations, especially outdoor work aboverthe open sea, are
often subject to restrictions on weather and sea state:

Marine opefrations

Most marine operations need reliable metocean information

Production|shut-down

Can depend on a number of metocean parametérs, mainly waves and wind

Remotely operated vehicle
operations

Can depend on a number of metocean pardmeters, mainly waves and ocean|
currents

Search and|rescue/man over-
board (SAR/MOB)

Accurate metocean information canbe'crucial for effective and safe SAR apd
MOB operations.

Tanker loading

Tanker loading operations are’sensitive to sea state and wind conditions, i
particular during docking operations.

Verificatiorn studies

A number of long-term metocean parameters can be required for verificatipn
of offshore structures, Verification studies can depend on special metocear
parameters or installation of standard instruments in special locations.

A.11.2 Common requirements

A.11.2.1 (General

No guidange is offered.

A.11.2.2 Ipstrumentation

The required measurement uncertainty of metocean recordings should be chosen in accordance With
Table A.5, which isbased on information presented in Annex 1.B, pp 19-24, Chapter 1, of WMO-No. 8:2008.
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A.11.3 Meteorology

A.11.3.1 General

Details on instrument accuracy and calibration are found in WMO-No. 8, Parts I and III.

A.11.3.2 Weather observation and reporting for helicopter operations

Experience has shown that the best quality wind measurements are achieved if the location of the wind
sensor is selected to minimize the influence from the construction itself (living quarters, cranes, etc.).
This meangtiratthe top of derTick or Mast 1S the best THOICE T MOST Cases.

The measfirement of these parameters does not replace the need for an easily perceptible' wind
sock or cone.

The observations should be recorded in accordance with WMO-No. 306, Section A, pp 25-36.

In addition/to METAR, a code for special reports is specified in WMO-No. 306, under-<code FM 16-XV Ext.
SPECL.

The criterfa for, and frequency of, issue of METARs and SPECIs is the responsibility of the releyant
aviation regulations. International recommendations may be found in WMO-No. 842 (Chapter 4).

A.11.3.3 Weather observation and reporting for weather forecasting services

No guidange is offered.

A.11.3.4 Weather observation and reporting for climatological purposes

No guidange is offered.

A.11.4 Ocpanography

A.11.4.1 General

No guidange is offered.

A.11.4.2 Measurements and-observations

Ocean curtents should beymeasured at fixed depths (or bins), and include at least three depthp in
shallow w3ters: near-strfdace, mid-depth and near-bottom.

For measuilementsin.deeper waters, the following depths should be considered in addition to near-surface
and near-bpttom50 m, 100 m, 150 m, 200 m, 300 m and every 200 m thereafter to 3 m above the sealjed.

The mean| speed and direction of ocean currents should be recorded at least once per hpur.
Measurements of sea temperature and salinity should be performed as an integrated activity. If Nansen
bottles or similar equipment are used, data should be recorded at standard depths: 0 m, 5 m, 10 m,
20m, 30 m, 50 m, 75 m, 100 m, 125 m, 150 m, 200 m, 250 m, 300 m, 400 m, 500 m, 600 m, 800 m, etc.

If a conductivity-temperature-depth sensor (CTD) is used for measuring temperature and salinity, data
should be stored for at least every 50 kPa (0,5 bar).

Oxygen content, if required, should be measured at a subset of the temperature/salinity depths given
above. However, the number of depths may be considerably reduced.

The observation of sea ice and icebergs (dimensions and drift), can be performed by combining e.g.
manual observations, instrument recordings and remote sensing.
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A.11.5 Data quality control

No guidance is offered.
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Annex B
(informative)

Northwest Europe

B.1 Desgription ofregion

T UT T CHTUIY

The geogrdphical extent of the region of northwest Europe is bounded by the continental shelfmargins
of Europe,|as shown in Figure B.1. The region is diverse, stretching from the sub-arctic'waterq off
Norway a]j Iceland to the Atlantic seaboard of France and Ireland in the south, and includes:

— the watters off Norway, part of which are within the Arctic Circle,
— the Baltic Sea,

— the Nojrth Sea,

— the Irish Sea,

— the English Channel,

— the northern half of the Bay of Biscay,

— the WIers off the west coasts of Ireland and Scotland,and

— the watters off the Faroe Islands.

B.2 Data sources

Measured ¢lata are available from many stations throughout the area. Sources for measured data can be
identified fhrough the International Oceanographic Data and Information Exchangel48], which is paft of
UNESCO0%)| Links will be found to_fiational oceanographic data centres, which in turn provide ljnks
to specialist institutes and other erganizations within each country. Data may also be obtained ffom
commercigl organizations. In dddition to measured data, in recent years a number of joint indusfry-
sponsored|hindcast studies.hiave been performed (see for example, references [49] and [50]). These
have resulted in extensive\(but usually proprietary) data sets for the companies involved; however, a
recently published repartlél] provides useful information derived from the NEXT hindcast study(49).

B.3 Ovefpview of regional climatology

The conditfionis experienced within the region vary from arctic to temperate. The north of Noray
experiences very cold winters, with low temperatures and associated ice in various forms. However, ice
occurs very rarely in the southwest of the region.

In all parts of the region, extremes of wind and wave are most likely to occur during the passage of a
vigorous frontal depression. Depressions are areas of low atmospheric pressure and cyclonic airflow;
they vary from nebulous, with light winds, to intense and stormy with a large area of strong winds.
Together with associated frontal systems, they cross the area throughout the year, generally from
west to east. They can move rapidly, with speeds of translation of 5 m/s to 15 m/s, and a wide range of
conditions can be experienced at any one site. Depressions are larger than tropical cyclonic storms such
as hurricanes. Another type of depression is called a “polar low”. Such depressions do not have fronts
and are less common than frontal depressions and generally less intense.

2) United Nations Educational, Scientific and Cultural Organization.
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B.4 Water depth, tides and storm surges

Water depths in the area are shown in Figure B.2. Much of the water around the British Isles and in
the North Sea and Baltic Sea is less than 200 m deep. However, there is a deep trench adjacent to the
southern coast of Norway where water depths in excess of 1 000 m occur. Off the continental shelf, the
Norwegian Sea is deep water, while the Barents Sea is approximately 500 m deep. The Faroe-Shetland
Channel is approximately 1 000 m deep.

Tides in the region are semi-diurnal, with two high and two low tides per day. Largest tidal ranges
occur on the eastern side of the Irish Sea, the east coast of the UK, in the English Channel and around
the Brest Peninsula.

Thd also affect

are

highest storm surges occur in the southeastern part of the North Sea. Storm surges
hs with large tidal range.

B.5

The
ass
malf

Winds

airflow in depressions is cyclonic, which is anti-clockwise in the northern hemisphere.[The fronts
ciated with depressions occur in troughs of low pressure withjn\the depression, andl are often
ked by a change of wind direction and/or speed.

nse depressions generate sustained winds with speeds in ex€ess of 33 m/s, which is hurrjcane force.
strongest winds tend to blow from between southwest\and northwest, with the lightest winds
pdify wind
conditions

Inte
The
being those from the northeast. Topography and unstable*atmospheric conditions can m
spepd and direction. A warmer sea overlain with cooler dir produces unstable atmospheric
confducive to squalls and turbulent airflow.

B.4

Thd
Bal{

Waves

ea and the
the nature

region includes semi-enclosed seas, i:€.the Irish Sea, the English Channel, the North §
ic Sea, as well as areas of ocean. While strong winds can occur over the whole region,

of ¥
fetd
iss
way
but

B.7

The
strd

Per

aves varies according to the watexrdepth and fetch over which they have been genera
h is restricted, storm waves are shorter, steeper and lower than in the deep ocean. The o
ibject to swell waves that have moved out of the area in which they were generated. I
res can occur without anywind and can have wave periods of 20 s or more. Swell can peng
the most sheltered locations.

Currents

seas of therégion contain extensive areas of shallow water, channels and headlands that
ng tidal€urrents on a daily basis.

by rrleteorological forcing such as wind and atmospheric pressure.

fed. Where
Ceanic area
hese swell
trate to all

experience

odically, strong currents can also occur in association with storm surge. This is water flpw induced

Significant eddies occur in a permanent current along the coast of Norway.

In the oceans, the continental shelf edge is subject to particularly complex processes that have been
the subject of extensive study. The area west of the Shetland Islands experiences strong currents at
all depths, due to the topography of the sea floor and the interaction of water masses with differing
characteristics. Other sections of the continental shelf edge have yet to be studied in detail. A
comparison of the area to the west of Shetland with the northern North Sea, together with a discussion
of the background to the complex current regime in the area, can be found in reference [52].
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B.8 Other environmental factors

B.8.1 Marine growth

Marine growth, or fouling, occurs in both hard and soft forms and also as seaweed or kelp. Hard fouling
consists of mussels, barnacles and tubeworms, whereas soft fouling consists of organisms such as
hydroids, anemones and coral. Different types of marine growth occur at different water depths and in
different parts of the region. An anti-fouling coating can delay marine growth, but significant fouling is
likely within 2 years to 4 years.

Estimates : the

informatiop from reference [53] is summarized in Table B.1.

Table B.1 — Terminal thickness of marine growth — UK sector

Type of growth
Depth
Hard Soft Algae/Kelps
Omto15m 0,2m 0,07 m 3,0m
15mto30m 0,2m 0,3m unknown
30 m to sea floor 0,01 m 0,3m no growth

Unless more accurate data are available, or if regular cleaning is not'planned, the thickness of marine
growth forareas offshore Norway may be assumed to be those shown in Table B.2 (reference [54]).[The
thickness ¢f marine growth may be assumed to increase linedtly over a period of two years after|the
structure has been placed offshore.

Table [B.2 — Estimated maximum thickness of marine growth — Areas offshore Norway

Depth from mean water level Thickness of marine growth at latitude
m 56° N to 59° N 59°Nto 72°N
Above +2 0,00 m 0,00 m
+2to -40 0,10 m 0,06 m
Below -40 0,05 m 0,03 m

B.8.2 Seaice and icebergs

The Barents Sea is the most-hortherly sea in the region, and there is a large variation of ice conditjons
from year ffo year. Theice usually reaches its maximum extension in April; when in the eastern part
it reaches [the Russiail mainland. The minimum extension is usually in August, when an ice border
can typically be seetrat 80° N. The icebergs that drift in the Barents Sea originate from the glacieys at
Svalbard aphd Eranz Joseph Land and Novaya Zemlya. Reference [55] provides a good general overyiew
of the metqorological and oceanographic conditions pertaining to the Barents Sea area.

Actions from sea ice and icebergs should be taken into account when structures are located in areas
near shore, in Skagerrak, in the northern and western parts of the Norwegian Sea and in parts of
the Barents Sea.

Figure B.3 shows the occurrence of first-year ice in the region, based on satellite observations, with an
annual probability of exceedance of 10-2. For planning of operations, the monthly extreme ice limit with
annual probability of exceedance of 10-2 may be used; however, these data should be used with caution
and allowance made for ice concentrations below some 10 % to 20 %, which cannot be detected by
satellite. Monthly values for the extreme ice limit with an annual probability of exceedance of 10-2 can
be found in reference [55]. These values may be used in evaluations during an early phase of exploration.
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To calculate the actions caused by ice, values for thickness and dimensions of ice floes that are
representative of the area should be selected. The mechanical properties of the ice can be assumed to
be similar to those in other arctic areas.

Regions where collision between icebergs and a structure can occur with an annual probability of
exceedance of 10-2 and 10-4 in the Barents Sea are shown in Figure B.4. Icebergs were observed in

con

B.8

siderable numbers off the East Finnmark coast in 1881 and in 1929.

.3 Snow and ice accretion

The_incidence of snow and ice varies considerably between the southwestern and northeastern limits

of n
and

Est
[53
the

orthwest Europe. In the southwest, snow and ice occur infrequently, while in the north
ice are important design parameters.

; typical values are given in Table B.3. The pressure due to wet snow has beercalculated
range of 0,15 kPa to 0,24 kPa.

Table B.3 — Accumulation of ice — Offshore structures in UK sector

Cause of ice Thickness Density
mm kg/m3
Wet snow 10 to 30 900
Sea spray 5to 25 850

Use
[54
hav

In t
spr
sep
Wh
sur

An
ball

ful information about the occurrence of snow and ice accretion off Norway can be found i
. For areas on the Norwegian continental shelf<where more accurate meteorological ol
e not been made, the characteristic pressure due to snow may be assumed to be 0,5 kPa.

he absence of a more detailed assessment; values for the thickness of ice accretion cau
hy and precipitation may be taken from*‘Table B.4. The thicknesses and densities should be
hrately for ice created from sea spray,and ice created from precipitation, and both should
bn calculating wind, wave and cuftrent actions, increases in dimensions and changes in the

ice from sea spray covers the whole circumference of the element, and

ice from precipitation'covers all surfaces facing upwards or against the wind (for tubular
it can be assumed‘that ice covers half the circumference).

pneven distribution of ice should be considered for buoyancy-stabilized structures. Th
ast water, firewater, etc., which can freeze should also be taken into account.

Table B.4 — Ice accretions — Annual probability of exceedance of 10-2

east, snow

mates of extreme snow accumulations on offshore structures in UK waters are given if reference

as being in

h reference
servations

sed by sea
calculated
be applied.
shape and

face roughness of the structure asa result of ice accretion should be considered by assumjing that:

structures

b effects of

Ice created from sea spray Ice created from precipita-
Height above tion
sea level Thickness Density Thickness Density
m mm kg/m3 mm kg/m3
56° N to 68° N North of 68° N
5to 10 80 150 850 10 900
Linear reduction Linear reduction Linear reduction
10to25 from 80 to 0 from 150 to 0 from 850 to 500 10 900
Above 25 0 0 — 10 900
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B.8.4 Air temperature, humidity, and visibility

In winter, typical air temperatures range from -4 °C in the Barents Sea to +10 °C south of Ireland.
Absolute minima are considerably lower. In summer, typical air temperatures range from 6 °C in the
Barents Sea to 18 °C south of Ireland. Absolute maxima are considerably higher.

High humidity occurs when relatively warm air is cooled by the sea. This leads to reduced visibility
or fog. Fog is more common in winter than in summer, with the North Sea experiencing more fog than

most other

areas.

Details of the meteorology of all sea areas are found in navigational publications such as Pilots. Such

documentg

B.8.5 Sea water temperature and salinity

In winter, §
In summen

are published 1n many countries.

ea surface temperature ranges from about 0 °C in the Barents Sea to 12 °C south of Irelj

higher te

Mean sal
particular

B.9 Esti

B.9.1 Ex

In the nort
wave event
pressure. ]

Actions on
structures
how wind,

Metocean |
wave and

of conditional probability. This information should not replace the detailed, site-specific parame

which shoy
for, or oper

::Ecy is fairly constant at 35 PSU, but lower salinity occurs around the ‘coasts of Norway an|

the corresponding range is from about 8 °C to 18 °C. Both lower temperatures in winter
eratures in summer are regularly attained locally.

n the Baltic Sea where the surface water is much less saline.

mates of metocean parameters

freme metocean parameters

hwest European region, there is a high (but not pgrfect) correlation between severe wind
s. Storm surge events are also associated with-strong winds as well as with low atmosphl
ides are forced by astronomical influences;@nd as such are independent of meteorology.

a structure are due to the combined”action of wind, waves and current. Howeve
react differently, and without detailed knowledge of a structure it is not possible to de
waves and current should be characterized and combined to generate actions.

barameters for several locations in the region are provided in Tables B.5 to B.12. The w

1d be obtained for thé design or assessment of a particular structure that is to be construg
ated at, a particularsite.

Table B.5 </Andicative values of metocean parameters — Sites in Celtic Sea

ind.
and

d in

and
eric

all
fine

ind,

rurrent values are independently derived marginal parameters; no account has been taken

fers
ted

Return period N
Metocéan parameter years
1 5 10 50 100
10 min mean wind speed (m/s) 27 31 32 35 37
Significant wave height (m) 9,4 11,8 12,8 15,4 16,8
Spectral peak period 2 (s) 13,9 15,6 16,3 179 18,7
Surface current speed (m/s) 0,89 0,92 0,94 0,98 1,00

a

Assume the spectral peak period can vary by + 10 % around these central estimates.
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Table B.6 — Indicative values of metocean parameters — Sites in southern North Sea

Return period N
Metocean parameter years
1 5 10 50 100
10 min mean wind speed (m/s) 27 31 32 35 36
Significant wave height (m) 6,0 71 7,5 8,6 9,0
Spectral peak period 2 (s) 11,3 12,3 12,6 13,6 13,9
Surface current speed (m/s) 1,17 1,23 1,25 1,31 1,33
a Assume the spectral peak period can vary by + 10 % around these central estimates.
Table B.7 — Indicative values of metocean parameters — Sites in central North|Sea
Return period N
Metocean parameter years
1 5 10 50 100
10 jnin mean wind speed (m/s) 31 33 34 36 39
Sigllificant wave height (m) 9,8 11,2 11,8 13,1 13,6
Spectral peak period 2 (s) 13,6 14,6 15,0 15,7 16,0
Surfface current speed (m/s) 0,88 0,90 1,00 1,00 1,00
a Assume the spectral peak period can vary by + 10 % around\these central estimates.

Table B.8 — Indicative values of metocean‘parameters — Sites in northern North Sea

Return period N
Metocean parameter years

1 5 10 50 100
10 jnin mean wind speed (m/s) 35 39 40 43 45
Sig‘lificant wave height (m) 12,0 13,6 14,3 15,7 16,4
Spectral peak period 2 (s) 14,6 15,5 15,9 16,7 17,0
Surfface current speed (m/s) 0,60 0,65 0,70 0,85 0,90
a Assume the spectfalpeak period can vary by + 10 % around these central estimates.

Table B:9.— Indicative values of metocean parameters — Sites west of Shetland

Return period N
Metocean parameter years

1 5 10 50 100
10 mifrmean-wind-speed{m/s} 35 39 46 43 45
Significant wave height (m) 13,2 15,0 15,7 17,3 18,0
Spectral peak period 2 (s) 16,2 17,1 17,4 17,9 18,2
Surface current speed (m/s) 1,64 1,78 1,80 1,95 2,00
a Assume the spectral peak period can vary by + 10 % around these central estimates.
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Table B.10 — Indicative values of metocean parameters — Sites at the Haltenbank

Return period N
Metocean parameter years
1 5 10 50 100
10 min mean wind speed (m/s) 32 35 34 36 37
Significant wave height (m) 11,6 13,3 13,9 15,7 16,4
Spectral peak period 2 (s) 15,9 16,8 17,2 17,9 18,2
Surface current speed (m/s) 0,80 0,85 0,95 1,00 1,05

a As{

ume the spectral peak period can vary by # 10 % around these central estimates.

Tlable B.11 — Indicative values of metocean parameters — Sites in Barents Sea

Return period N
Metocean parameter years
1 5 10 50 100
10 min medn wind speed (m/s) 33 35 36 39 40
Significant wave height (m) 10,0 11,9 12,2 14,0 14,5
Spectral pepk period 2 (s) 14,7 15,9 16,0 17,1 17,4
Surface curfrent speed (m/s) 0,90 0,95 0,97 1,00 1,05

a Asqume the spectral peak period can vary by + 10 % around these.céntral estimates.
Table B.12 — Temperature ranges — Sites in North Sea,’eastern North Atlantic and Norwegian[Sea
Air temperature Sea surface tempera- | Sea floor temperatyre
Area ture
°C
Celtic Sea -4 to +27 -4 to +22 —
Southern Nprth Sea -6 t0'+26 0to +22 +4 to +15
Central Noyth Sea =6\to +24 +1to +21 +4 to +11
Northern North Sea -7 to +22 +2to +19 +3to +13
West of Shdtland -5to +22 +3to +19 -2 to +12
Haltenbank -9to +18 +5to +17 +5to0 +9
Barents Ses -18 to +18 +2 to +14 -1to+7

B.9.2 Lo

Scatter dia

hg-term distributions of metocean parameters

grams of significant wave height versus zero-crossing period for sites in the North

Sea,

1
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Figure B.1 — Map of northwest Europe region
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Figure B.3 — Limit of sea ice — Northwest Europe region —
Annual probabilities of exceedance of 10-2 and 10-4

Figure B.4 — Limit for collision with icebergs — Northwest Europe region — Probabilities of
exceedance of 102 and 10-4
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Annex C
(informative)

West coast of Africa
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indcast data set for the region is WANE (West Africa normals and extremes)[56]. The W4
odel does not represent squalls, which dominate the extreme wind conditions. Det
bria have so far been derived from a smallthumber of proprietary measured data
heasurement programs that provide improved measurement of squalls are likely to
ure joint industry projects.

mation in this clause has been derived from this source and from the Admiralty Pilots[5§

rview of regional climatology

ern-hemisphere sunimer is defined as July through to September, while the south
e summer is defined’as November to February.

to regions such as the Gulf of Mexico and West of Shetlands, the climate offshore West Af]
sidered benign. The persistent southeasterly trade winds dominate the normal wind reg
bme winds)are caused by squall events. Normal and extreme wave conditions are dominz
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wave comgonent is usually also present.

The long-term current conditions are dominated by large-scale circulation patterns. On shorter time
scales a wide range of oceanographic processes, including mesoscale activity, river outflow, inertial
currents and internal waves, complicate the current regime.

Hotand humid conditions prevail across the region, particularly near the equator. The region encounters
a wide geographical variation in rainfall, with the most intense rainfall being caused by thunderstorms
and squalls near the equator. Visibility is reduced by a variety of factors across the region.

C.4 Water depth, tides and storm surges

There are three major deep ocean basins in the region, all over 5 000 m deep: the Guinea basin, the
Angola basin and the Cape basin. The Guinea and Angola basins are separated by a gently sloping ridge
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along which exist numerous seamounts and, further inshore, an island chain. The much steeper Walvis
Ridge separates the Angola and Cape basins. Between these ridges the continental slope (from the
200 m to 5 000 m depth contours) varies in width from approximately 100 km offshore Ghana to over
600 km offshore Angola.

Equatorial and southwest Africa experience a semi-diurnal tidal regime. Tidal ranges are relatively
small at the coast, with spring tidal ranges around 2 m and neap tidal ranges less than 1 m. The tidal
range decreases rapidly further away from the shore, with a spring tidal range usually less than 1 m in
deep water. Storm surges are small throughout the region.

C.5 Winds

Thg normal wind regime is dominated by persistent southerly trade winds, drivenoby [arge-scale
atmospheric pressure systems. The trade winds are strongest in southern parts of the region where
they typically range from 5,5 m/s to 7,5 m/s, and weakest in the north where theywary betwg¢en 2,5 m/s
to $,0 m/s. The strongest winds generally occur during the northern-hemisphere summer and the
wegkest winds generally occur in the northern-hemisphere winter. Thesg'seasonal variatjons follow
flugtuations in the latitude of the northernmost boundary of the “south-easterly trade wind regime”,

from about 15° N in the northern-hemisphere summer to about 7° N int¢he’northern-hemisp
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Facteristics gf.different squalls, can lead to considerable variations in vessel or offshor
ponse. Furthrer measurements are required to better define squall characteristics, inclug
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nderstorms and squalls are responsible for the strongest winds, but are thought to gefperate only

weak currents and low wave heights due to the limited fetch and duration.

C.6

The

Waves

wave climate offshore West Africa is dominated by swell from two distinct sources:

— high-latitude extra-tropical storms in the South Atlantic generate swell from the southwest;

— episodic increases in the trade winds offshore South Africa generate swell from the southeast.

Wind seas are driven by the local winds.
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The swell is greatest in southern parts of the region, where extreme significant wave heights can be
about 9 m[59]. Wave heights decrease further north due to dissipation, where extreme values of about 3 m
to 4 m are more typical. It is in these more northern regions that locally-generated wind seas can become
just as important as the swell component, at least for structural designs that are governed by drag.

Swell waves from distant storms can be associated with long peak periods, sometimes in excess of
20 s. Such long-period waves can be critical for the operability of some vessels. Longer period swells
are generally encountered in northern parts of the region, due to the longer propagation distance
from the source.

The wave spectrum is often characterized by at least two peaks, a swell component and a locally-
generated wind seas component, the latter having significant wave heights of about 1 ml[60]. Owir‘f to

the presenfe of both sea and swell, it is not appropriate to represent the sea state offshore West\Affica
using a spectral model with just one peak. Use of a bimodal Ochi-Hubble spectra is recommengdled;
however, the latest results from research into appropriate spectral models of the wave climate offshore
West Africp under the joint-industry West Africa squall project (WASP) should be considered.

As swell approaches the coast in some parts of the region, particularly along the coast of South-West
Africa, it chn be transformed into a phenomenon called rollers. These are large steep waves that|are
likely to affect both floating structures in near-shore regions and coastal infrastructure.

C.7 Currents

The long-térm current conditions offshore West Africa are controlléd by the large-scale anti-clockwise
surface cifculations of the South Atlantic Ocean. These currents undergo seasonal variation$ in
intensity and extent, but are generally less than 0,5 m/s. Although they usually only impact the deep
ocean, the [key characteristics are described here, mostlyderived from an excellent review condug¢ted
as part of the WAX projectl61],

The Benguela Current flows northwards along the toast of Namibia and separates from the coadt to
form part pf the South Equatorial Current that turns westwards near the equator to flow across|the
Atlantic Odean. The Benguela Current only affects the southern-most deep water parts off Namibia.

The other ¢nergetic (peaks of the order of 8,50 m/s) current system in the region, the Guinea Current,
flows eastyard along the Ivory Coast to\Nigeria in the upper part of the water column, below which|the
Guinea Undlercurrent flows towards(the west.

Other current systems in the Tegion are weak (0,1 m/s) but can be persistent. The Equatdrial
Undercurrent flows eastwards along the equator underneath the South Equatorial Current, and splits
into two branches when it-péaches the West African coast. The northern branch enters the Gulf of
Guinea and the southermnbranch feeds the southward-flowing Gabon-Congo Undercurrent, and then
surfaces tq form partsof the southward-flowing Angola Current. Throughout most of the region,|the
current difrection often reverses, through a vertical section, leading to complex current profiles with
strong shear.

The large-g$cale circulation patterns described above are characterized by significant meanders, pnd
numerous eddies are formed elther side of the main [low. This mesoscale activity 1s found throughout
the region and can be associated with stronger-than-average currents flowing in directions different to
that of the larger scale flow.

Strong currents have been encountered near the Congo River, and these can extend perhaps 50 km
north of the mouth of the river. These strong currents are confined to the uppermost few metres of the
water column, but can be responsible for extreme current conditions.

Perhaps of wider impact is the effect of the major rivers on the near-surface salinity. Significantly
fresher water can be observed several hundred kilometres from the mouths of the Congo and Niger. The
stratification means that strong (1 m/s) inertial currents can be generated in the upper water column
(approximately the top 30 m) by local winds.
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Tidal currents are generally less than 0,1 m/s throughout the region, although local intensification
exists in some areas due to seabed features. In such regions the tidal currents are likely to generate
internal waves at the tidal period, called internal tides. These manifest themselves as currents that
vary in time at the semi-diurnal tidal period, but flow in opposite directions in different depths of
the water column. Shorter-period internal waves (solitons) have been reported in some parts of West
Africa. Although the currents associated with these internal waves are unlikely to be much higher than
0,5 m/s in the region, they cause rapid changes in current speed and direction over periods as short as
half an hour, so can be significant for design and operation of marine equipment.

Strong inertial currents have been observed in some deep-water areas offshore West Africa. The
directi ° ' ' i iod of large-
scale oscillations in the ocean). The inertial period is infinite at the equator and decreasesth latitude.
Ineftial currents are particularly notable offshore southern Namibia where the inertial.perfod is close
to 24 h, allowing a near-resonant response to diurnal variations in wind forcing. The'verticdl structure
of inertial currents can be complex, with one or more peaks in the current speed that move vertically
thrpugh the water column with time.

conditions
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The
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can

description given in this subclause only provides a very general overview of current
ly to be experienced offshore West Africa. The processes that drive ocean currents are cq
e numerous and complex than those that drive wind and waves{aiid site-specific meg
be required to derive criteria for engineering design, particularly in deeper waters.

C.8 Other environmental factors

C.8{1 Marine growth
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'm water conditions coupled with an abundance-of nutrients are likely to lead to exteng
wth. The rate of growth and the particular marine species are likely to vary considerah
on, but a typical thickness of about 0,1 m.can be expected in the upper 50 m of the wat
up to about 0,3 m above mean sea leveldn the splash zone.

2 Tsunamis

t Africa is not considered one of the high-risk areas for tsunami activity, although fu

inct tsunami events anywhere in the region, both of which affected the coastal region
first event in 1911 was-associated with a wave of height 1,5 m, and the second event in
ight of 0,6 m.

3 Seaiceand icebergs

ice doesqot develop within the region, and iceberg drift is not a design consideration. Icq
h sighted as far north as 35° S, and are possible around the Cape of Good Hopel38].
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C.8

4 Snow and ice accretion

As with sea ice, snowfall and ice accumulation on structures are not design considerations.

C.8

.5 Air temperature, humidity, pressure and visibility

High air temperatures are encountered throughout the region, particularly close to the equator. In
equatorial West Africa, daily temperatures range between 23 °C and 33 °C in the northern-hemisphere
summer, and 20 °C to 25 °C in the northern-hemisphere winter. In southwest Africa, daily temperatures
range between 26 °C and 31 °C in the southern-hemisphere summer and 20 °C to 27 °C in the southern-
hemisphere winter. These figures were derived from a climate summaryl62] containing data from
onshore meteorological stations and some offshore measurements.
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The amount of rainfall varies considerably over the region, with very high values near the equator
(annual total up to about 4 000 mm) and low rates in the south (annual total as low as 40 mm). The most
intense rainfall is usually associated with thunderstorms and squalls.

The relative humidity is highest in equatorial regions, where values often exceed 90 %, and generally
decreases towards the south. Warm air temperatures combined with high humidity represent a
potential hazard to personnel. The humidity varies throughout the day, with a maximum generally
occurring in the morning and a minimum during the afternoon. Seasonal variations also exist in many
parts of the region, with a maximum in the southern-hemisphere summer and a minimum in the
southern-hemisphere winter. Large fluctuations in humidity can be caused locally by changes in the
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C.8.6 Sea water temperature and salinity
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sure system is usually located in the southeast Atlantic close to 30 °S 10 °W, driving
ly trade winds that prevail over the region. The position of this high leads to)gener
ospheric pressures in the south and lower pressures in equatorial regiohs: Seas
in mean atmospheric pressure are typically between 101,0 kPa (1 010 mbaxr)and 101,4
hr) near the equator and between 101,4 kPa (1 014 mbar) and 102,2 kRay@ 022 mbar
The atmospheric pressure is higher over the entire region during the southern-hemispt
an during the southern-hemisphere winter. Atmospheric pressurg~undergoes signifi
iations in many parts of the region.

ratures, humidity and pressure all undergo rapid changes during the passage
rms and squalls.

reduced by fog along many parts of the coast, particularly in areas to the south influen
water of the Benguela Current. Low visibility is alsercaused by dust (windborne sand
particularly near the equator, offshore Namibia and most notably in the Bight of Biafra.

b temperatures are warmest near the equator, where they typically range between 24 °C
the year, and cooler in the south where seasonal variations between about 13 °C and 1
peratures across the region are warimer during the southern-hemisphere summer and co
southern-hemisphere winter.

transported into the regien'by the Benguela Current is a major influence on sea-sur
e in southern regions,lio¢alized decreases in surface temperatures occur along sev
e continental slope throughout West Africa, due to upwelling of cooler deep waters. The w
enerally stratified threughout the year, with temperatures less than 15 °C at 200 m deptl

b salinities in the-open ocean are generally between 35 PSU and 3 PSU, but there are Y
reductions in-salinity in areas influenced by river discharge, where salinity can be as
The Congo\River provides one of the largest inputs of fresh water into an ocean anywl}
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C.9 Esti

mates of metocean parameters

C.9.1 Extreme metocean parameters

Indicative extreme values of wind, wave and current parameters are provided in Tables C.1 to C.4 for
various return periods and for four locations offshore West Africa. The wind, wave and current values
are independently derived marginal parameters; no account has been taken of conditional probability.
Table C.5 gives extreme values for other metocean parameters. As for all indicative values provided
within this annex, these figures are provided to assist preliminary engineering concept selection; they
are not suitable for design of offshore structures.

Extreme wave conditions offshore Nigeria are caused by swell from distant storms, and Nigerian wave
spectra tend to be more narrow-banded compared to most extreme conditions in other parts of the
world. The Rayleigh distribution assumes narrow-band conditions, whereas the Forristall distribution
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is a modified Rayleigh distribution which takes account of the wider band conditions within storms.
The Rayleigh distribution leads to a higher ratio of Hyax/Hs, typically by about 10 %l41]. Calculations
of the short-term statistics from offshore Nigeria hindcast spectral4l] show that their distribution is
close to halfway between Rayleigh and Forristall, which results in individual wave height around 5 %
lower than would be predicted by the Rayleigh distribution. In addition, account is made of short-term
variability, i.e. the possibility that the maximum individual wave could occur in a sea state other than
the maximum sea state. The net result of the computations is that the ratio Hyax/Hs tends to a value of
2,0 rather than 1,9.

Structures can be sensitive to different combinations of sea and swell heights as well as spectral peak

perjads and spectral widths. A representative combination of wave/swell parameters should be defined
for the location of interest, and the largest action effects for the component being desigred should be
determined. A combination of 100 % wind waves with no swell and, separately, 100 % swgll with no
wind waves is a useful combination to test on structures. For swell, the longer T, range-Shoyld be used,
and for wind waves the shorter T, range.
Thble C.1 — Indicative wind, wave and current parameters — Shallow water sites off Nigeria
Return period
Metocean parameter yeIer
1 5 10 50 100
Nominal water depth 30 m
Willld speed at 10 m above MSL (m/s)
10 min mean 19 23 25 29 31
3 sgust 24 29 32 37 39
Wape height (m)
Maximum 4,8 5,5 5,8 6,5 6,8
Significant 2,3 2,7 2,8 3,2 3,3
Waye direction (from) SSw
Spectral peak period (s)
For swell 15to 17 15to 17 15to 17 15to 17 15to 17
For wind seas 7to8 7to8 7to8 7to8 7to8
Curfrent speed (m/s)
Supface a 0,9 1,0 1,0 1,1 1,1
Mid-depth 0,8 0,9 0,9 1,0 1,0
1 m above sea floor 0,5 0,6 0,6 0,7 0,7
a These extreme values exclude any effect from river plumes.
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Table C.2 — Indicative wind, wave and current parameters — Deep water sites off Nigeria

Return period N
Metocean parameter years
1 5 10 50 100
Nominal water depth 1000m
Wind speed at 10 m above MSL (m/s)
10 min mean 19 23 25 29 31
3 sgust 24 29 32 37 39
Wave height (m)
Maximum 5,7 6,4 6,8 7,5 7,7
Significant 2,7 3,2 3,4 3,7 3,8
Wave direcfion (from) SSW
Spectral pepk period (s)
For swell 14 to 16 15to 17 16 to 18 17 to 19 17 to 19
For wind seas 7to8 7to8 7to8 7to8 7 to g
Current spged (m/s)
Surface a 1,1 1,2 N2 1,3 1,4
Mid-depth 0,3 0,3 0,3 0,3 0,4
1 m above sea floor 0,2 0,2 0,2 0,2 0,2
a Thgse extreme values exclude any effect from river plumes.

Table|C.3 — Indicative wind, wave and currentparameters — Sites off northern Angola

Return period N
Metocean parameter years
1 5 10 50 100
Nominal water depth 1400 m
Wind speed at 10 m above MSL (m/s)
10 min mean 16 20 21 25 26
3 sgust 19 23 25 29 31
Wave height (m)
Maximum 79 8,6 8,8 9,5 9,9
Significant 4,0 4,3 4,4 4,7 4,9
Wave direcfion¢(from) SSW
Spectral pepkiperiod (s)
For swell 13 to 17 13 to 17 13 to 17 13 to 17 13 to 17
For wind-seas 7to8 7to8 7to8 7to8 7to8
Current speed (m/s)
Surface a 0,9 1,0 1,0 1,2 1,2
Mid-depth 0,2 0,3 0,3 0,3 0,3
1 m above sea floor 0,2 0,3 0,3 0,3 0,3
a These extreme values exclude any effect from river plumes.
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Table C.4 — Indicative wind, wave and current parameters — Sites off southern Namibia

Return period N
Metocean parameter years
1 5 10 50 100

Nominal water depth 200 m
Wind speed at 10 m above MSL (m/s)

10 min mean 20 20 26 29 31

3 sgust 25 27 32 36 39
Waye height (m)

Maximum 12,7 13,7 16,0 19,0 20,0

Significant 6,8 7,4 8,7 10,0 10,6
Waye direction (from) SSE/SW
Spectral peak period (s)

For swell 11 to 14 12 to 15 13 to16 14 to 17 14 to 17

For wind-seas 7to8 7to8 7.t0'8 7to8 7to8
Curfrent speed (m/s)

Surface a 1,1 1,2 1,2 1,3 1,4

Mid-depth b 0,3 0,3 0,3 0,3 0,5

1 m above sea floor 0,3 0;3 0,3 0,4 0,5
a These extreme values exclude any effect from river pliintes.
b Mid-depth currents off southern Namibia are below: the seasonal thermocline where currents can be ftronger.

Table C.5 — Indicative extreme values for other metocean parameters

Metocean parameter Nigeria Northern S ““?e.r“
Shallow water Deep water Angola Namibia

Medn spring tidal range (m) 1,9 1,5 1,4 2,0
Sealwater temperature (°C)

Minimum near surface 22 25 17 9

Maximum neap-surface 32 31 28 28

Minimum néapbottom 20 4 4 4

Maximuiriiear bottom 30 4 4 —
Airftemperature (°C)

Minimum 18 20 17 8

Maximum 33 33 35 26

C.9.2 Long-term distributions of metocean parameters

Recorded wave spectra offshore West Africa are complex and present simultaneous long-period swell
components, with various peak periods and directions, generated by storms in different parts of the
Atlantic Ocean. In situ wave measurements also indicate that mixed swell and wind sea conditions are
quasi-permanent. As a minimum for design purposes, one swell component should be superimposed on
a wind-sea component. A refinement considers two swell partitions superimposed on a wind sea.

Wave-scatter diagrams for two areas offshore West Africa are provided in Tables C.6 and C.7, showing
combinations of total significant wave height and associated spectral peak wave periods of combined
wind seas and swell conditions. The information in these tables was generated from the WANE hindcast
modell26,59]. It should be noted that a significant proportion of the wave energy in any given sea state
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offshore West Africa consists of long-period swell. These tables are not always conservative for certain
applications to dynamically responding structures, therefore designers should also test against the
appropriate dual-peaked cases such as those given in Table C.8.

Table C.6 — Percentage occurrence of total significant wave height vs. spectral peak period —
Offshore Nigeria location

Signifi- Peak period
cant wave S
height | 0to | 2to | 4to | 6to | 8to [10to [12to | 14to | 16to |18t0|20t0|22t0| . oy | 7oral
m 199139917599 T799 1799911199 13;99 7155917951999 1215912359
0,00 to 0,49 0,02 0,03 | 0,02 | 0,03 0,10
0,50t0 0,99 0,50 | 537 | 255|348 | 3,14 | 2,46 | 0,64 | 0,13 | 0,05 | 0,02 18,34
1,00 to 1,49 0,34 | 11,01 |16,65| 9,40 |11,01| 8,76 | 2,74 | 0,88 | 0,24 | 0,04 61,07
1,50to 1,99 0,08 | 585 | 4,67 | 2,76 | 295 | 1,19 | 0,33 | 0,09 | 0;03 17,p5
2,00to 2,49 0,17 | 0,79 | 0,58 | 0,41 | 0,19 | 0,07 | 0,03 2,24
2,50to 2,99 0,06 | 0,08 | 0,04 | 0,05 | 0,02 0,25
> 3,00 0,02 | 0,03 0,05
Total 0,84 16,48 (25,22 (18,43 |17,61 |14,68 (4,81 [t43 | 0,41 | 0,09 0 |100)00

Table C.7|— Percentage occurrence of total significant wave height vs. spectral peak period|—
Offshore Angola location

Signifi- Peak period
cant wave S

height || 0to | 2to | 4to | 6to | 8to | 10to | 12\to | 14to | 16 to | 18 to | 20 to | 22 to - 24| Total

m 1,99 | 3,99 | 599 | 799 | 9,99 [11,99(13,99|15,99 1799|1999 |21,99 | 23,99

0,00 to 0,49 0,01 | 0,03 |.0,04 | 0,06 | 0,06 0,20
0,50 to 0,99 0,01 | 1,00 | 398 | 1,82(])5,17 | 5,52 | 3,70 | 1,17 | 0,34 | 0,13 | 0,01 | 0,00 | 2285
1,00 to 1,49 0,60 | 6,28 |10,48|11,4911,38| 9,19 | 2,87 | 0,83 | 0,19 | 0,06 | 0,00 | 53,37
1,50 to 1,99 0,01 | 0,06.D2,86 | 578 | 4,76 | 3,52 | 1,51 | 0,54 | 0,12 | 0,01 1917
2,00 to 2,49 0,07 | 094 | 1,33 | 1,05 | 0,34 | 0,10 | 0,01 3,84
2,50 to 2,99 0,00 | 0,04 | 0,14 | 0,23 | 0,10 | 0,03 0,$4
3,00 to 3,49 0,02 | 0,01 0,03

>3,50 0,00 0,0

Total 0,00 120,01 | 1,61 |10,33|15,26|23,46|23,19|17,77 | 6,00 | 1,84 | 0,45 | 0,08 | 0,00 | 100,00

Wind seas find swell conditions are considered as independent phenomena. In principle, any combination
of wind sehs-and swell Hs—T; classes is possible, and all permutations, with their joint frequencly of
occurrence, should be considered for engineering purposes.

Sea states offshore West Africa can be represented by the dual-peaked Ochi-Hubble spectra. Table C.8
provides an example of a scatter diagram for offshore Angola.

For the purposes of defining bimodal spectra representing combined swell and wind sea conditions,
the total significant wave height Hs and the associated spectral peak period T, should be divided
into a swell part and a wind sea part. This can be achieved by inspection of a frequency table of the
joint occurrences of Hs and Tp. The low wave heights associated with the wind sea component permit
selection of relatively few significant wave height classes for wind seas. The frequency of occurrence
of swell Hs with associated T, should be calculated, conditional on the value of the wind sea Hs with its
associated T, to determine the frequency of occurrence of each combined wind sea/swell bimodal sea
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state. The resolution of the swell Hy class will determine the number of combinations of wind sea and
swell Hs and T}, available for engineering purposes.

The example in Table C.8 provides information on the joint frequency of occurrence of swell and wind
sea conditions, giving the significant wave height, the peak period, the associated parameter y and the
direction of swell (1) and wind sea (63) for a site offshore Angola.

For the example data in Table C.8, the values from any row can be used to construct a bimodal Ochi-
Hubble spectrum. Sea states should be assumed to be representative of a duration of 3 h. The values of
percentage occurrence in Table C.8 can be used to define the fatigue wave climate.

Taljle C.8 — Example of wind sea states used for combined wind sea/swell bimodal $ep states —
Offshore Angola
No. |% occurrence I-frsll T£1 }i:lz T‘S’Z vl y2 61 (towatrds) | 6} (towards)
P91 15,3 091 12 0,76 7,7 7,0 2,1 27 21
P31 12,1 0,61 11 0,70 7,2 7,3 1,6 25 23
208 10,9 0,61 12 0,70 7,7 7,3 1,8 29 19
|54 8,1 091 11 0,76 7,2 7,1 1,8 22 23
[17 6,1 1,22 12 0,82 8,1 7,4 2,9 27 22
103 54 0,61 10 0,73 6,3 5,4 1,4 21 27
94 4,9 091 13 0,76 8,4 7,5 2,3 30 18
90 4,7 1,22 13 0,85 8,2 7,2 2,2 32 21
72 3,8 0,61 13 0,79 7.9 71 2,2 33 19
65 34 091 14 0,88 8,7 7,5 2,4 33 17
63 3,3 0,61 14 0,79 8,9 7,7 2,3 35 18
52 2,7 1,52 13 0,91 8,7 8,1 2,4 29 22
47 2,5 1,22 14 0,98 9,4 8,3 2,7 31 21
37 19 1,52 14 0,98 9,4 7,3 31 32 19
36 1,9 1,22 11 0,88 7,7 7,5 2,0 21 22
35 1,8 091 10 0,76 59 4,0 1,4 21 31
32 1,7 0,61 15 0,91 9,6 8,4 2,4 32 22
29 1,5 091 15 0,88 9,4 8,7 2,9 34 17
28 155 0,30 12 0,61 8,6 8,7 3,3 32 15
27 1,4 1,52 12 0,82 8,6 7,5 5,0 27 21
26 1,4 0,30 11 0,76 7,0 8,1 1,9 28 18
24 1,3 1,52 15 1,01 9,8 8,1 2,5 31 20
23 1,2 1,83 14 0,88 8,7 7,0 1,7 32 18
20 1,1 0,61 17 1,04 10,2 9,0 2,8 31 23
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Annex D
(informative)

Offshore Canada
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.1 General

geographical scope of this annex includes current hydrocarbon-producing,regions
ada: the Sable Island region offshore Nova Scotia and the Grand Banks_6f, Newfound

pwater, the Beaufort Sea and the Gulf of St. Lawrence.

offshore Labrador;
the Sverdrup Basin (Queen Elizabeth Islands),
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Figure D.1 — Map of Canada
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ire D.2 — East Coast of Canada Current Regions of Qil'and Gas Production Operatio
Sable Island offshore Nova Scotia and on the Grand Banks offshore Newfoundland and

D.1.2 Grand Banks
Theg Grand Banks are one of the world’s_largest and richest resource areas, renownefl for both
its waluable fish stocks and petroleum reserves. Situated off the southeast coast of thg island of

NeV
bet
Gra
has
NeV

yfoundland, the Grand Banks are a series of raised submarine plateaus with a water deg
veen approximately 40 m and 200" m. Grand Bank is the largest of several banks com
hd Banks of Newfoundland, and lies to the east and southeast of the Avalon Peninsula. (
a relatively flat surface that\is generally less than 120 m deep. It is separated from tH
yfoundland by the Avalon‘Channel which has water depths ranging up to 200 m deep.

th ranging
prising the
rand Bank
e island of

D.1.3 Scotian Shelf
The Scotian Shelf comprises an area of approximately 120 000 km2, is over 700 km long anfl ranges in
width from 1004%mi'to 250 km. The Scotian shelf physiography consists of three physiograpHic zones:
a) |Inner Shelf
The _Inner Shelf borders mainland Nova Scotia, extending roughly 25 km offshore, yith water
dépths less than 100 m. It is characterized by rough topography.
b) Central Zone

This zone is about 80 km to 100 km in width and lies between the Inner Shelf and Outer Shelf. It is
characterized by an inner trough running parallel to the coast, and isolated banks with intervening
basins and valleys. Water depth varies from less than 100 m over the banks to about 180 m in the
inner trough, with some basins up to 300 m in depth.

c) Outer Shelf

This zone is bounded by the eastern shelf break and is about 50 km to 70 km wide. This shelf
is characterized by broad flat banks with little relief. Sable Island Bank is the largest and most
extensive bank on the Scotian Shelf, with water depths less than 100 m. Sable Island is an arc-
shaped sandbar more than 40 km long and about 1,3 km wide.
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D.1.4 De

epwater

The Flemish Pass and Orphan Basin are two hydrocarbon fields located in deepwater. These fields are
located beyond the Grand Banks, approximately 450 km offshore Newfoundland, as shown in Figure D.2.
Water depth varies from 1 100 m to 3 500 m in the Flemish Pass and Orphan Basin, respectively.

D.1.5 Gulf of St. Lawrence

The Gulf of St. Lawrence is located at the mouth of the St. Lawrence River; it is the body of water
enveloped by Quebec and the Atlantic Provinces, shown in Figure D.2. The Gulf contains channels with

water depthsup to 300 m

D.1.6 Be

The Beaufgrt Sea is located along the Arctic Circle in northwestern Canada, as shown in\Figure

There are {

aufort Sea

hree main bathymetric features in the southeastern Beaufort Sea:

the co

a)
b) theco

c) thetre

D.2

Data regar
regulatory|
Scotia Offs

Another so
model[187]
to 2013) w
include the
Scotian shé

separate hindcast has been carried out for the Canadian Beaufort Sea covering the period 1970-2013l

For the of
project-spe

Itinental shelf, which slopes gently from the coastline to water depths of approximately 10

Data sources

tinental slope, angling steeply from the edge of this shelf to depths-0f1 000 m; and

nch-like Mackenzie (or Herschel) Canyon, which transects a portion of the shelfNumber-1[]

bodies, such as the Canada-Newfoundland Offshore Petroleum Board and the Canada-N
hore Petroleum Board, Operators, federal government agencies and published papers.

urce of metocean related information is the:MSC50 North Atlantic Wind and Wave hind
This model was developed for the Metéorological Service of Canada and is a 60-year (1
ind and wave hindcast model of the North Atlantic. The model is currently being update
years 1998 to 2003. It allows the.estimation of extreme wind and wave parameters for
If and the Grand Banks of Newfoeundland as well as other locations in the North Atlantj

'shore Newfoundland and-Labrador region, environmental impact statements as wel
cific design environmental criteria were available from the Operators as well as of

D.1.

ding metocean conditions in the region are available from a variety of sources. These include

ova

rast
054
d to
the

c. A
p31],

I as

her

bnts
96)

related information. With respect to the offshore Nova Scotia region, environmental impact statemd
and development plan applieations were utilized such as Sable Offshore Energy Project (SOEP) (19
[185], Deep [Panuke (2002)[171] and Cohasset/Panuke (1990)[170],

cen
6],

nd-

A descriptfon of ohsefved variability in ice patterns over a 30-year period (1981 to 2010) has b
published {n map<férmat by the Canadian Ice Service and used here to describe normal conditions
A second re¢port of the Canadian Ice Service provides the thickness of un-deformed ice observed at 14
fastice statiéns around the Gulf(16Z]. The thicknesses are listed in Table D.1 along with observed ice drift
statistics from satellite-tracke ern
Gulf. Lastly, data for ice thickness of deformed mobile pack ice are listed that were collected with a
helicopter-borne electromagnetic (EM) sensor over the southern Gulf. The southern Gulf is referred to
as the shallow region southwest of the main shipping lane from Cabot Strait into the upper St. Lawrence
Estuary. The deeper area of the Gulf, north of the shipping lane, is referred to as the northern Gulf.

Sea-ice data for the Flemish Pass has been extracted from the Provincial Airlines (PAL) (2001)
report[183], This report was conducted on behalf of Petro-Canada to evaluate sea ice and iceberg
conditions surrounding the Bay du Nord exploration site (47,55° N, 46,20° W). PAL utilized the Canadian
Ice Services (CIS) and the US National Ice Center (NIC) database for this purpose.

A comprehensive listing of additional related environmental and meteorological information sources is
presented in D.13.
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D.3 Overview of regional climatology

D.3.1 Atlantic Canada

D.3.1.1 General

Offshore Atlantic Canada has very complex and unpredictable weather. The variable climate of the
Canadian east coast is influenced by the warm Gulf Stream and the cold water of the Labrador Current.
It is also influenced by seasonal changes in air masses, exchanges in energy between the atmosphere
and the ocean, seasonal variations in sun radiation, the rugged coastal topography as well as the

var

ability of the Icelandic Low and the Bermuda High, which Tocally control the Jet Streain and thus

storm tracks. They are described further below.

D.3}]1.2 Icelandic Low

The Icelandic Low is a large low-pressure system normally located near\-Iceland and southern
Grepnland. In mid-summer, when it is at its weakest, it can lie as far west ag the Hudson Stradfit. [t exerts
a major influence on the tracks of lows passing through Atlantic Canada, and fosters the §trong cold
northwesterly Arctic air flow across the region in winter and early spring.

D.3|1.3 Bermuda High

Theg Bermuda High is a semi-permanent high-pressure zone‘with its mean centre lying east ¢f Bermuda
and southwest of the Azores. It can play a major role in-the climate of eastern Canada in pring and

sunpmer, when it is most persistent. It causes air of tropical origin to penetrate the southfern United

Stat
per

D.3

Hig
su

for
reg

Eas
Und
and
sea
suff
The
Iceh
des

es and move northward to become entrained imWesterly winds. In general, this air c
ods of warm humid air and heavy precipitation to Atlantic Canada.

1.4 Eastern Canada weather

h winds and storms are more common in eastern Canada during the winter months.

mer months have fewer, less internse storms and moderate winds, and precipitation is us
of fog, drizzle or rain showers:-Hurricanes and tropical storms from the south can tH

on in the autumn. Air qualityiin the region is generally good, both onshore and offshore.

tern Canada can expefience very cold winters which result in the seasonal occurre
er predominantly nornthwesterly winds and southward-moving Labrador Current br

sonally offshoreNewfoundland and Labrador in a variety of forms and concentrations.
icient draft eanvmake contact with the seafloor of the Grand Banks and create scours on

maximump>water depth at which scours would be expected to occur is approximat
ergs arexdre offshore Nova Scotia, but pack ice can be encountered and should be consid
gn of-offshore facilities.

The

Ain bring in

Spring and
1ally in the
reaten the

nce of ice.
hnches, ice

icebergs travel squthwards along the Labrador coast. Ice (pack ice and icebergs) is encountered

[cebergs of
he seabed.
bly 200 m.
ered in the

Gfand Banks region offshore Newfoundland is considered to be a harsh environment

due to the

possibility of intense storms and the potential for ice (sea ice and icebergs). Superstructure icing can
also occur between December and March because of the temperature and wind and wave conditions.
Restricted visibility due to fog is also common, especially in the spring and summer months, when
warm air masses overlie the cold ocean surface. The worst visibility conditions are experienced in July.
During the winter months, restricted visibility can also be caused by snow in addition to fog and mist.

Major seasonal mean current patterns that influence the regional climatology, and the relative location
of Greenland to the Canadian east coast, are shown in Figure D.3.
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Figure D.3 — Canadian east coast ocean current regime

D.3.2 Bepufort Sea

Temperatufres in the Beaufort Sea typically range up to +20°C in the summer and typically dowh to
below -35(°C in the winter-There are, on average, approximately 4 500 freezing-degree days in fthis

southeast July
to Septeml ent
of all strong winds with speeds exceeding 50 km/h are from the west or northwest. These winds|are
responsiblg for‘the m lis

occurs about 20 % of the time due to snow, fog, etc.

NOTE: Due to the complexity of the heat exchange between ice, water and air and their measurement,
readily available air temperature measurements are often used to quantify the effect of freezing and
melting conditions. More specifically, when the mean air temperature for a day is below the freezing
point temperature of water, the numerical value can be expressed as the number of Freezing Degree-
Days (FDD) and, when above the freezing point temperature, expressed as the number of Melting
Degree-Days (MDD). The freezing point temperature of typical marine waters is -1,8° Celsius.

D.4 Water depths

The water depths on the Grand Banks are generally less than 200 m, as shown in Figure D.2.
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The water depths in the offshore Nova Scotia area addressed in this annex range from 20 m to 80 m,
whereas the waters of the Grand Banks current installations are on the order of 80 m to 130 m.

There are also deepwater locations offshore eastern Canada, such as the Flemish Pass and the Orphan
Basin, which have depths of 1 100 m and 3 500 m, respectively. There are other potential deepwater
hydrocarbon-producing areas offshore Newfoundland and off the Scotian Shelf.

The main characteristic of the water depths in the Gulf of St. Lawrence is the presence of channels of
300 m depth that run into the Gulf from Cabot Strait, as shown on Figure D.4. One branch runs towards
the west up to the Saguenay River entrance, and others run east and north towards the strait of Belle-
Isle and around Anticosti Island. The next largest feature is the southern Gulf, surrounding Prince

EdWard Island and the Magdalen islands, with water depths less than 100 m.

Water depth is highly variable in the Beaufort Sea. The continental shelf hereyhas

ap
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oximately 100 m. This shelf slopes down from its edge to depths of 1 000, The
kenzie (or Herschel) Canyon transects a portion of the shelf.

Winds

Feme surface winds are mainly associated with the passage of‘extra-tropical cyclone
pciated frontal structures. Given the large gradients in sea-surfa€e temperature in the reg
eness of cold and warm continental air mass source zones, the-boundary layer wind sheaf]
strength of surface winds relative to the pressure-gradiént-driven free atmosphere flo
trongly modulated by the stability of the boundary layef, as evidenced by the air-sea te
brence. The strongest surface winds tend to occur in.unstable sectors of storms (air cold

ller (than cyclone) scale features, such as the “Surface wind jet streaks” which propag
hin the broader air flows about each cyclonewithin narrow frontal zones and near t
cent explosively developing cyclones. At even smaller scales, convectively produced

tropical cyclones are comparable to those itvextra-tropical cyclones because larger-scale con

lim
of 1

t the maximum intensity of tropicalicyclones to a Saffir-Simpson scale intensity 2 at most
to 5). The winds vary considerably in the different regions as indicated in Table D.5.

Waves

wind fields associated with extra-tropical and tropical cyclones excite a wide range o
ending on storm.size, radius of curvature of the wind field, peak wind speeds, storm p
bds, intensity and/speed of propagation of surface wind jet streaks, and proximity of

limit fetch forvappropriate wind directions. Of course water depth is important in thg
elopment.areas of the Scotian Shelf for basically all return periods of interest. Indeed, o
ks, marginally shallow water can affect seas states in the most intense systems. Evel
ll-scalefeatures, such as the small area of high winds in the right quadrant of a propagat

one or cyclone undergomg transformation to extra- troplcal stage, or a ]et-stream bi

Extreme winds, on the order of 25 m/s (1-h average at 10 m elevation), tend to be asso¢

h depth of
trench-like

b and their
ion and the

and hence
W, tends to
mperature
er than the
iated with
ate rapidly
he cores of

gqualls can
ir during seasons and in regions where €old air overlays relatively warm waters. Extrenje winds in

siderations
(onascale

sea states
ropagation
and which
shallower
the Grand
) relatively
ng tropical
ropagating
df the wind

feature and its peak w1nd speed allow optlmum resonance Coupllng between the wind field and the
surface waves. Extreme wave heights, with maximum individual waves up to 30 m, have been recorded
in the region during previous severe storms (e.g. Hurricane Luis in 1995).

D.7 Currents

The Labrador Current is perhaps the most dominant in the Atlantic Canada region. It plays a major role
in the transport of colder water to the region, and the resultant regional current pattern is a function
not only of this large current, but also of tides, encounters with ocean currents (such as the warmer
eddies and meanders of the Gulf Stream) and storm winds.
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The Labrador Current is also responsible for the transport of icebergs from northern areas to offshore
Newfoundland. Figure D.3 shows how the Labrador Current divides into an inshore branch and an
offshore branch. The offshore branch of the Labrador Current is mainly responsible for the transport of
icebergs to the hydrocarbon-producing region of the Grand Banks.

The main feature in the Gulf of St. Lawrence is the Gaspé current that flows out of the St. Lawrence
Estuary along the Gaspé Peninsula towards the Gulf, loosely following the 50-m isobath as shown in
Figure D.4. It is driven by the freshwater outflow of the St. Lawrence River and is intensified by winds.
In addition, strong tidal currents are present in the Jacques Cartier Passage, north of Anticosti Island,

and at the

The mean

the surfacg¢ flow is dominated by the clockwise circulation of the Beaufort Gyre. Estimates by New
(1973) [18% indicate that flow speeds reach 5 cm/s to 10 cm/s at the southern rim of the Gyfeeéver

western B
northwest
Kopanoar
0,2 m/s at

mouth of the Saguenay River.

Firculation pattern in the Beaufort Sea is shown in Figure D.5 [173]. Offshore in the Beauf

paufort Sea. Figure D.6 shows the pattern of the currents in the nearshore region for I
winds and east winds. During the summer season, measurements of currents made at
ocation indicate values of 0,3 m/s to 0,4 m/s at 5 m depth, and decreaSing to 0,1 m
[2 m depth [174],

ort,
ton
the
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the
5 to
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Figure D.4 — Map of the Gulf of St. Lawrence showing the general circulation pattern
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Figure D.§ — Surface circulation in the southeastern Beaufort Sea for northwest and east winds
from surface driftstudies[179]

D.8 Sealice

NOTE The World Meteorological Organization (WMO) Sea Ice Terminology provides an accepted description
for sea ice ahd iceberg characterization, and these definitions will be used throughout this clause.

D.8.1 Canadian east coast

The regioral sea ice regime.along the Canadian east coast starts in September with the growth of
new ice in[northwest Baffin/Bay. Beginning in October, a combination of growth and predominahtly
southward|drift, due tothe’prevailing northerly winds and the strong cold Baffin Current, advances|the
ice southwjard. By December, the leading edge of the advancing ice pack lies off northern Labradof. In
typical yedrs, the ice.edge reaches the northern tip of Newfoundland in early January and the northern
Grand Banks in‘mid-February. The pack ice off Newfoundland generally reaches annual peak coverage

in March, put can remain at high levels through May. Loose (60 %) coverage of first-year ice is|the
dominant icesform in areas off Newfoundland

Most sea ice on the Nova Scotia shelf originates in the Gulf of St. Lawrence. It moves under the action
of winds and southerly currents generally in a south to southeast direction. It is joined by locally
grown sea ice that begins to form along Nova Scotia’s coast typically in January, reaching maximum
concentrations in February and March. The locally formed ice is mainly confined to inlets and bays,
seldom reaching a thickness greater than 30 cm. The ice usually melts if carried out to sea by winds
and currents. Depending on sea-ice growth and wind conditions, it is possible that sea ice will extend
further offshore Nova Scotia and impact the region of hydrocarbon production operations.

The 30-year frequency of sea ice offshore the Canadian east coast for the last week of March is presented
in Figure D.7, based on information from the Canadian Ice Service Sea Ice Climatic Atlas [169]. This is
indicative information only and should be used in conjunction with site-specific or project-specific
studies to develop pack ice criteria to be used for design.
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The design of facilities for hydrocarbon operations offshore Nova Scotia and Newfoundland and
Labrador should consider the possibility of sea ice occurrence. Site-specific or project-specific studies
to develop appropriate sea-ice-related criteria will be required. As these criteria change according to
region and facility type (i.e. jacket-type fixed platform, gravity-based structure, floating vessel, etc.), no
specific guidance is provided in this part of ISO 19901. At a minimum, the criteria desired will provide
information on sea ice occurrence, concentration, floe dimensions and thickness, ice strength and
temperature, and the speed, direction and ice type of the floe.

60°W 55°W 50°W L5°W

55°W

Figure D.7 —30-year frequency of sea ice offshore the Canadian East Coast for the lagt week of
March (1981-2010)[169]

D.8.2- Gulf of St Lawrence

The ice in the Gulf of St. Lawrence is mainly locally grown, with some ice entering from the upper
St. Lawrence Estuary and through the Strait of Belle Isle. The prevailing winter winds from west to
north are normally cold and dry, whereas those from west through south to northeast are mild and
moist. These atmospheric factors have a decided effect on ice growth and decay, the redistribution of
ice within the Gulf and the dispersal of ice from the Gulf through the Cabot Strait. Table D.1 shows ice
tendencies in the Gulf of St. Lawrence.

Normally, ice starts to form in the coastal, shallow areas of New Brunswick in mid-December and then
later in the coastal area in Northumberland Strait. During the last week of December, new ice forms in
the deeper coastal waters of Strait of Belle Isle and along the north shore of the Gulf of St. Lawrence. By
the end of the month, the highest concentration of ice in the form of new and grey ice (less than 15 cm)
can be found along the New Brunswick coast, Northumberland Strait and along the north shore of the

© IS0 2015 - All rights reserved 113


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

Gulf. During early January, the ice cover increases in concentration rather than extent. By the middle
of the month, most of the southwestern corner of the Gulfis covered with grey and grey-white ice (less
than 30 cm). Along the north shore, pack ice extents southwards offshore but only to 40 km to 60 km.

By the end of January the pack ice covers most of the southern Gulf and the ice edge stretches
northwards from the north end of Cape Breton Island to Anticosti Island, and then northeastwards in
a 100 km band along the north shore. The ice concentration within 50 km of the ice edge is less than
farther inside the pack ice. The thickness of un-deformed ice (mostly grey-white ice) is less that 30 cm,
with thinner ice due to ice dispersion under the prevailing northwesterly winds occurring near the lee
side of shores.

During Felruary, the un-deformed ice within the pack ice continues to thicken to create thin first-y
ice (30 cm fo 70 cm) and continues to move south and east under prevailing northwest winds and.oq
circulationl Storms move the pack ice back and forth within the Gulf, and cause severe rafting
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Table D.1 — Ice tendencies in the Gulf of St. Lawrence

Phenomenon Parameter Annual maximum Range of annual
value max. values
Southern Gulf

Ice drift (63 beacons) Speed (m/s) 1,38 0,85to0 1,38

Ice thickness

Level ice: Southeast Land-fastice (m) 0,73 0,40 to 0,73

Level ice: Southwest Land-fastice (m) 0,92 0,53 t0 0,92

Leviel deformed ice EMa ice thickness (m) 2,2 ¥5¢t0 2,2

Rubpble fields and ridges Laser sail height (m) 3,5 2,010 3,5
EM a rubble depth (m) 15,0 8,0 tb 15,0

Muljti-year ice Presence Rarely —

Icepergs Presence Rarely —

Northern Gulf

Ice|drift (no beacons) — =2 —

Ice[thickness

Levlel ice: Northeast Land-fast ice (m) 0,62 0,27 o0 0,62

Levlel ice: Northwest Land-fastice (m) 1,12 0,50f01,12

EM]|thickness (none) — — —

Multi-year ice 30-year presence Intermittent 15 % to 20 %

Icebergs Presence Intermittent

a Footprint of the electromagnetic (EM) sensor i$20 m.

D.8.4 Beaufort Sea

Theice in the Beaufort Sea can be subdivided into three regions (see Figure D.8[191]):
— |the arctic polar pack zong;

— |the seasonal or trangitional (shear) zone, and

— |the landfast ice zone.

The arctic polarpack comprises old or multi-year ice with a level ice thickness up to 4,5 m,|and ridges
that can reach 25 m thick (see Figure D.7 [192]). The arctic polar pack continuously circjilates with
curfrents and.winds in the Arctic Ocean, and is present year round. Its degree of penetratipn into the

Begufort;Sea at any given time is dependent on the wind regime of the year. On average, th¢ boundary
oftEe Axctic pack lies from near Cape Prince Alfred southwestward to some 200 km north pf Herschel
Isla

The seasonal transitional zone extends from the edge of the (stationary) landfast ice to the edge of
the moving polar pack ice. The width of this zone can vary from a few kilometres to over 300 km, both
within a season and from year to year[186]. Although this region is primarily comprised of first-year
ice, there can be a large number of multi-year and second-year ice floes. This ice is highly dynamic
and movement can take place throughout the winter. Movements of 3 km/day to 13 km/day are likely.
The moving ice results in deformations in the ice sheet and the creation of both ridges and leads. The
number of ridges increases rapidly in the first part of the winter and remains relatively constant after
February. Ridge heights (sails) can range up to 6 m. The majority of the ice is below the water (the keel)
and typical sail-to-keel ratios are 4,4 [189]. If the ridge survives the summer season, it largely desalinates
and consolidates to form a multi-year ice ridge. These ridges are considerably stronger than first-year
ridges and their shape is smoother, with a sail-to-keel ratio of about 3,3 [189],
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The landfast ice is extensive and forms out to a water depth of approximately 20 m. The edge of the
landfast ice varies slightly from year to year (see Figure D.8). This region is comprised primarily of
first-year ice. Multi-year ice, if present during the freeze-up period, will be frozen into the sheet. The
ice begins to grow in late September and reaches a maximum thickness of approximately 1,9 m in late
April (see Figure D.9[172]). In spring, northwest winds die off, and east and southeast winds become
predominant, so that a polynya develops along the edge of the landfast ice. In June, melt begins in
the Mackenzie Delta and an open-water area also develops quickly there. Typically, Amundsen Gulf
fractures in late June and the ice drifts out and decays. The fast ice along the Tuktoyaktuk Peninsula
fractures in early July. During a cold summer, the landfast ice along the Tuktoyaktuk Peninsula may
not completely break until mid-July. These cold summers occur because northwesterly winds keep the
arctic packrelose-te-shoere-

Open drift|ice conditions do not develop along the coast until the first week of August andan-open-
water route does not develop until the first week of September. Freeze-up in the Beaufort.dependss to
a very gregt extent upon the location of the southern limit of the arctic pack. New ice formation starts
among thel multi-year floes in late September and spreads southward, while it also spreads seaward
from the c¢ast. By late October much of the ice is at the first-year stage right out to thé)arctic pack.

Reduction |n sea ice areal extent and concentration for the deep offshore watersare occurring at sinfilar
rates to those of the full Arctic Ocean. The largest reduction in sea ice concentration is due to the logs of
old ice (seqond year and multi-year ice). In the late summer and autumn ménths, old ice concentratjons
over the cantinental slope of the Canadian Beaufort Sea are decreasingbetween 8 and 11 % per dedade
as computed from Canadian Ice Service digital ice charts over the past'45 years [230].
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Figure D.8 — Map showing the three Beaufort Sea ice zones in the Arctic[191
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Figure D.11 — Ice thickness in the Beaufort Sea from.1991 to 2002, including the Canadian Ice
Service mean curve and the EIS min. and max. curves [172]

D.9 Icebergs

The principal origin of the icebergs that:travel past the east coast of Canada are the 10( tidewater
gladiers of West Greenland. Between 102800 and 15 000 icebergs are calved each year, primarily from
20 major glaciers between the Jacobshaven and Humboldt Glaciers. These glaciers account for 85 % of
thelicebergs that reach the Grand Banks. Ten percent of the icebergs reaching the Grand Banks are from
gladiers located on the east coast.of Greenland, while the remaining 5 % come from the icq shelves of
Ellgsmere Island. After calving)the icebergs move north with the West Greenland Current, [then south
with the Baffin and Labradar/Currents until finally melting in the warmer waters of the southern Grand
Barlks and the Gulf Stredm.

Iceljergs typically deynot travel far enough south to reach the coast of Nova Scotia, but fthere have
been extreme situations where icebergs have been observed in this area. Iceberg sighting data for the
Scotian Shelf are’provided in[178]. The number of infrequent sightings is insufficient to calculpte reliable
stafjistics onfo¢ccurrence and impact probabilities.

Accprding to the International Ice Patrol, the number of icebergs reaching the Grand Bank$ each year
has|vanied from a low of 0 in 1966 to a high of 2 202 in 1984, with the average over the pakt 10 years
of around 80U icebergs. Of these, only a small proportion might driit in the vicinity of the various
existing oil operations and require active iceberg management to reduce the probability of encounter.
The average historical iceberg distribution offshore Newfoundland is shown in Figure D.10. This is
indicative information only, and should be used in conjunction with site-specific or project-specific
studies to develop an iceberg site frequency/distribution and ice design criteria.

Local winds and currents largely determine the movements of free-floating icebergs (i.e. ungrounded
icebergs in open water or in low concentrations of sea ice). Iceberg speeds and drift directions on the
Grand Banks as measured over 1 h to 3 h time intervals are less than 35 km/day, and 47 % are directed
toward the southwest.

Icebergs are characterized according to their height, length and mass estimates. Iceberg strength
criteria are required for the design of hydrocarbon facilities on the Grand Banks. Site-specific or
project-specific studies to develop appropriate iceberg-related criteria are required, as these criteria
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change according to region and facility type (e.g. jacket-type fixed platform, gravity-based structure,
floating vessel, etc.). Typical data include iceberg occurrence/frequency, speed and direction of travel

and physical properties such as draft, width, length and shape which are used to estimate mass.

NOTE Additional information on the ice environment on the Grand Banks is provided in reference [188].

Icebergs originating from glaciers in Greenland and Ellesmere Island drift south through the Gr

and

Banks area with the Labrador Current. Bergs classified as “large” (up to 4 500 000 t) have been

observed in the area.

Icebergs also enter the northern Gulf through the Strait of Belle Isle and some with the eastward

current in [Cabot Strait. I e International Ice Patrol and CIS Iceberg databases snow Iceberg sightings
throughouf the northern Gulf, with higher concentration near the Strait of Belle Isle. They follow|the
same circullation pattern along the north shore as the old ice.
The iceberlg drift pattern for the Bay du Nord area is based on information in reference [183]. In
general terjms, this distribution is very similar to other areas studied and is consistentwith the genpral
distributions of iceberg size south of 48,00° N.
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Figure I).12 —Historical yearly mean iceberg distribution offshore Newfoundland, based gn
data from 1981 to 2003 [176]
D.10Ice management
Offshore operations should be executed in a safe, efficient and environmentally responsible manner.

In order to ensure that wells and facilities are protected from potential hazardous ice situations,
appropriate precautionary actions should be taken. These actions include, as a minimum, early

detection and reporting of ice, ice tracking, and ice deflection.

The primary ice detection method is marine radar which must include a small target detection
enhancement ice radar specifically designed to minimize background clutter, and enhance target

detection. Other detection sources include aircraft surveillance and onboard radar, satellite ra
vessel reconnaissance and helicopter reconnaissance.

dar,
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Iceberg deflection techniques that have previously been used successfully on the Grand Banks include
iceberg towing (using tow ropes or tow nets) and the use of water cannons or “propeller washing” to
alter the course of a threatening iceberg.

A critical component of an ice management plan is accurate collection of ice and environmental data,
forecasting of environmental conditions and ice movement, threat assessment, and an effective
communications and information-sharing network. This facilitates the exchange of information on
vessels (location, status), icebergs (location, speed, trajectory), weather forecasts and other information
allowing prompt decisions to be made.

Only general comments are made in this section. Clauses 17 and A.17 of CAN/CSA-ISO 19906-11 Arctic
offghore structures, provides more specific guidance on ice management.

D.11 Other environmental factors

D.1f1.1 Iceberg scour

D.1[1.1.1 Grand banks

Alarge iceberg can drift into a region where its draft exceeds the water depth, resulting in cgntact with
the|seabed and subsequent sediment displacement in the formy of-scours and/or pit features. Iceberg
scolirs have occurred in various locations on the Grand BankSyand have been mapped with side-scan
sonpr. The Grand Banks Scour Catalogue, described in reférence [168], is a compilation off data from
preyious seabed surveys.

For|a typical location on the Grand Banks, the following typical average scour paramgters have
been estimated:

— |average scouring frequency: ~1 x 10-4 to\* 10-3 scours/km2/year, depending on the rjegion;
— |average scour length: ~650 m;
— |average scour width: ~25 m.

The average depth of scour depends on the type of soil conditions present at the scour locatjon. Stiff or
conjpacted sediments can linditythe scour depth. For a typical location on the Grand Banks, he average
scofir depth is about 0,3 m.

Iceblerg scours up to 1{5)m deep have been measured on the seafloor in the Terra Nova areg. However,
due|to the significantwater depth in the deepwater area (approxiamelty 1 100 m and greatgr), iceberg
scofir in this region,is not deemed relevant.

It if noted thiat'considerable variation exists across the region and site specific studies arg necessary
wheén designing for seabed facility protection.

D.1[1.1)2 Beaufort Sea

The seabed of the Beaufort Sea is heavily scoured by large ice features, both first-year and multi-year
ice ridges. Table D.2 provides information on several scour parameters.

Scour depths up to 7 m have been measured in 45 m water depth[17Z]. The spatial frequency of ice scours
varies significantly across the Beaufort shelf. Sonar records indicate that the maximum spatial frequency
of the scours, expressed as a linear density, is 16,6 scours/km in water depths of 20 m to 30 m [177]. The
impact rates for scouring and the time interval to re-scour 90 % of the seafloor are given in Table D.3.
New technology using multi-beam sonar is continually improving the knowledge of scouring of the
Beaufort Sea. The Geological Survey of Canada at the Bedford Institute of Oceanography in Dartmouth,
NS maintains an up-to-date database on information related to scouring in the Beaufort Sea.
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Table D.2 — Statistics for ice scours in the Beaufort Sea [177]

Parameter Dimension Population
Mean scour depth 0,5m 10 385 events
Mean scour width 26 m 66 549 events
Scour orientation mode 115° to 295° 66 459 events
Scour length 5km to 10 km estimated
Mean berm width 15,3 m 100 events
Mean herm hpighr 07m 100 events

Table D.3 — Seabed scour statistics for the Beaufort Sea [177]

Water depth (m) 5to8 14 to 18 22to 26 30to 35 34 to 5p
. Tarsuit - .
Location Pullen Block Newktoralik Corridor
Maximum qcour impact rate 0.8 2.0 8.2 0,0
(events/kmn])
90 % re-scquring interval (years) 36 22 109
D.11.2 Snpw and ice accretion
Installatiops located offshore eastern Canada can be ¢subject to snow accumulation pnd
superstrugture icing.
The extent{to which snow can accumulate and its possiblg effect on the structure should be considgred

in the des
density of

Superstrudture icing on fixed or floating offshere structures is a potential concern for operation
cold climates. Ice accretion can lead to several types of problems, such as safety hazards (slipg
ladders, inpperable winches, ice on radar‘antennas, etc.). Superstructure icing is the result of &

freezing s
generated

00 kg/m3.

gn process. In the absence of specific infotination, new snow may be assumed to haj

a spray and atmospheric pretipitation. Ice accretion generated by wave-structure, collis

ea spray is the dominant source of ice accretion, due to the intensity and frequency of

is as follows:

— from April to August: 40 %;

— from September to March: 11 %.
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Based on reference [185], the frequency of reduced visibility is somewhat less in the Nova Scotia
offshore area:

— from April to August: 23 %;

— from September to March: 6 %.

122

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

D.11.4 Marine growth

Installations in the Canadian offshore region should consider the potential effect of marine growth in
terms of additional mass and hydrodynamic loading. If applicable, allowance should be made in the
design for marine growth on vessel hulls, mooring lines, risers and other subsea equipment. The profile
of marine growth thickness that can occur during the operational phase of the structure should be
characterized relative to the depth of the structure below the sea surface.

D.11.5 Daylight hours

Due_ta the northern location of the Reanfort Sea daylight hours for this region should he taken into
accpunt. Figure D.13 shows an illustration of the duration of sunlight at latitudes from 3@2fo 90° [165],
Figiire D.13 also shows the duration of sunlight at Inuvik. As can be seen, the sun does.not{rise above
thefhorizon for up to three months during the winter at latitudes north of the Arctic.Circle. Conversely,
in the summer months, the sun does not set and provides 24 h of daylight.

Y
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1 Sun below horizon 2=~ Sun above horizon 3 The line shows daylight hour} at Inuvik

Figure\D.13 — Amount of daylight hours as a function of latitude [165]

D.1{1.6 Earthguakes

Theg Grand.Banks is classified as an area of relatively low seismic activity, but seismi¢ events of
significant magnitude have occurred in the recent past. The consequences of earthquake |damage to
seabed equipment and anchor piling should be considered. The Flemish Pass prospects are located
approximately 750 km northeast of the Grand Banks 1929 earthquake epicenter.

D.12 Estimates of metocean parameters

Metocean parameters for offshore Canada are provided in Tables D.4 and D.5. These values are
indicative and are shown for illustration purposes only. This information should not replace detailed
site-specific metocean parameters that should be obtained for the design or assessment of a particular
structure that is to be constructed or operated at a particular site.

With respect to the offshore Nova Scotia area, site-specific conditions are highly variable depending
on location and the effect of blockage from Sable Island, especially on waves and currents. Site-specific
studies are particularly necessary in shallow areas to resolve local wave refraction and current
intensification.

© IS0 2015 - All rights reserved 123


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 1990

1-1:2015(E)

The return period for storm surges in the Gulf of St. Lawrence are calculated using the hourly
observation of the water level at the station of Pointe-au-Pére, Qc, for the period 1900 to 2000[120]. The
values quoted are in metres above mean sea level. Storm-surge analysis at that station is valid for the
Gulf of St. Lawrence, from Rimouski to Cabot and Belle-Isle Straits. West of Rimouski towards Quebec
City, the funnelling effect of the coastline and bottom topography increase the storm-surge amplitude
as it progresses upstream.

No similar long series of observation is available for ocean currents as is the case with water-level
observation. Time series at one station are short, one year at the most, and a station is rarely surveyed
twice. Maximum speeds of currents and their variability are reported in reference [175] for a number of

stations in
for the retu
periods of
areas betw
of extreme
Anticosti |
two region
is weaker 4§
the tidal c
observable
currents th

the Gulf of St. Lawrence. These observations were used to generate the values of the currjznts
rn period of one year in Table D.5. The amplitudes of currents given in Table D.5 for the fefjurn

b, 10, 50 and 100 years are estimated using the cited ratio for Nova Scotia and Newfeuhdland
een the return period of 1 year and the other return periods. Currents reported in|Table{D.5
metocean parameters are valid for the Jacques Cartier Passage, which is located north of
land, and for the region north of the Gaspé Peninsula where the Gaspé current flows. These
s experience the highest values for the currents. Outside of these regions, current amplifude
nd more variable, being mainly wind-driven. On the other hand, as the'shore is approached,
urrents increase as the bathymetry shallows. This increase in current amplitude is
with progress upstream. The region between Tadoussac and Quebe© City experiences higher
an stated in Table D.5. A Tidal Atlas[164.184] is available for that riegion.

hlso

Table D.4 — Extreme air and water temperatures for Canadian offshore areas
Offshor¢ area Newfoundland Offshore Gulf of St. Beaufort Sea | Nova Scotia Offshofe
Lawrence (Sable Island Bank)
Grand Deepwater
Banks
Sea water temperatures

°C
Minimum itreme 17 17 18 18 16
near surfa
Maximum fear 15 to 19 15 to19 15 to 20 5to 10 15 to 20
surface
Minimum near
bottom a -17 3 -1,8 -1,8 -1,3
Maximum tear 3t0 6 3 2t06 1to5 18
bottom

Air temperatures

°C
Minimum -17 to -19 -17 to -19 -40 -14 to -19
Maximum 22 to 25 22 to 25 15 30to 35
a ForlauHefSttawrence—minimum-temperature-mid-depth263-
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Newfoundland offshore (Grand Banks)

Return period N
Metocean parameter years

100 50 10 5b 1
Wind speed 2
10-min wind speed (m/s) 37 to 41 36to 39 33to 34 29to 33 25to0 31
3-s gust wind speed (m/s) 50 to 55 48to 52 42 to 45 38to 42 34 to 39
Wales
Makimum wave height (m) 28 to 31 26 to 29 24 to 26 22to 23 19to 21
Sighificant wave height (m) 14,5 to 16 14 to 15 12 to 13 11 toM 2 10 to11
Associated peak period (s) 15 to 20 15 to 20 14to 18 13 to 18 12 to 17
Cuirent speed
Surfface (m/s) 1,3to 1,7 1,2to 1,6 1,1to 1,3 1,0to 1,2 D,9to 1,0
Mid-depth (m/s) 09to1,1 0,8to 1,1 0,7 to 1,0 0,6to 1,0 D,5 t0 0,9
Nedr-bottom (m/s) 09to1,0 0,8to 1,0 0,7 t6)0,8 0,6to00,8 D,5 t0 0,7
Stofm surge
Surge above MSL (m) 0,70 - | 0,61 0,46 0,50

Nova Scotia offshore (Sable’Island Bank)
Return period N
Metocean parameter years

100 50 | 10 5b 1
Wind speed a
10-min (m/s) 41to 45 40to43 35to0 38 30to 34 25t0 30
3-sfgust (m/s) 50 to58 50 to 55 45to0 48 39to 43 34 to 37
Wapes
Makimum height (m) 19 to 27 18 to 27 16 to 26 15to 26 15 to 26
Significant height (m) 11to 15 11to 14 9to 11 8to 10 7to9
Associated peak period {s) 15to 18 15to 17 14 to 15 13to 15 13to 14
Cuirent speed
Surfface (m/s) 1,5t02,3 1,4to02,3 1,3to 2,1 1,2to 1,8 1,0 to 1,4
Mid-depth (in/s) 1,1to 1,3 1,0to 1,2 1,0to 1,1 09to1,1 0,9 to 1,0
Nedr-bottom (m/s) 0,8to1,1 0,7to 1,1 0,7to 1,0 0,8to 1,0 D,9to 1,0
Stormrsurge
Surge above MSL (m) 0,6to 0,7 0,5t00,6 0,49 - -

© ISO 2015 - All rights reserved
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Table D.5 — (Continued)

Canadian east coast deepwater

Return period N
Metocean parameter years

100 50¢ 10 5b 1
Wind speed 2
10-min (m/s) 31,8 30,45 29,1 27,40 25,7
3-s gust (m/s) 42,8 41,05 39,3 37,05 34,8
Waves R%)
Maximum height (m) 27,3 25,80 24,3 22,35 n@')A
Significant Height (m) 14,6 13,75 12,9 11,85 ?\ ~V10,8
Associated peak period (s) 16,1 15,60 15,1 14,40 (\'\' 13,7
Current spged qu.)"'
Surface (m/}) 1,3 1,23 1,15 08 1
Mid-depth (fn/s) 1,09 1,03 0,97 5092 0,86
Near-bottorh (m/s) 0,96 0,90 083 _ " 077 0,7
Storm surgg .<§<
Surge above]MSL (m) - - | RS - | - | -

Gulf of St. Lawrence (East of Rimouski%@ébot Strait)
&@rn period N
Metocepn parameter $ years

100 50\\\6 | 10 | 5 | 1
Wind speed 2 o)
10-min (m/q) - \j:y— - - -
3-s gust (m/k) - N - - -
Waves k\’
Maximum hgight (m) lﬁ,qp\‘ 17,856 15,438 14,136 11,16
Significant Height (m) (-\\IC},Z 9,6 8,3 7,6 6
Associated Heak period (s) A\%V 12,4 12,2 11,7 11,4 10,4
Current sp«led 0({)‘
Surface (m/$) oS - 1,4to02,1 1,4t02,0 1,2t0 1,8 1,1to 1,6 09to 143
Mid-depth (1n/s) AO‘ 0,6t00,7 0,5t0 0,7 0,5t00,6 0,5t0 0,6 0,4 to 0|5
Near-bottonh (m/$§p~ 0,510 0,6 0,510 0,6 04100,5 041005 | 03to0
Storm surgg %\
Surge above MSL (m) 1,4-1,8 1,3-1,6 1,2-1,3 1,1 0,6
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Table D.5 — (Continued)

Beaufort Sea
Return period N
Metocean parameter years
100 50 10 5 1
Wind speed 2
Hourly average (m/s) 31,67 29,17 26,94 23,89 16,67
1-min average (m/s) 41,67 38,89 35,83 32,22 29,72
Walves
Makximum height (m)
5to8 5to8 4to8 3to7 2to4
- shielf (<60m)
9to 15 9to 14 9to 12 7 t0 10 4to5
- dgep (>60m)
Sighificant height (m)
3to5 3to5 2to4 2to4 1to2
- shielf (<60m)
5to8 5to8 4t06 3to5 2to3
- ddep (>60m)
Associated peak period (s)
8to 10 7 to 10 7to9 7to8 5to7
- shielf (<60m)
10to 11 10to 11 9to 11 8to 10 7to8
- ddep (>60m)
Cuirent speed
Surface (m/s)
Mid-depth (m/s)
Nedr-bottom (m/s)
Stofm surge
Surge above MSL (m) 1,4 te 1,8 1,3to 1,6 1,2to 1,3 1,1 0,6
a Based on a reference height of 10 m’above sea level.
b Based on average of 1-year and*10-year data. To be updated in future revisions of this annex.
c Based on average of 10year and 100-year data. To be updated in future revisions of this annex.
D.13 Sources of additional information
D.13.1 Information on meteorological parameters, e.g. prediction of severe weather, sea
state and icing conditions
Infqrmation Services Division
NattomatArchivesamdData Mamagemment Bramch

Meteorological Service of Canada
Environment Canada

4905 Dufferin Street

Toronto, Ontario M3H 5T4
Canada

Telephone: (416) 739-4328

Fax: (416) 739-4446
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Email: Climate.Services@ec.gc.ca

D.13.2 Oceanographic information

a) Department of Fisheries and Oceans Canada
Marine Environmental Data Service
12W082-200 Kent Street
Ottawa, Ontario K1A OE6

Canadj
Telephlone: (613) 990-6065

Fax: (613) 993-4658
Email:[services@meds-sdmm.dfo-mpo.gc.ca

http:/fwww.meds-sdmm.dfo-mpo.gc.ca

b) Department of Fisheries and Oceans Canada
Bedford Institute of Oceanography
Ocean(Sciences Division
P.0. Box 1006
Dartmputh, Nova Scotia B2Y 4A2
Canadg
Telephfone: (902) 426-8478
Fax: (902) 426-5153

http:/Awww.mar.dfo-mpo.gc.ca/séience/ocean/home.html
c) Depar{ment of Fisheries and Oceans

Institute of Ocean Sciences

Ocean|Sciences and-Preductivity Division

P.0. Box 6000

9860 West Saanich Road

Sidney British Columbia V81, 4R?2

Canada
Telephone: (250) 363-6378
Fax: (250) 363-6690

d) Péches et Océans Canada / Fisheries and Oceans Canada Institut Maurice-Lamontagne / Maurice
Lamontagne Institute

850, route de la Mer, C.P. 1000
Mont-Joli (Qc),
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CANADA G5H 3Z4
Tél.: (418) 775-0568

http://ogsl.ca/ocean/

Attn: Denis Lefaivre

Chercheur scientifique / Research Scientist

Océanographie opérationnelle / Operational Oceanography

ISO 19901-1:2015(E)

D.1
Dep
Can
615
ott
Can
Teld

Fax

3.3 Water depths and tides
artment of Fisheries and Oceans
adian Hydrographic Service
Booth Street
hwa, Ontario K1A OE6
ada

phone: (613) 995-5249

(613) 996-9053

http://www.charts.gc.ca/chs

D.1
a)

3.4 Ice-related information
Environment Canada
Meteorological Service of Canada
Canadian [ce’Service

Operations Division

Client Service Section

Courriel - email: denis.lefaivre@dfo-mpo.gc.ca

In collaboration with Environmental Canada, the Canadian Ice Service and.the
Hydrographic Service, 48-hour forecasts of surface currents, sea ice, surfacenvater te
and water levels are available in real time for the Gulf of St Lawrence at: http://ogsi.co/dcean/

Development are on-going to expand this service to all coastlines of Canada.

b)

373 Sussex Drive, Block E-3
Ottawa, Ontario K1A OH3

Canada

Telephone: (613) 996-1550

Fax: (613) 947-9160

National Research Council Canada
Canadian Hydraulics Centre

Building M-32, Montreal Road
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Ottawa, Ontario K1A OR6

Canada

Telephone: (613) 993-9381

Fax: (613) 952-7679

D.13.5 Canadian east coast seabed conditions

Natural Re

Geological

sources Canada

Survey of Canada (Atlantic)

P.O. Box 1006

DartmoutHl, Nova Scotia B2Y 4A2

Canada
Telephone:
Fax: (902)
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(902) 426-2396
126-6186

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=6dfc2804129f6a17e30d244dcd743f26

ISO 19901-1:2015(E)

Annex E
(informative)

Sakhalin/Sea of Okhotsk

y the Sea

of Qkhotsk on the northern and eastern sides and the Tartar Strait, which separa@ Saklhalin from
the|mainland (see Figure E.1). The population density on Sakhalin is small and m,ﬁ\;,t’ly lowgr than 1,5

Tha
By

the

Sea of Okhotsk is separated from the Pacific Ocean by the Kupi

Penlinsula. The Sea of Okhotsk is connected to the Sea of Japan and th &ar Strait by La Perpuse Strait.

far the largest river in the area is the Amur, covering a catchnié}t

kilgmetres. The average discharge of the river Amur is 11 700 Qs (369 km3/year). Almgst 75 % of
annual discharge occurs during spring and summer (Ma Q

annual discharge occurs during autumn and winter. &

g ] ¢ ¢

>

Itie

Ocean

150E
155
1606

Figure E.1 — Map of Sakhalin showing locations of example metocean parameters
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le per square kilometre. The only town with significant population is Yu@'}o-Sakhali sk, having
200 000 inhabitants. )
9
K Is

\ands and the Kamchatka
area of about 2 million square

eptember), whereas only 25 % of the
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E.2 Data sources

Meteorological data for the Sakhalin area comes mainly from the Sakhalin Territorial Administration
for Hydrometeorology and Environmental Monitoring (Sakhydromet) in Yuzhno-Sakhalinsk.
Sakhydromet runs a comprehensive network of 35 observation stations, of which 21 are coastal stations.
Observations of the most important meteorological parameters are made every 3 h. Depending on the
station, continuous data sets over periods ranging from 10 years to more than 50 years are available.

Oceanographic data are available at Sakhydromet (mainly coastal observations of sea level, salinity and
sea temperature) and at the Ecological Company of Sakhalin (ECS). Apart from the coastal observations,

most of th evel
data were
Sakhalin n

The most
SIMOS-3 dj
provide co

se data cover only small periods of time. Large amounts of current (profile) and water-1

Collected at several locations during periods of 6 months to 7 months in 1996-2003 alofig
brtheast coast, in Aniva Bay (for one year) and near the De Kastri Terminal.

omprehensive hindcast database of winds, waves, (total) currents and waterNevels is
itabase, which was produced by Oceanweather as a Joint Industry Project. This database
htinuous hourly time series at hundreds of grid points all around Sakhatin-sland over

the

the
can
the

period 198(0 to 2005[193],

Sea-ice dat
from coast
several ded

ons
ing
raft
tre,
stal
hble
and
ong
"om

h collected in the area consists of airborne observations, satellite imagery, local ice observat
hl locations, and field data collected with an ice-profiling sonar. Ice maps were produced du
ades until the early 1990s, based on visual observations and aerial photographs from aird
and helicopters. Weekly ice coverage maps have been generated since-1972 by the National Ice Cer
based on gatellite imagery. Since the early 1930s, ice observations’have been made at several coa
stations on|Sakhalin Island. On the Sakhalin east coast, several magine radars were installed that are
to monitor|the ice drift along the Sakhalin east coastl194]. More‘tecently, large amounts of ice draft
keel depth] data were collected at several locations during periods of 6 to 7 months in 1996-2003 al
the Sakhalin northeast coast. Finally, ice and ice/structure interaction observations have been made f
the Molikpfq platform since its deployment in the Sea of-OKkhotsk in 1998.

E.3 Overview of regional climatology

sult
the
b to
are

Consideri

of its prox
summer is
-40 °C. In
frequent s

its longitude, latitude and marine’location, the climate on Sakhalin is very severe, a re]
mity to the Siberian continental land mass. The winter in Sakhalin is long and cold and
short. In winter, strong winds from the continent can cause a drop in air temperatur
the southern part of the-island winter temperatures are milder, but nevertheless there
owstorms, strong winds‘and generally heavy overcast cloud conditions.

t of
d is
and

ice
fing
the
1ne.

Sea ice engulfs the coast from”November to June in the north, from December to May along mos
the east cdast, and from¢Jantiary to March in Aniva Bay. The southwestern coastline of the islan|
always icetfree. Becausg-of the presence of sea ice, the island is in fact an extension of the mainl
during wirter. Although the west coast climate is generally more severe than that of the east coast
extends further southward on the east coast of the island as a result of the cold southward-floy
East Sakhallin current. West of the island, the relatively warm Tsushima current flows northward on
western cofast.up to 51° N. Ice generally does not break up along the northern coast until the end of ]

The climate varies widely throughout Sakhalin, due to the mountain ranges that include peaks up to
1400 m high, as well as the proximity of the sea. As a consequence, there is a large difference between
the immediate coastal areas and the interior of the island. During winter, the sea provides additional
warmth to the eastern coast, while during summer the sea significantly cools the northern and eastern
portions of the island. This is attributed to the effect of the cold East Sakhalin current, as well as to
the effect of the remaining drift ice. This effect contributes to the extreme fogginess along the eastern
coastal areas in late spring and summer. Sunshine is rare in summer and the humid, cool weather is
conducive to thick fog and drizzle.
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E.4 Water depth, tides, storm surges and tsunamis

The Sea of Okhotsk consists of a moderately broad shelf to the north which gradually steepens to
depths >3 000 m to the south. Depths shallower than 200 m extend approximately 100 km off the coast
of Kamchatka Peninsula and Sakhalin Island. Beyond the 200 m contour, the water depth increases to a
broad area between 1 000 m and 2 000 m in the central part of the sea. Shallow banks are found in the
northwestern basin, e.g. at the Kashevarov Bank.

The Sea of Japan is a deep basin with maximum depths of 3 700 m, and has many of the circulation
features found in deep ocean basins. The bottom topography slopes gently upward towards the

nor

heast until reaching the Tartar Strait. Tartar Strait has a characteristic width of abo

t 130 km.

Wat
int
Tid
sha
the

er depths range from a maximum of 1 500 m in the south and a minimum water depthq
he Nevel'sky Strait.

h] amplitudes vary widely over the area. Large tidal amplitudes have been lebserved
low bays in the northwestern Sea of Okhotsk, in the Nevel’sky Strait, and near.the north
Kuril Islands. Tides in the Sea of Okhotsk are dominated by diurnal constituents K1 and (

in npost of the Tartar Strait, the semi-diurnal constituents M2 and S2 dominatel195],

Stol
suc
wit

a)
b)

c)

Ext
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E.5

Thd
for
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the
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bloy
5m
Ext
Chi

m surges along the coastlines are mostly smaller than 1,5 m to 2,0-m. Only at specifi

h strong onshore winds. Tsunami waves can affect the area all@round Sakhalin. Three s
erally be distinguished:

trans-Pacific tsunamis caused by large earthquakes inthe Pacific Ocean (typical period: 4
tsunami sources in the Sea of Japan (typical period: 15 min), and
tsunamis caused along the Kuril Island chains\(typical period: 12 min).

Feme 100-year tsunami crest heights rangé from about 1,5 m along the Sakhalin east co3
to 2,5 m in Aniva Bay.

Winds

location of Sakhalin in thefarea between continental Asia and the Pacific Ocean is the nj
ts monsoonal climate.

ing winter, a strong\pressure gradient forms over Sakhalin, between the Siberian hig
em and the Aleutian’' low-pressure system, driven by the strong contrast in temperatur
relatively warmer air over the Arctic Ocean and Bering and Okhotsk Seas and the n
pver the Siberian mainland. These strong pressure gradients produce consistently st
ving from\northerly directions (generally north and northwest) with prevailing speeq

Fabout 4 m

along the
brn edge of
1 whereas

" locations,

h as along the north side of Aniva Bay, can higher surges sometiities be observed during periods

ources can

}0-45 min),

st to about

ajor factor

h-pressure
bs between
uch cooler
ong winds
s between

/s and.20m/s. The frequency and intensity of storms is highest during November and
Feme ' \wind speeds during storms can reach 30 m/s to 35 m/s. Winter storms originat

Sea

nese mainland or from waters near Japan, and they all tend to move northeastwards into

December.
e from the
the Bering

wrinter.

The Siberian high-pressure system begins to break up in March, and the most rapid weather changes
occur in April and May. Spring brings storms with strong winds and snowfalls, the storms continuing
to move off the Asian mainland toward the western Aleutians. However the major storm tracks have,
by this time of the year, moved northward and often cross Sakhalin Island. In spring, a high-pressure
system starts to form over the Sea of Okhotsk, the high pressure being caused by the contrast between
the cold frozen sea surface and the warming effect of the lands to the north.

With the onset of summer, the Siberian mainland becomes warmer than the surrounding seas, and a
low-pressure system forms over the continent. Pressure gradients are weaker than in the winter, so
the summer air circulation is less consistent over the region than during the winter. A large, semi-
permanent, quasi-stationary high-pressure system dominates the entire North Pacific, including the
Sea of Okhotsk. This pressure distribution generates predominantly light easterly or southeasterly
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winds (2 m/s to 5 m/s) that predominate across the island during the summer monsoon months. Extra-
tropical storms, common during other months, decrease in number and intensity. The mean tracks
run from the Chinese mainland northeastward to the Aleutians. Typhoons can affect the Sakhalin
area during late summer. Such storms generally do not approach closely to the island, although the
widespread clouds and precipitation can affect it. On occasion, typhoons leaving the East Asian Sea
have caused cyclonic storms, associated with the polar front, to regenerate. In these cases, the storms
stall and cause prolonged rainfall. Dying typhoons very occasionally enter the Sea of Okhotsk.

Autumn is a transitional season. The effects of the Pacific monsoon continue to enhance rainfall.
Extratropical storms become more intense and frequent, causing the Aleutian low-pressure system to

intensify a
over the Asj
Sakhalin Is

E.6 Way

The annua
Okhotsk. D
sectors wi
wave heig}

nd the North Pacific high-pressure system to weaken. Extra-tropical storms continue to f

ian continent and the waters around Japan. One of the principal storm tracks continues td-€
land. The other lies south of Japan. With the increase in storms, gales become more frequer

(€S

| variation in wave climate is closely related to the atmospheric circulation over the Se
uring the summer monsoon period (June to August), waves from the-southeast or south
[h heights between 0,5 m and 1,5 m occur mostly along the east(coast. On the west co
ts are often lower than 0,5 m during summer. In September, the wave height and direc

become mg@re variable in time because of the changing atmospheric proéesses, with prevailing w4

of 1lmto 2
monsoons,
Prevailing
7 m high a
wave heigh

E.7 Cur

Both in th
observed 3
whereas at
called the

Island, whe
Okhotsk cq
Typical res
of the year
the prevai
northward

Tidal curre
the deeper
Along the

The highes

m along the east coast and 0,5 m to 1,5 m along the west codst. With the onset of the wi
the frequency of waves from the north and northeasternéectors grows in the Sea of Okhg

hd they can even exceed 8 m during extremely severe-storms. In the Tartar Strait, howd
ts rarely exceed 4 m and are mainly from directielis between southwest and northwest.

Fents

e Sea of Okhotsk and Tartar Strait, a significant anti-clockwise residual current patter
long its edges. In the centre of the Sea of Okhotsk, currents are usually small or neglig
the western boundary, along thé Sakhalin east coast, there is a clear southward flow of w
Fast Sakhalin Current[196]. Residual currents are highest at the northeastern tip of Sakh
bre the eastward outflow ffom the Amur River and the anti-clockwise current in the Se
me together. Further south along the east coast, the residual current gradually decrea

except for the months of May and June, when the flow sometimes reverses direction dul
ing south-south€asterly winds. Along the west coast of Sakhalin Island, a relatively w
flow occurs that can reach as far as 51° N

nts are significant all around the island, except for the inner parts of Aniva Bay and so
parts efithe Sea of Okhotsk and Tartar Strait where currents are mainly driven by the

shallow sh¢

orm
0SS
It.
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wave heights are between 1,5 m and 2,5 m. In storms, wave heights are often between 5 1 to

VEr,

n is
ble,
hter
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ses.

idual currents flow at.between 0,2 m/s and 0,4 m/s. This cold southward flow occurs most

e to
HI'm

the natural frequency of the free oscillation is close to the diurnal tidal frequencies. This all results in
a strong amplification of diurnal tidal currents, which are of the order of 1 m/s over the Kashevorov
Bank[197] and even higher along the northeast coast of Sakhalin Island.

E.8 Seaice

The ice cover that is found off Sakhalin Island is completely seasonal in nature, as the region is entirely
ice-free during the summer and fall months. Only first-year ice is found in the area. It does not contain
any multi-year ice floes, or glacial ice features such as icebergs. The waters off the eastern coastline of
Sakhalin Island and in the northern half of the Tartar Strait are typically covered by sea ice for about
half of the year[198]. The duration of the ice season gradually reduces southwards, to only 2 months in
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Aniva Bay. The southwestern coastline of Sakhalin Island is always ice-free, due to the northward flow
of relatively warm water along the west coast.

Some indicative values for a number of ice parameters are given in Table E.1.

Table E.1 — Summary of ice conditions

Indicative values of ice parameter
Sakhalin east coast Aniva Bay Tartar Strait
Sea ice parameter
(51° N to 55°N) (northern part) (51°N to 52°N)

Typical Extreme Typical Extreme Typical fxtreme
_Sta :t of ice season (date), 10 Dec 25 Nov 15 Jan 15-Dec 6 Nov 21 Oct
ice foncentration > 1/10
End of ice season (date),
ice Foncentration < 1/10 1 June 15 June 1 Apr 20 Apr 12 May 6 June
Level ice thickness (m) 0,3to 1,35 1,5 0,1to 0,4 0,85 0,2t00,8 0,8
Raffted ice thickness (m) 1to?2 3 0,2t00,8 1,25 0,5t00,8 1,0
Sail height (m) 1to2 5to6 0,5to 1,0 3 0,5to 1,0 2to3
Kedl depth (m) 10to 15 25 2,0to 4,0 12 2to6 10
Ice movement (m/s) 0,5to1 1,5to 2 0,1 to 042 0,7 0,3to 0,5 1
Figlires E.2 a) to g) show the probability lines of any ice:in'the Sea of Okhotsk in an averag¢ year [199],
Figlires E.3 a) to g) show the probability lines of any ige,in Tartar Strait in an average year [2{0].
At the start of the ice season mid-November, the\first ice forms in the northerly and northwesterly
reathes of the Sea of Okhotsk. Simultaneously/thin ice also forms locally in the shallow water parts

along the Sakhalin northeast coast and in Sakhalinskiy Bay as air temperatures fall and the yea surface
beglins to cool.

Duiling December, the ice formed in thenortherly reaches of Sea of Okhotsk quickly spreads southwards
under the influence of winds and currents, typically reaching locally formed ice cover off th¢ northeast
Sakhhalin shelf in the early January period. In fact, most of the heavier ice that is found off th¢ northeast
ich is often

presence of a band of open water or very th1n ice, runmng parallel to the coast between the narrow
land-fast ice zone and the heavier pack-ice areas towards the east. This feature, termed a flaw lead or
polynya, is transient but can persist for periods of a few days to several weeks during winter. Flaw lead
conditions occur in particular during the period early January to early March, when predominant winds
and ice motions are from the northerly quadrants. From mid-March onwards, flaw lead conditions
occur less frequently, because wind and ice drift directions become more mixed, and are often from
south to north or from east to west.
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140 150 160 140 150 160

160 140

a) Probability lines of any ice in the Sea of Okhotsk — October (3rd period) to November (3rd
period)
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b)) Probability lines of any ice in the Sea of Okhotsk — December (1st period) to January (1st
period)
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c) Probability lines of any ice in the Sea of Okhotsk — January (2nd period) to February (2nd
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d) Probability lines of any ice in the Sea of Okhotsk — February (3rd period) to March (3rd
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e) Probability'lines of any ice in the Sea of Okhotsk — April (1st period) to May (1st period))
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Probability lines of any ice in the Sea of Okhotsk — May (2nd period) to June (2nd|period)
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Nt

g) Probabilitylines of any ice in the Sea of Okhotsk — June (3rd period) to July (3rd period

NOTE IIndex in the upper left corner indicates month (Roman numeral) and 10-day period in the month.

Figure E.2 — Probability of any ice in an average year[199] per given 10-day period

Figure E.3 a) to g) shows the probability lines of any ice in the Tartar Strait in an average year[200]. In
contrast to the ice found in the Sea of Okhotsk, the ice in the Tartar Strait is much less deformed, due
to slower current speeds and also the milder wave climate. Ice formation in the Tartar Strait starts end
of November. During January and February, the ice extent and ice thickness steadily grow. In March,
the area north of 49° N. is mostly covered with sea ice. Depending on prevailing wind direction, the
heaviest ice is found along the Sakhalin west coast or against the Siberian mainland. Depending upon
the wind direction, leads are often formed along one of these coastlines, which can be used by vessels
moving through the ice northwards or southwards. During early April melting starts, and in early May
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most of the Tartar Strait is free of ice, whereas there is usually still some ice around along the Sakhalin
east coast around that time.

131 132 133 140

I L L L L I L L L L
130 135 140

a) Probability of any ice in the Tartar Strait — Mid-November
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b) Probability of any ice in the Tartar Strait — Mid-December
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c) Probability of any ice in the Tartar Strait — Mid-January
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d) Probability of any ice in the Tartar Strait — Mid-February
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e) Probability of any ice in the Tartar Strait — Mid-March
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f) Probability of any ice in the Tartar Strait — Mid-April
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g) Probability of any ice in the Tartar Strait — Mid-May

Figure E.3 — Probability of any ice in the Tartar Strait in an average year [200]
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E.9 Other environmental factors

E.9.1 Air temperature, precipitation, humidity and visibility

In winter, typical air temperatures range from -25 °C in the northwestern parts of the Sea of Okhotsk to
-10 °Cjust south of Sakhalin Island. Absolute minima are considerably less than this, and can reach as low
as -40 °C in the north and -30 °C in the south. In summer, typical air temperatures range from 10 °C in
the north to almost 20 °C just south of Sakhalin Island. Absolute maxima range between 30 °C and 35 °C.

Low visibility and fog occur when the cooler sea meets relatlvely warm air. Fog occurs in particular
along the Sak 2 : A the
cold seawdter. Along the Sakhahn west coast, fog occurs less frequently due to the northward floyv of
relatively warm water.

Precipitatipn (which can be rain, sleet or snow) varies greatly across the island, largely due tq its
topography. The Pacific slopes of Sakhalin Island are particularly wet. Precipitation-on the island is
highest dufing the April to October warm season, with smaller amounts falling during the Novenjber
to March dold season. Except for the northernmost tip of the island, the maximumi~precipitation falls
in September for most locations. The mean annual precipitation ranges froms 600 mm/year in|the
northern parts of Sakhalin Island to > 1 100 mm/year locally in the south.

E.9.2 Seatemperature and salinity

s in

In general,
sea tempel
sea temper
Island. Dur
in alarge p

The salinit
precipitati
particular
winter, wh

the sea surface temperature increases from north to south: Significant annual variation
ature occur throughout the area, which attenuate with depth. Between May and Novenj
atures are positive, with the warmest water found near La Perouse Strait and near Hokk:
ing October and November, sea temperatures drep-significantly to -1 °C to -1,8 °C, resul
art of the Sea of Okhotsk and the Tartar Strait becoming covered with ice.

ies in the Sea of Okhotsk and Tartar Strait are largely determined by a balance betw
bn and evaporation, the effect of sea:ice formation and the discharge of fresh watel
by the Amur River. During summer.and autumn, the salinity is generally less than du
en it increases due to sea-ice formation and a significant reduction of the contine

ber
hido
[ing

een
' in
[ing
htal

freshwatet
Sakhalin I{

discharge. During summer there/is a marked salinity minimum around the northern tip of
land, associated with the freshwater discharge of the Amur.

E.9.3 Snpw, atmospheric icing and sea-spray icing

On Sakhalin Island, snow caver generally persists for up to 200 days per year. Snow is expectefl in
September|in the north and’by October along the entire coast. The snow season extends until Maly in
the south dnd June in the north. About 70 to 90 days of snow occur yearly along Sakhalin Island shares.
Blizzards ¢ccur frequently in winter, especially along coasts exposed to the north and west wihds.
Along the doasts, thie show melts in April or May, melting a few weeks later in the interior. Mean wipter
snowfall tqtals between 100 mm and 150 mm. In the northern half of the island in the mountains,|the
mean maxjmum‘depth of snowfall may reach 100 cm but at most places it is usually not higher than
40 cm to 6 cm.

Ice accumulation on the hulls of floating vessels and on superstructures has the potential to become a
serious hazard in the Sakhalin area. Atmospheric icing can occur when saturated air moves against a
surface with temperatures below freezing (rime ice), during periods of fog which are accompanied by
freezing conditions, and during freezing rain or drizzle (glaze ice). Sea-spray icing can occur if the air
temperature is near the freezing point of seawater. Immediately near the sea surface, the main role is
played by sea-spray icing. Its intensity decreases with height. From heights exceeding 40 m, atmospheric
icing is predominant. Sea-spray icing can be considered negligible at elevations above 50 m to 60 m. In
the Sakhalin area, sea-spray icing mainly occurs from October to December when the seawater is not
yet frozen. In Aniva Bay it can occur throughout the entire winter period.
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E.9.4 Waves in ice

Waves in ice regularly occur during winter along the Sakhalin east coast, in particular when the pack
ice/open sea boundary is in the vicinity of the monitoring site. Waves can easily penetrate into the
outer pack ice with a thickness of 1,5 m to 2,5 m. Low-frequency waves have been observed in ice up to
hundreds of kilometres from wave source regions[200].

E.1

E.1

0 Estimates of metocean parameters

1 Exireme metocean parameters

Ind
aro
no

reg
con

cative extreme values of metocean parameters are provided in Tables E.2 to E.8 for
ind Sakhalin. The wind, wave and current values are independently derived marginal p
hccount has been taken of conditional probability. As for all indicative values provided
onal annexes of this part of ISO 19901, these data are provided to assist preliminary ¢
cept selection; they are not suitable for design of offshore structures.

Table E.2 — Indicative values of metocean parameters —(Sakhalin east coas
(52,5° N to 55° N and water depths from 30 mto 100 m)

four areas
hrameters;
within the
ngineering

Return period N
Metocean parameter years
1 5 10 50 100
10-min mean wind speed (m/s) 26 28 29 31 32
Sighificant wave height (m) 8 9 9,5 10,7 11,5
Spectral peak period (s) @ 12,9 13,7 14,1 14,9 15,5
Surfface current speed (m/s) b 2,3 2,6 2,7 29 3,0
a  |Assume the peak spectral period can vary by +'10 % around these central estimates.
b |Assume the extreme current can vary by30 % around these central estimates.
Table E.3 — Indicative values of metocean parameters — Sakhalin east coast
(51° N t0/’52,5° N and water depths from 30 m to 100 m)
Return period N
Metocean parameter years
1 5 10 50 100
10-min meanwind speed (m/s) 27 29 30 32 34
Sighificantwave height (m) 8,5 9,5 10 10,7 11,5
Spectralpeak period (s) 2 13,3 14,1 14,4 14,9 15,5
Surfacé-current-speed-fmisyh +5 7 18 19 2,0

a

b

Assume the peak spectral period can vary by + 10 % around these central estimates.

Assume the extreme current can vary by + 30 % around these central estimates.
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Table E.4 — Indicative values of metocean parameters — Aniva Bay (central, northern half)

Return period N
Metocean parameter years
1 5 10 50 100
10-min mean wind speed (m/s) 25 27 28 30 31
Significant wave height (m) 4.8 5,5 6 6,7 7,0
Spectral peak period (s) @ 10 10,7 11,2 11,8 12,1
Surface current speed (m/s) 05 06 0,65 0,67 0,7

a  Assume

the peak spectral period can vary by + 10 % around these central estimates.

Table E.5 — Indicative values of metocean parameters — Tartar Strait (51° N to 52° N.and wdter
depth of about 30 m)
Return period N
Metocean parameter years

1 5 10 50 100
10-min medn wind speed (m/s) 27 30 33 35 36
Significant wave height (m) 5,5 6 6,5 7 7,5
Spectral pepk period (s) @ 10,7 11,2 11,6 12,1 12,5
Surface current speed* (m/s) 0,3 0,4 0,6 0,7 0,8

a  Assume

the peak spectral period can vary by # 10 % around these'¢entral estimates.

Table E|6 — Monthly air temperature in Korsakov (46° 37’ N, 142° 47’ E) from 1966 to 2000
Monthly air temperature
°C
Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov Dec | Yepr
Mean -10,5 | -99 | -4,8 1,5 61 | 104 | 148 | 16,7 | 13,7 | 77 | -0,1 | -6,3 3B
Highest 3,0 4,6 8,8 165 | 23,7 | 277 | 28,6 | 30,4 | 273 | 21,8 | 155 79 304
Lowest | 32,7 | -29,1 | =252 *4175 | -90 | -2,2 | 1,7 | 46 | -2,2 | -8,0 | -191 | -26,2 | -32,7
Table E.7 — Monthly dir temperature in Odoptu (53° 22’ N, 143° 10’ E) from 1975 to 2000
Monthly air temperature
°C
Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov | Dec | Yepr
Mean 18,5 | -16,8 | 12,0 | -3,7 T,T 6,0 | 10,5 | 13,0 | 99 3T =73 | 144 | 24
Highest | -0,1 | -0,8 8,0 11,8 | 25,6 | 31,3 | 32,1 | 324|250 ]| 178 9,0 1,0 32,4
Lowest | -38,6 | -35,0 | -33,2 | -26,1 | -11,0 | -2,8 | 0,6 | 3,5 | -0,4 | -154 | -25,2 | -33,6 | -38,6
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Table E.8 — Sea temperature ranges — Indicative monthly-mean values

Area

Sea surface temperature

Sea floor temperature

°C
Sakhalin east coast
(49° N to 54° N) -1,8to +11 -1,8 to +2
Aniva Bay -1,8 to +18 -1,8to +14
Tartar Strait -1,8to +16 -1,8 to +xx

Lonig-term joint frequency distributions of the significant wave height Hs versus the speétyal p

arejgiven in Tables E.9 to E.11 for three locations around Sakhalin Island based on the 25<year

hinficast data produced by Oceanweather Inc [193]. The presence of sea ice is indicated by Hg 4

offshore Sakhalin NE coast (52,50° N, 143,66° E)

eak period
continuous
0,01.

Table E.9 — Percentage occurrence of total significant wave height ys)spectral peak period

Significant Spectral peak period

l:r:lgl?t 0 2 4 6 8 10 S 12 14 16

m 199 | 399 | 599 | 790 | 999 | 11990399 | 1599 | 1799 | > 18 || TOTAL

<0,01 33,38
0J01 to 0,99 0,51 3,74 13,74 | 9,36 3,19 0,49 0,08 0,00 0,00 0,00 31,11
100 to 1,99 0,13 9,01 7,96 5,59 1,67 0,40 0,05 0,00 0,00 24,80
2)00 to 2,99 1,07 3,04 1,97 1,04 0,27 0,06 7,44
3/00 to 3,99 0,00 0,50 0,94 0,59 0,15 0,02 2,20
4)00 to 4,99 0;03 0,27 0,31 0,09 0,71
5J00 to 5,99 0,00 0,03 0,15 0,07 0,00 0,25
6J00 to 6,99 0,00 0,04 0,04 0,00 0,08
7100 to 799 0,00 0,01 0,01
8J00 to 8,99 0,01 0,01

TOTAL 0,51 3,86 | 23,82 | 20,89 | 11,98 | 4,30 1,10 0,14 0,00 0,00 100,0
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Table E.10 — Percentage occurrence of total significant wave height vs. spectral peak period in
Aniva Bay (46,45° N, 142,75° E)

Significant Spectral peak period

wave S

height Oto | 2to | 4to | 6to | 8to | 10to | 12to | 14to | 16to | >18 | TOTAL

m 1,99 3,99 5,99 7,99 999 | 11,99 | 13,99 | 1599 | 1799

<0,01 6,34
0,01 to 0,99 3,55 | 40,09 | 20,13 | 3,03 0,98 0,46 0,34 0,11 0,00 0,00 68,70
1,00 to 1,99 030—3924 168 012 00+ 0,0+ 00+ 2436
2,00to 2,p9 1,24 1,83 0,10 0,00 0,00 3,11]3
3,00 to 3,p9 0,00 0,26 0,10 0,00 0,00 0,37
4,00 to 4,99 0,00 0,03 0,00 0,04
5,00 to 5,p9 0,01 0,00 0,01
6,00 to 6,p9 0,00 0,0

TOTAL 3,55 | 40,39 | 40,61 | 6,80 1,35 0,48 0,35 0,12 0,00 0,00 10040

Table E.1]1 — Percentage occurrence of total significant wave height'vs. spectral peak period in
northern Tartar Strait (51,48° N, 141,44"E)

Significapt Spectral peak period

wave S

height Oto | 2to | 4to | 6to | 8to | 10t0~{’12to | 14to | 16to | >18 | TOTAL

m 1,99 | 399 | 599 | 799 | 999 | 11,99 | 13,99 | 15,99 | 17,99

<0,01 21,81
0,01t0099 | 3,64 | 2596 | 18,59 | 3,14 | 0,56, | 0,05 51,89
1,00 to 1,99 0,19 | 17,82 | 2,48 |~o,17 | 0,02 20,608
2,00 to 2,9 1,69 | 2,86,y 0,13 | 0,00 4,68
3,00 to 3,99 0,00 |+0,43 | 0,38 | 0,00 0,80
4,00 to 4,99 0,01 | 0,10 | 0,00 0,12
5,00 to 5,99 0,00 | 0,01 0,01
6,00 to 6,99 0,00 0,0¢

TOTAL 3,64 | 26,15 | 38,10 | 892 | 1,28 | 0,09 | 0,00 | 0,00 | 0,00 100J0
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Annex F
(informative)

Caspian Sea

T eOoTT

Descrintion ofthe region
pHoehn-eittheregion

5 annex covers the Caspian Sea region. The Caspian Sea is situated east of the Black'S
hin the coordinates 36° Nto 47° Nand 47° E to 54° E. Itis aland-locked sea and extehds ap
0 km from north to south, with an average width of 325 km east to west, covering a t
e 400 000 kmZ2[208], As of 2005, the mean sea level (MSL) of the CaspiancSea was -27
ic Datum (equivalent to global mean sea level) and 1,0 m above Caspian Patum.

Caspian Sea offers unique challenges to the oil and gas industry. Thenorthern area is chg
hallow water, is subject to winter icing and negative surges that €ai limit marine oper
thern area also receives a large volume of freshwater dischargé from rivers such as the
[l. The meteorology of the Caspian is complex, with the presence of nearby mountain j
sing significant area variations [208],

Caspian can be considered to have four parts: northern,central, Apsheron and southern (|
north and central areas can be considered to be separated by a line from Chechen Island

whille the central and southern areas can be consider€d to be separated by the Apsheron R

strg
sha
cen
sou
ridg
and

The

con

tches across the Caspian from Baku to Turkmenbashy. Most of the northern Caspian

[ral Caspian Sea in the Derbent Depression has a depth of 788 m at its deepest point]
thern Caspian has a maximum depth0f)1 025 m in the South Caspian Depression. Th¢
e, stretching from between Apsheron-peninsula and the Cheleken peninsula, separates
southern Caspian Seas, has waterdepths of less than 200 m.

nations bordering the Caspian Sea region, and their corresponding lengths of coastlinel’
Azerbaijan: 850 km;

Iran: 900 km;

Kazakhstan: 2-320 km;

Russia: 695.km;

Turkmenistan: 1 200 km.

ba, roughly
oximately
tal area of
0 m below

iracterized
htions. The
Volga and
anges also

Figure F.1).
to Bautino,
dge, which
bea is very

low, with water depths of 10 m or less. In the northeast Caspian Sea, depths are around 4 m. The

while the
b Apsheron
the central

L08] are:

hemiddle Caspian Sea, the continental shelf is limited to depths of about 100 m. The shel

Cl cl ; OU Cl v,

tinental slope extends between the shelf edge with depths of 500 m to 600 m[216],

is narrow

r coast. The

In the southern Caspian Sea, the continental slope is very steep and extends to depths of 700 m to 800 m.
The width of the continental shelf is broadly similar to that of the middle Caspian Sea, except on the
southern coast where it is much narrower, with depths of 400 m only 5 km to 6 km from the coast(208],
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Key
1 North 2 Central 3 Apsheron 4 South

Figure F.[l — Map of the Caspian Sea [202];showing four designated regions: northern, centrpl,
Apsheron and southern Caspian

F.2 Data sources

The Caspian Environment: Programme website, http://www.caspianenvironment.org/casplian.
htm, gives|a general ovefyiew of the Caspian Sea region. The book The Caspian Seal208] describes|the
metocean ¢onditions encountered in the Caspian Sea, and specifically refers to the ice conditions that
can be expgcted in the'northern Caspian Sea during the winter months.

Publicly avjailablé*measured and modelled data are limited for the offshore areas of the Caspian pea;
most measured'data are confined to land and coastal stations. With the growth in offshore oil indugtry
activity fromrthetate1990s onwards; moreextensive offshore metoceamrand-icedata have mow been
collected. A number of national Institutions have carried out hindcast modelling of the Caspian Sea.
In 2002, a dedicated oil industry Joint Industry Project (CASMOS: Caspian Sea Meteorological and
Oceanographic Study [210]) hindcast the wind, wave, water-level and current conditions for the Caspian
Sea. In 2006 to 2007, this work was updated to produce a 50-year continuous hindcast of metocean
conditions on a grid of 10 km x 10 km at hourly intervals[229].

Following the Second World War, the Astrakhan Hydrometeorological Observatory routinely collected
ice data. However in 1984/85 data collection ceased, and ice reports have not been available from this
source since then [Z] (see Figure F.2). From 1992 onward, earth-observing satellites have collected data
on ice coverage.
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a November b December
c January d February
e March

1 Severe winter.

2 Moderate winter.

3 Mild winter.

Figure F.2 — Positions of the ice edge in the Caspian Sea by month and by winter seve¢rity[208]

E.3| cOverview of regional climatology

The Caspian Sea is approximately 1 200 km from north to south, spanning more than one climatic zone,
so the meteorology differs significantly across the region. In general terms, weather conditions in the
Caspian Sea can be categorised, in oil industry terms, as ranging from mild to rough.

The Caspian Sea is influenced by a continental climate regime, which results in large ranges of
temperature and widely varying seasonal wind regimes. In the south, summers are hot and dry, while
the winters are warm. In the north, summers are similar to the south but the winters by contrast are
cold with relatively low snowfall. During the winter, weather is dominated by the Siberian anti-cyclone
that creates east to southeasterly winds of cold, clear air over the northern Caspian Sea. During the
summer, the weather is influenced by the Azores high-pressure zone, with the strongest and most
persistent winds flowing from between west and north.
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The region is subject to extra-tropical cyclones at the rate of about 10 strong events per yearl212], These
approach from the west, southwest or south, although a significant number are also generated locally.
Cyclones most often appear in January, March and October. In the south, in the region of the Apsheron
peninsula, the number of days with wind speeds higher than 15 m/s is between 60 days and 80 days. In
the northern Caspian Sea, the number is reduced to about half this value.

In the northern Caspian Sea, the strongest winds occur between November and April, with typical
annual maxima of around 25 m/s, rising to near 30 m/s for a 25-year return period storm. The summer
months are more benign, with wind speeds only rarely exceeding 15 m/s. The strongest winds in

variable de to topographic effects, notably due to the Caucasus mountains to the west and the local
topography to the north of Aktau. In the south, the topographic influence of the Apsheron peninsula
Caucasus i$ notable, with frequent winter storms that can last from 3 h to 120 h, with typical durat
of 15 h to 18 h. These local storms are difficult to forecast accurately.

In the northern Caspian Sea, daily mean air temperatures vary significantly seasonally' and from jy
to year, spgcifically during the winter period, when temperatures can fall to below)<25 °C in some ye¢
but only tolaround —10 °C in others. In the summer, air temperatures rise to between 30 °C and 35 °

fear
ars,

I~
b

In the soutlhern Caspian Sea winter temperatures are warmer, at 3 °C to 42\°C, with infrequent spow
and frosts| There are, however, occasional short-lived cold spells with temperatures as low as -19 °C.
Temperatulres rapidly increase in the spring and summer, reaching up.to 30 °C offshore but as high as

36 °Cin co
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hstal regions to the west and 42 °C in the east.

rview of regional hydrology

130 rivers flow into the Caspian Sea, with a catchment of about 3,5 x 106 kmZ2. The Volg
argest river and accounts for nearly 80 % 0f'the total river discharge into the Caspian
ficant rivers include the Kura (second largest), Ural, Terek and Sulak. These, with the Vg
90 % of the total annual discharge into-the Caspian Sea.

I part of the Volga River inflow enters the Caspian Sea through the western arms of the Vi
ecomes entrained in the flow down the western coast of the central Caspian Sea. Flow in|

Volga reaclpes a maximum in May/June.due to melt water, and slows to a minimum in July/August.
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Ler, the seawater temperature at the ice edge of the northern Caspian varies from 0 °
he central Caspian témperature ranges from 10 °C to 11 °C; and in the southern Caspig
|0 °C. In the summer months, the central and northern Caspian seawater temperatures
°C; in the southern Caspian they are around 25 °C to 26 °C. Temperatures near the east c
2 °C lower than+those near the west coast.

imatic differences between the northern and southern Caspian, the non-summer distribu
bmperatures is several degrees Centigrade between the major basins in the upper w
1. As summer approaches, temperatures become more uniform across the entire sea. Vert

ais
Sea.
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thermal di

fferences are small during most of the year; however, a strong thermocline develops in

the

upper 20 m to 40 m of the deeper portions of the central and southern Caspian in mid-summer, and
persists into early autumn.

The salinity of the Caspian Sea is roughly one third that of oceanic seas, being usually in the range 12,8 PSU
to 12,9 PSU. Salinity may be as low as 2 PSU in regions subject to freshening by river inflow from the Volga
and Ural Rivers, and may be as high as 14 PSU to 15 PSU in ‘evaporation patches’ in high summer.
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E5 Water depth, tides, long-term water levels and storm surges

F5.1 Water depth

The Caspian Sea can be categorised into four distinct regions based on their physico-geographical

characteristics:

a) the southern Caspian Sea, which is 1 025 m at its deepest point and is bounded to the north by the
Apsheron ridge;

b) the Apsheron Ridge, which lies between Zhiloi Island and Cape Kuuli and has water depths ranging
from a few metres to 200 m;

c) |[the central Caspian, commonly termed the Derbent Depression, which is 788 m atits’degpest point;

d) |the northern Caspian, which is typically less than 20 m deep, and is the shallew water rdgion to the
north of the Mangyshlak threshold.

In the southern Caspian Sea, the continental slope is very steep and extends to depths between 700 m

and 800 m. The shelf is narrow (about 40 km) along the western coast, but much wider (about 130 km)

along the eastern coast. The width of the shelf along the southern, coast is much narrower
40(Q m occur only 5 km to 6 km from the coast.

Water depths in the Caspian Sea are generally referred to theCaspian Datum. This Datum ig
28 m below the Baltic Datum.

F5{2 Long-term water levels

.2.1 General

water level in the Caspian Sea in 2005 was 27 m below the level of the world’s oceans ang
Caspian Datum. However the level is‘subject to considerable variation over various
g-term water level fluctuations of up to 10 m have been recorded for the Caspian Seal202]

changes in climate, the effects of global warming on the local climate, as well as ant
gcts such as changes in conSumption of water from the Volga River and the effects of d
Caspian surface area.

Recent work [225] has, illustrated a strong correlation between the North Atlantic Oscilla
and| the Caspian Sea-evel, probably as a result of depression activity associated with a stro
the|present time, approximately 79 % of the inflow into the Caspian Sea is from rivers, wit
and| Ural accounting for 94 % of this valuel212]. About 20 % of the total inflow comes frof

the|remaining\1 "% comes from groundwater. Evaporation is the major source of outflow,
for some 972.%. The remaining 3 % of the outflow is through the Kara Bogaz Gol, which
evaporation basin. In the late 1970s the USSR constructed a dam across the Gol, separating

; depths of
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In December 1998, when the sea level was 27,0 m below Baltic Datum, this implied [202] a seabed area of

392 600 km2, and a water volume of 78 648 km3.

F.5.2.2 Seasonal water level

In addition to long-term trends, the level of the Caspian Sea is also subject to seasonal fluctuations.
Levels are highest in July and lowest in December, with a mean annual level variation in the range
0,30 m to 0,40 m. This is shown in Figure F.4, which includes a 95 % confidence interval around the
mean, based on the period 1978 to 1998. The seasonal peak has shifted from the month of July to June
over the past century (see Figure 1.4 in reference [208]).
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Figure F.4 — Seasonal fluctuations in Caspian Sea MSL

F.5.3 Tides, storm surges and seiches

The tidal range in the Caspian Sea is very small, on the order of only 0,1 m. However, significant
water level fluctuations do occur as a result of wind forcing and seiching. Prolonged northerly winds
can cause a drop in sea level that prevents the safe operation of vessels in shallow waters. A sudden
reduction in the wind can cause the water to flow back rapidly and oscillate at a period consistent
with a longitudinal seiche over the whole of the Caspian Sea, excluding the extremely shallow northern
section. The dominant periods are 8,5 min to 8,7 min for a single seiche, and 4,4 h to 4,4 h for a double-
node seiche. Detailed reports on the magnitude of the seiches are not available, although seiching has
been observed in data in the vicinity of Bautino with an amplitude of less than 5 cm.
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An example of negative and positive surges in the northern Caspian Sea is shown in Figure FE.5. In the

southern Caspian Sea, storm surges are generally small, varying from -0,1 m to +0,2 m.
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Figure F.5 — Storm surges‘in the northern Caspian Sea
Winds
ery general terms, the most frequent wind directions over the Caspian Sea are:

summer - northerly;

winter - southeasterly.

prevailing wind-direction does vary in different regions. For example, in the western
fral Caspian Seaynear the spurs of the Caucasian Mountains, the prevailing winds thro
I are northwest’and southeast, while ‘monsoon’ traits are clearly evident in the wind reg
Lhern Casplan’s east coast. A similar regime is noted in the northern Caspian Sea, althougl]

ctions.axe’closer to east and west.

Median w1nd speeds are in the range 5 m/s to 7 m/s, and a httle higher (up to 9 m/s) in p

part of the
ughout the
ime on the
1 dominant

articularly

to 12 m/s.

Storms assoc1ated w1th wind speeds in excess of 25 m/s are usually from the northwest, north,
northeast or southeast.

E.7

Waves

The most severe sea states occur when strong winds blow over the longest fetches, namely during
periods of sustained north/northwest or south/southeast winds.

The greatest storm activity develops over the open waters of the middle Caspian between Bautino and

the

Apsheron Peninsula (see Table F.1).
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Table F.1 — Number of events per year with winds > 15 m/s

Average number of events Maximum number of
Location per year with wind events per year with wind
speed > 15 m/s speed > 15 m/s
Bautino 13 27
Apsheron Peninsula 20to 30 45

F.8 Currents

The circuldtion of the Caspian Sea is unusual in that tides are very small, and currents are driven labgely
by regiona| weather systems[216.227]. The relationship between the forcing mechanisms and tfe acfual
observed qurrents is complex. The currents can be large, with speeds dependent on the locatien (water
depth, pos]|tion in the basin, shape of the seabed topography) and the wind system acting on the[sea
surface (mjagnitude, direction and degree of wind curl). Regional descriptions of thé ¢urrents in|the
Caspian Sep describe several anticlockwise gyres, but these give only a broad indication of the flow. To
understangl the currents at a particular location, it is necessary to make site-spéecific measurements
over a suitable period. Such measurements are strongly recommended for detailed engineering desfgn.

Although currents are largely storm-driven, depending on the location and-the wind direction, the geak
currents can occur at the same time as the peak wind and waves or ke delayed by several hours.|For
example, i1} the southern Caspian Sea the storm-generated currents from north or northwesterly winds
peak appr¢ximately one day after the wind and waves, and come{from the southwest. In this a1rea,
strong neaf-bed currents can occur during periods of benign wind and wave activity at the surface,

Generalized current flows in the Caspian Sea are shown in Eigure E.6.

Figure F.6 — Generalized current flows in the Caspian Seal222]
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Other environmental factors

1 Marine growth

The density of fouling organisms in the Caspian Sea is expected to be from ~13 kg/mZ2 to a maximum of
30 kg/m2 to 40 kg/m2 (barnacles being a major contributor). Fouling densities of 10 kg/m?2 to 12 kg/m?2
have occurred on ships, leading to 20 % to 30 % reduction in ship speed.

The hydroid Bougainvillia megas can develop dense accretions inside intakes and pipelines open to the
sea, hindering the flow of water. (Bougainvillia is a gelatinous organism that spreads itself in the form

of a

Thd
nee

F.9

F.0.
Air

}ip]]yfich or mpdncg)[ZOB]

extent of marine growth needs to be reviewed on an annual basis. If necessary, any g
d to be removed by mechanical means.

2 Air temperature, precipitation, humidity, pressure, clouds and-.visibility

2.1 Air temperature

rowth will

temperature varies greatly over the Caspian Sea due to the lengthy meridional dime

sion of its

main axis. The average annual air temperature is 8 °C to 10 °C, 11 2C.to 14 °C and 15 °C to 1} °C for the

nor
ocCc
sou

sunpmer. High temperatures up to 42 °C to 44 °C are obseryed on the east coast.

Any

from year to year, with values as high as 1 500 in\some years, and as low as 300. The numbh

has
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annual rainfall at this\site is ~160 mm, although this is highly variable with annual values fa

as 5
yea
any

ual freezing degree days: Freezing degree days (FDDs) in the northern Caspian can vary si

been related to ice thickness[223].

2.2 Precipitation — Rainfall

amount of precipitation over the“Caspian coastline is a function of the interaction
asses with the relief of the coastal areas and mountains. It can vary between 200 mr
D0 mm/year, depending upen-the location. The distribution of precipitation above the
tively uneven but averagés > 200 mm/year[228],

hfall in Atyrau (northern Caspian) has been measured since the end of the 19th centui

0 mm and as highVas 280 mm. Weekly rainfall is typically between 2 mm and 3 mm for
I, although double this amount can be expected between April and June. Heavy rainfall c
time of theyear, and weekly totals in excess of 15 mm have been recorded throughout th

hig

Snowfdll is discussed in F.9.3.

est weekly total was 95 mm, measured in July. See Figure F.7.

thern, central and southern regions respectively. A large variation in extreme temperatures also
irs. In the north the temperature can drop to —30 °C with the arrival of arctic air, whereas in the
thern Caspian Sea the minimum temperature is =10 °C. The variation in air temperatufe is less in

gnificantly
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Figure F.7 — Precipitation (mm) over winter season in Atyrau, northern Caspian Sea

F9.2.3 Humidity

The humidjity of the air above the Caspian Sea broadly increases-from south to north, and from eas
westl[228]. It does not change significantly during the cold months; measuring on average 80 % to 8
on the western coast and 75 % to 80 % on the eastern coast. @ver the sea, it decreases from 90 % in
central paifts of the Caspian Sea to 85 % in the southern Caspian. In the summer, at the coast humi
ranges on average between 55 % and 70 %, while over tlie sea it reaches an average of 80 %.

Along the rlorthern shore, the mean daily humidity yalties vary from 90 % during December to Febru|
to around $0 % during the summer (July and August). Fully saturated air can occur at anytime betw

tto
7 %
the
ity

ary,
een

October arld March, with daily mean values_of 100 % routinely recorded. During the summer months

the air is drier, with daily maxima rarely éxc¢eeding 90 % between April and October. Minimum d
mean valugs rarely drop below 20 % in,the summer and below 60 % in the winter. The humidity le
offshore tgnd to be higher than those'recorded at the coastal stations during the winter months,
offshore humidity tends to be greaterbetween April and September.

F9.2.4 isibility — Fog and-dust storms

For the majority of the Caspian Sea, fog is mostly observed during the spring. Its frequency decre:
from the ghore towards the open sea areas. In summer, fogs are mainly observed at daybreak
dissipate within 1 l'to' 3 h after sunrise, with heating of the atmosphere. In winter, advective fog at
occurs at the outflow of warm air masses from the land. Its average duration is about 7 h to 8 h, a
can be obsgrvediat any time of the day. The greatest number of days with fog based on mean multiy

aily
vels
but

ises
and
sea
dit
rear

data (32 dpys)to 38 days) is typical of the central Caspian Sea. More than half of fogs are obser

ved

during the cold period of the year.

In the northern Caspian Sea, fog is most common during both autumn and late winter; this is associated
with the high humidity values during this period. The number of days with fog is highly variable from

year to year, but poor visibility can persist for several days at a time.

The average number of days per month of dust storms at Fort Shevchenko is given in Table F.2.
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