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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
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Introduction

The series of documents on arctic operations (currently ISO 35101 to ISO 35106) addresses operational
requirements for use by the petroleum and natural gas industries in arctic and cold regions. Through
their application, the intention is to ensure human life safety and to minimize environmental damage. At
the same time, the series of documents is intended to provide wide latitude in the choice of operational
and design solutions without hindering innovation. Sound engineering judgment is, therefore, necessary
in the use of these documents.

This document is developed to provide a coherent and consistent definition of data requirements for
operations ard-designs—inaretic-and-eoldregions—With-application—+to—offshore—coastalandonshore
situations, the document focuses on meteorological, oceanographic, seabed and ice considerations. In
addition to [the requirements of this document, the requirements of ISO 19901-1 for metoCean |data,
ISO 19906 for ice properties data and ISO 19901-4 and ISO 19901-8 for seabed data also apply.

For many geographical regions, physical environmental data are insufficient for rigoerous statistical
determinatipn of appropriate extreme and abnormal environmental actions andyare insufficiently
detailed for] the conduct of specialized operations. The determination of relévant operational and
design parapneters therefore relies on the interpretation of the available data by subject matter exgerts,
together with an assessment of other meteorological, oceanographic, seabed and ice informatign. In
particular, yncertainties can arise from analyses based on limited data séts:

Annex A prgvides background to and guidance on the use of this document and it is intended to be[read
in conjunctipn with the main body of this document. The clause numbering in Annex A is the same|as in
the normatiye text to facilitate cross-referencing.

viii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7415e25b7f97e21fc88c38c03dc73706

INTERNATIONAL STANDARD

IS0 35106:2017(E)

Petroleum and natural gas industries — Arctic operations
— Metocean, ice, and seabed data

1 Scope

This document specifies requirements and provides recommendations and guidance for the collection,

analy
natu
plan

Refel
locat
shelf]
and 1

This
bein

SIS ard presentation of Tetevant physicat environmental data foractivities of the pe
Fal gas industries in arctic and cold regions. Activities include design and operations, w
ning and actual execution.

rence to arctic and cold regions in this document is deemed to include both\the Arct
ions characterized by low ambient temperatures and the presence or possibility of sea |
ice, glaciers, icing conditions, persistent snow cover, frozen surfaces of’lakes and rive
apidly changing weather systems and/or permafrost.

b undertaken and for existing design concepts. This document,can also be used for othe

and mew design concepts in arctic and cold regions as long as it4syrecognized that all data r¢

are n

2

The
cons
undg

ISO 1
ISO 1

ISO
Part

ISO
Part

ISO
Part

ISO

ot necessarily addressed.

Normative references

following documents are referred to in thestext in such a way that some or all of t
Fitutes requirements of this document. Fordated references, only the edition cited
ted references, the latest edition of the. referenced document (including any amendme

2494, Atmospheric icing of structurés
9900, Petroleum and natural gas industries — General requirements for offshore structu

|9901-1, Petroleum and natural gas industries — Specific requirements for offshore s
1: Metocean design and opérating considerations

19901-4, Petroleuni-and natural gas industries — Specific requirements for offshore s
4: Geotechnicalarnd foundation design considerations

19901-6, Petroleum and natural gas industries — Specific requirements for offshore s
6: Mariné operations

1990148, Petroleum and natural gas industries — Specific requirements for offshore s

'roleum and
hich involve

ic and other
ce, icebergs,
s, localized

document outlines requirements for a range of different operations that have been or are presently

r operations
pquirements

heir content
applies. For
hts) applies.

res

fructures —

tructures —

tructures —

fructures —

Part

B Marine soil investigations

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

[SO 35101, Petroleum and natural gas industries — Arctic operations — Working environment

ISO 35103, Petroleum and natural gas industries — Arctic Operations — Environmental monitoring for
offshore exploration

[SO 35104, Petroleum and natural gas industries — Arctic operations — Ice management

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 35101, ISO 35103, ISO 35104,
ISO 19900, ISO 19901-1, ISO 19901-6, ISO 19906 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
accretion
accumulation of snow, ice and other forms of frozen precipitation on surfaces

3.2
active layer
soil layer abpve the permafrost that is subjected to annual freeze-thaw cycles

3.3
arctic jet
low-level wind directed parallel to an ice edge or ice lead

3.4
areal density
number of i¢e features per unit area

Note 1 to entfy: Usually averaged over a specific time interval.

3.5
bergy bit
floating gladial ice mass with waterline length between 5 m and 15 m

3.6
calibration
process by which physical parameter values are relatedto instrument readings

3.7
calving event
break-up of pn iceberg or other glacial ice mass'into two or more pieces

3.8
coastal regjon
offshore region adjacent to the coast-where the physical environment is influenced by the coast

3.9
data analygis

data interpretation

expert asse§sment of physical environmental data to satisfy design or operational requirements

Note 1 to entty: Datalanalysis can include verification with other data sources or physical process models.

3.10
data storage
organization of physical environmental data into an accessible and documented database

3.11

data collection

data measurement

application of human systems or instruments for recording physical environmental data

3.12

data presentation

provision of physical environmental data in a format suitable to the design process or operational
decision-making

2 © IS0 2017 - All rights reserved
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3.13
downtime
time interval for which an operation is suspended

Note 1 to entry: Downtime can be planned or unplanned.

3.14

expert

individual who through training and experience is competent to provide advice specific to the subject
in question

3.15
firstiyear ice
FY ide
sea i¢e formed during the current or prior winter that has not survived one summer melt s¢ason

[SOURCE: ISO 19906:—1), 3.16]

3.16
floe kize
waterline dimension of a sea ice floe

Note [l to entry: Floe size can be defined as either the maximum waterline dimension or the diamete} of a circular
floe with the same plan area.

3.17
freezing degree days
FDD
cumiilative sum of average freezing daily air tempekatures from the start of the winter seafon

Note|l to entry: The reference point can be 0 °C or the freezing temperature of sea water.

Note |2 to entry: Usually initiated when the javérage daily temperature averaged over a specifigd period, for
example, 30 days, falls below 0 °C or the freézing temperature.

3.18
growler
floating piece of glacial ice with-waterline length less than 5 m

3.19
ice action
extefnal load, displacement, deformation or acceleration applied to a structure as a consequence of an
ice s¢enario

3.20
iceberg draft
distancebetween the deepest point in the keel of an iceberg and the water surface

3.21
ice cover
distribution of ice on the surface of a lake, river or ocean

3.22
ice edge
line of demarcation between open water and floating ice cover (3.21)

Note 1 to entry: Ice edge can be diffuse or compact, depending on the orientation of wind and current actions on
the ice cover.

Note 2 to entry: Ice edge is sometimes based on a minimum concentration threshold over a specified averaging
area in satellite imagery.

1) To be published. Stage at time of publication ISO/DIS 19906:2017.

© IS0 2017 - All rights reserved 3
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Note 3 to entry: The concentration threshold can be dictated by the tolerance of the operation to ice actions (3.19).

3.23
ice encroac

hment

movement of sea ice onto the surface of a platform or man-made island

Note 1 to entry: Ice encroachment can result from ice ride-up, pile-up, and ride-down processes.

Note 2 to entry: Ice encroachment is typically associated with operational or design criteria.

[SOURCE: IS

0 19906:—, 3.26]

3.24

ice feature
continuous
cover (3.21)

3.25

ice hazard
ice threat
ice feature (}

Note 1 to ent

3.26
ice length

mass of ice, floating or grounded, having a greater thickness than the surreundin

B.24) or conditions associated with operational criteria

Fy: In this document, referred to without the “ice” qualifier.

accumulatedl distance travelled by the ice cover (3.21) past a pointregardless of direction

3.27
ice manage]
processes aj

Note 1 to enf
with the inte

Note 2 to ent
and destruct

Note 3 to ent
(see also ISO

3.28
ice ridge
linear featul

Note 1 to en
formed when

ment
nd activities used to mitigate risks from ice

ry: Ice management can be used to alter feing, sea ice or iceberg environments or accumuls
ht of reducing downtime (3.13) and reddging or avoiding ice action effects.

ry: Ice management can involve ice detection, forecasting, threat assessment, removal, alte]
on.

ry: Ice management is oftenyconducted in the context of operating criteria such as alert proce
19906 and ISO 35104).

‘e formed of iC€ blocks created by the relative motion between ice sheets

ice sheets slide along a common boundary.

[SOURCE: IS

g ice

tions

ation

Hures

ry: IcepreSsure ridges are formed when ice sheets are pushed together and a shear ice ridlge is

019906:—, 3.34]

3.29
ice season

period during the year when sea ice exceeds a specified concentration or when ice features (3.24) exceed
a specified areal density (3.4)

Note 1 to entry: Specified criteria can be different for the start and end of season.

3.30
ice shelf

floating ice sheet of considerable thickness attached to the shore

Note 1 to entry: Ice shelf can be determined based on freeboard in excess of 2 m.

© ISO 2017 - All rights reserved
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ice scenario
combination of circumstances involving the presence of ice, resulting in ice events

[SOU
3.32

RCE: ISO 19906:—, 3.35]

ice thickness
vertical dimension of ice, measured from the bottom surface to the top surface

Note 1 to entry: Ice thickness can be determined as an average or maximum value over a specified horizontal

scale

or over the plan area of an ice feature (3.24)

3.33
icet
ice id
3.34
icing
ice a
Note
3.35
icing
coml

3.36

katapatic wind

grav
Note

3.37

landffast ice

fast

ice that remains attached to a shoreéline, island or grounded ice feature (3.24)

[soy

3.38
level
ice f
meck

Note
consi

ype
entified in WMO categorization according to the stage of development

tcretion on the surface of a structure

1 to entry: Icing can involve atmospheric or sea spray processes.

conditions
ination of metocean, ice and operational conditions under which icing (3.34) can occu

ty-driven flow of dense cold air from higherto lower elevations

1 to entry: Katabatic winds are often associated with glaciers.

ce

janical processes

1 to entry: Ice subjected to small amounts of rafting during the initial formation process
deréd as level ice.

a

RCE: ISO 19906:—, 3,37
ice
prmed primarily as a result of thermal conduction and radiation processes and excluding

is generally

Note

3.39

Z 1o entry: T'hicker Ievel i1ce can vary by several centimetres over distances of several metres.

marginal ice zone
sea ice region affected by waves and swell

3.40

multi-year ice
MY ice
sea ice that has survived at least two summers' melt seasons

[SOURCE: ISO 19906:—, 3.44]
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3.41
old ice
sea ice that has survived at least one summer’s melt season

Note 1 to entry: Old ice includes both second-year ice and multi-year ice.
[SOURCE: ISO 19906:—, 3.45]

3.42
packice
sea ice consisting of discrete floes that is not landfast

[SOURCE: ISO 19906:—, 3.46]

3.43
pack ice pressure
horizontal gressure acting within pack ice

Note 1 to enfry: Generally, pack ice pressure is the result of wind and current forcing, but_¢an also result|from
larger scale mechanics of the ice cover (3.21).

Note 2 to entfy: Pressure can be measured on an ordinal scale based on the closingate of icebreaker track.

3.44
persistence
duration of & physical environmental parameter with respect to a specified threshold

3.45
rafted ice
ice feature (B.24) formed from the superposition of two orimore ice sheet layers

[SOURCE: IS0 19906:—, 3.50]

3.46
region of interest
<design> geographical region around- the facility selected to ensure data accuracy | and
representatjveness

3.47
region of interest
<operation> geographical region over which an operation is undertaken and is influenced by ic¢ and
metocean pfocesses

3.48
rolling event
distinct and|[sudden.change in the vertical orientation of an iceberg or other floating glacial ice mags

3.49
second-year ice

SYice

sea ice that has survived one summer's melt season

[SOURCE: ISO 19906:—, 3.62]

3.50
seaice
thermally-grown ice formed on the surface of saline water bodies

3.51
season boundary
start or end of the ice season (3.29) according to specified criteria

6 © IS0 2017 - All rights reserved
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3.52
shelf break
seaward extent of the continental shelf characterized by a significant increase in slope of seafloor

Note 1 to entry: Shelf break can be used to determine the average seaward extent of sea ice.

Note 2 to entry: Shelf break can be used to determine the seaward limit of potential iceberg contact with the seabed.

3.53
snow cover
areal distribution of snow on the ground or ice surface

3.54
stabijlity
statg of hydrostatic or hydrodynamic equilibrium with respect to vertical orientatien, ysually with
referjence to icebergs

3.55
sub-gouge deformation
displacement of seabed soil beneath a gouging ice feature (3.24)

3.56
waterline length
maximum dimension of an ice feature (3.24) in the plane of the,water surface

3.57
watgrline width
maximum dimension of an ice feature (3.24) perpendicular to the waterline length (3.56) in|the plane of
the vater surface

3.58
wind chill
percg¢ived temperature due to the combined effect of low ambient temperature and wind

4 $ymbols and abbreviated terms

4.1 | Symbols

d distance fromthé’ice edge
E wave enefgy

Eo waveenergy in open water
h ice thickness

M ice sample mass

bt true precipitation

Pm measured precipitation

S salinity

T air temperature

Twe wind chill temperature

U1o wind speed at 10 m elevation

© IS0 2017 - All rights reserved 7
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U wind speed at the elevation parameter is to be estimated
%4 ice sample volume

a wave attenuation factor

Pi ice density

4.2 Abbreviated terms

EER escapey avacuationand rescue

FDD freezing degree days

FEED fronf-end engineering and design

FY firstiyear, with reference to sea ice
HSE  health, safety and environment

IMO Intefnational Maritime Organization
MY  mulgi-year, with reference to sea ice
SY second-year, with reference to sea ice

WMO World Meteorological Organization

5 General requirements
5.1 Genefal

5.1.1 Physical environmental data requirements

An assessment of the physical environmental parameters affecting an operation or proposed offghore
structure sHall be made.

Information|about the followihgphysical environmental data should be determined.

a) Distribytions of parameters, which are required to determine actions and/or action efffects
associated with extreme and abnormal environmental events. These parameters are used to define
design gituation(s) and to perform design checks for structural limit states.

b) Long-tefmvdistributions of parameters, in the form of cumulative conditional or marginal statiptics.
These parameters are used to define design situation(s) and to perform design checks for the
fatigue limit state, and to make evaluations of downtime/workability/operability during a certain
period of time, for the structure or for associated items of equipment.

c¢) Normal environmental conditions, which are expected to occur frequently during the design
service life of the structure, 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, e.g. fabrication, transportation or installation, or
field operations, e.g. drilling, production, offloading, underwater activities.

d) Regional environmental oscillations, cycles and long-term trends associated with the parameters
in a) through ).

8 © IS0 2017 - All rights reserved
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5.1.2 Relationship with ISO 19901-1 and ISO 19906

General requirements, guidelines and information for metocean data are given in ISO 19901-1 for all
regions. Mechanical properties of ice and derived physical parameters for arctic and cold regions are
given in ISO 19906. This document deals with all other physical environmental and ice parameters for
arctic and cold regions, including actions from snow and ice accretion.

5.1.3 Data sources

All data sources and methods used to generate physical environmental data shall be described and
documented. The quality and validity of data shall be assessed by subject matter experts. Specific

desc

All ljmitations with regard to data quality and/or validity shall be explicitly definéd an

accoy

If lod
thein

and how these have been dealt with should be included.

5.1.4

Suffi
unde
locat]

The

inter]
cons
oper

The 4
to 5.

"iptions for relevant parameters are given in Clauses 6 to 17.

int in design and/or when planning operations.

al data are not available and data from nearby areas are applied, the methods and mo
application shall be documented, including all assumptions made. In ‘@ddition, any u

Selection of appropriate parameters

Cient data should be collected, analysed and interpreted te'meet the requirements of th

ion, spatial resolution, frequency, and accuracy of the.data.

selection of the appropriate physical environniental parameters depends on the
est, the type of structure or operation concerned, the design situation involved and th
dered. Different parameters can be requiréd for different structure types, differen
htional situations, and different limit statés.

easonality and time periods associated with the operations should be taken into accou
p.3 and 5.2.4.1.

Site-
base

— ¢ceanographic processes (waves, currents, water levels, temperatures, salinities) as

bpecific data on physical environmental parameters shall be collected, analysed an
[ on the requirements of €tause 5 and the additional requirements for:

[lause 6, Clause 8, €lause 9, Clause 10, Clause 14 and Clause 16;

q

q

i

jdtmospheric pfocesses and effects (wind, temperature, precipitation, visibility, d
included in Clause 7, Clause 11, Clause 14, Clause 16 and Clause 17;

ea ice (thickness, extent, drift, origin, physical properties) as included in Clause 12 an

1 taken into

dels used in
Incertainties

e standards

r which the design or operation is carried out. Sufficienicy can involve, but is not limited to the

location of
e limit state
t designs or

htaccording

d presented

included in

rainage) as

1l Clause 16;

cebergs and other discrete ice features (morphology, drift, physical properties) as

[lau'se 13 and Clause 16: and

included in

Clause 16 and Clause 17.

5.1.5 Physical environmental data monitoring

seabed and subsurface processes (ice gouge, strudel scour, permafrost) as included in Clause 15,

All instrumentation and data collection devices should be designed for, or protected with respect to,
icing, snow accumulation, ice encroachment, anticipated temperature range, moisture, frost, as well as
anticipated combinations of ice and metocean conditions. Routine verification of data streams should
be made to minimize gaps in data, particularly with respect to 5.2.2.
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5.1.6 Data storage

All physical environmental data collected in the region of interest as part of offshore operations in
arctic and cold regions should be archived.

5.2 Particular aspects

5.2.1 Region of interest

The region of interest for operations:

a) shall beg
undert3

b) shall bg
affect th

c) should

overwi

defined as the geographical region over which the operation or phase of the operation is

ken, including the vessels supporting the operation;

defined as the geographical region over which ice and metocean features gnd’proc
le operation or phase of the operation;

include ice management, EER routes, mobilization and demobilization, local sy
ering sites for drilling and support vessels and personnel transfer. This region s}

t
be suff;Liently large to ensure the accuracy of data within the regions“defined in a) and b]

sufficie
For design, {
— sufficie
sufficie

The size of {

5.2.2 Crit

The import
states for de

For critical
anticipated

5.2.3 Var

Different sc

cold regiongd.

tly constrained to ensure their representativeness within these regions.
he region of interest shall be

htly large to ensure the accuracy of data at the locationof the facility, and
htly constrained to ensure the representativeness.ef the data at the facility.

he region of interest can vary depending on thie' particular parameter under considera
icality

ince of the physical parameters shotild be understood in the context of operability,
sign and consequences involving life-safety, environmental damage and asset loss.

operations, considerationSshould be given to the identification and use of maxi

parameter values and cembinations of parameter values with maximum consequencesg.

ability

hles of variability can be distinguished for physical environmental parameters in arcti

rm vatiability is associated with events lasting less than an hour. Typical examples af
rations-or floe sizes and ice drift heading changes.

ESses

pply,
jould
and

tion.

limit

muim

C and

eice

term vqriqhilify is associated with events I:xch'ng from hoursto dqyc Typi(‘:\] qump]p

S are

ice drift rate, iceberg or sea ice feature proximity and wind and wave variability during polar lows.

ice and iceberg presence.

a) Short td
concent]

b) Medium

c)

d)

Seasonal variability is associated with natural seasonal cycles. Typical examples are seasonal sea

Inter-annual variability is associated with longer cycles and climate change. Arctic ice thickness

and extent vary on decadal time scales. Inter-annual variability is more pronounced between

norther

n latitudes of 65° and 80°.

An analysis of parameter variability should be conducted for all important parameters in arctic and cold
regions. Typically, the analysis should identify monthly or seasonal variability, including anticipated
maximum and minimum values as well as physical limits on parameter values, where appropriate.
Inter-annual variability should be accounted for, particularly when operating with data records for a
limited number of years.
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Variations in physical environmental parameters can be expressed in terms of

— the proportion of time for which the parameter values exceed or are less than a specified value, or

— the probability of exceeding or being less than a specified value within a given time period.

5.2.4 Statistical

5.2.4.1 General

Basic statistics, probability distributions, extreme values, abnormal values and relationships with

asso
Rang
stati

Ifred
aver;

Site-

and for application to operating time windows.

Data
meas
para
beca

btical data.

Jundant, independent measurements are made, they can be used to reduce the uncertaj
hging techniques.

specific ice and metocean data should be interpreted to identify mdonthly and seasong

kets for ice parameters can be developed directly from site=specific measurement
urements at nearby locations or through the establishment of relationships between

1se of short time series or limitations of the models used.

Meta

If hi
from|
mod

If mg

condjfitions are similar in climate and.that appropriate factors are applied.

5.2.4

Data
deve
featy

Joint
that

extensive measurements as long as uncertainties in these relationships are taken into acco

dcasts are used, the modelled results should be calibrated (or verified) against mg
nearby locations for which measurengents exist. If such measurements do not exi
ls can be calibrated or verified against measurements from analogous sites with a sim

asurements or hindcasts exist(for nearby locations, these datasets may be used, pj

.2 Relationship between parameters

values should beCtagged spatially, temporally and associated with specific featy
opment of jointZevents. Emphasis should be placed on ensuring correct spatial, tqg
re references.,

probability’ distributions shall be developed for important design and operational
hre correldted. In many cases, poorly sampled parameters can be related to paramete

Whe

Flated parameters should be provided according to the design and operational relquirements.
es, confidence intervals, biases and other measures of uncertainty should be docyimented for

nty through

1| variations

s and from
the desired

meters and other contributing factors. Due account shall be made for uncertainties, whether

cean datasets can either be established by site-spe€ific measurements over a period of years or as
an aln[ernative, by numerical modelling (hindcasts) of‘historical events.

asurements
st, hindcast
ilar climate.

ovided that

ires for the
mporal and

parameters
s with more
unt.

r]nvn]nping pnr:\mpfpr combinations in Hpcign Fnrmn]an’ jninf prn]’\nhi]ifinc shall

e assessed

to ascertain whether the combinations are stochastically dependent, stochastically independent or
mutually exclusive.

5.2.4.3 Persistence

Persistence statistics should be developed for parameter values associated with human performance
(see ISO 35101), for winterization, for marine operations and for aerial operations.

Reference should be made to 5.2.6 for persistence data for weather-restricted operations.

© ISO
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5.2.4.4 Record length

Where record lengths of local data are limited, relationships with measurements of other parameters
for which longer periods of record are available should be considered.

Limited record lengths should be reflected in the uncertainty associated with parameter estimates.
Seasonal, annual and regional biases shall be taken into account when estimating parameter
uncertainties.

5.2.5 Forecasting

Forecasts o
stage of op4
accuracy ca

|ning
bcast

fphysicatenvirommentat comditions should-bestartedasearty as possible i the plar
rations to ensure timely collection of important parameters and to ensure thatyfor
N be quantified.

Forecasts should be verified with measured data, so that the accuracy can be reliably estitwated and the

forecasts can be improved over time.

Weather and physical environmental predictions required for operations (Should be monitored

constantly g

Regardless
evaluated. T
with respec

The period
measureme
accuracy wh

5.2.6 Wes

5.2.6.1 (i

Physical eny

including contingency.

For each spq
be defined a

nd updated as necessary.

pf accuracy, forecasts based on at least two independent models should be consulted
he forecasts shall be based on up-to-date input data andshall be issued on a timely
L to operational requirements.

pver which a forecast is accurate shall be defined based on past forecasts and site-sp
len contingency is sufficiently accounted for.

pther windows

iteria

rironmental data criteria for operations depend on the planned duration of the oper4

cific phase of the operation, the design and operational physical environment criteria
s follows.

basis

pcific
ts. Forecasts may be used for executing marine gpérations carried out within the period of

tion,

shall

The des|
calculat

ign criteria are the'set of values of the physical environmental parameters for which d
ions are carriéd)out and against which the structure and/or operation is checked.

Psign

ther-ungestricted operations, the operational physical environmental data criteria are the

the design criteria.

For wed
same ay

et at
ded

ther*restricted operations, the operational physical environmental data criteria are §

For weg
Values t Aeannatho aveoadod atthoa ctart aftha anaration and faorwhich faracactc nranat ave
o Coa o B e- X te e a bttt e ot v Ot e- O p e O oYW HH CH T O e e ot o e ot ExcEC

for the duration of the operation.

Physical environmental data criteria can be set in the context of operational limits, systematic alert
procedures and operational responses.

5.2.6.2 Weather-restricted operations

Weather-restricted operations shall be planned using accurate time history data that indicate not only
the probability of not exceeding the limiting criteria but also the persistence of such conditions for the
season in question. Reference to weather includes ice and other physical environmental criteria.

Consideration should be given to reducing the limiting criteria to account for uncertainties in the
duration of the operation, in the data, and in forecast accuracy.
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Weather windows should be developed based on thresholds of the key sensitive parameters of the
operation. For example, the duration statistics for favourable conditions should be computed based on
known limiting thresholds for physical environmental parameters.

5.2.6.3 Margins on weather

Planning for operational activities that are dependent upon specific physical environmental conditions
shall take into consideration the quality and confidence level in the forecasts. The confidence level
will vary depending upon the available data, the variability in the parameter being forecast and the
experience of the forecaster. Forecasts for critical operations should indicate the probability that
operational criteria associated with ice and other physical environmental parameters are met.

If the in should be

physical environmental criteria are based on statistical maxima, an appropriate marg

added to account for inaccuracies in the calculation model and the probability of exceeding fhe maxima.
Margins should reflect the nature of the operation and whether suspensiofni\Is possiljle once the
opergtion is initiated. For operations requiring a continuous window, margins should He increased
accordingly.

5.2.7 Climatic trends

Climptic trends should be assessed for key time-varying parametérs, with specific considgration of air
and yvater temperatures, as well as sea ice and iceberg presence.

Parameters used for design should take into account prejected trends in climate, as justified by the
mosf recent climate science, if the net effect leads to mere ‘severe conditions. Design criterip should not
be rgduced based on projected climatic trends.

The |nfluence of climatic trends on data used-for planning operations should be assess¢d when the
operftions are expected to take place over several years.

5.2.8§ Expertise and experience

The follection, interpretation, analysis, storage and presentation of all physical environmental data
and ¢lerived products within the-seope of this document shall be performed or supervised by subject
matter experts.

Operjations personnel shall)be trained in the collection and interpretation of physical enyironmental
data|pertinent to theix responsibilities and have access to subject matter experts on g timely and
reliaple basis.

Interpretation of>physical environmental data and forecasts associated with critical |operational
situations, as‘defined in 5.2.5, shall be conducted by subject matter experts.

6 ater depth, tides and storm surges

6.1 General

Water depth, tides and storm surge parameters shall be determined in accordance with ISO 19901-1.

Specific consideration should be given to tide and storm surge data during the months when icebergs
and sea ice are present.

Particularly in shallow water environments, such as estuaries and river mouths, seasonal variations
in water depth as a result of fresh water inflow and ice formation/melting processes should be
characterized.

Deviations in the water surface elevation as a result of tides and storm surges shall take into account

the presence of the sea ice cover.
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Changes in water surface elevation should be characterized in a manner that allows for safe icebreaking
operations, safe vessel transit and any other anticipated vessel and structure operations.

Ranges of water surface elevation should be determined to assist with the specification of operational
and design values of ice loads on structures fixed to the seabed, on geotechnical structures and on
natural and man-made shore facilities. Displacements, deformations, damage and abrasion of these
facilities should also be considered in the specification of water level data.

6.2 Bathymetry

Accurate bathymetric data shall be consulted prior to the planning and conduct of operations and

before desig
requiremen

Changes to
taken into a

The above-n
operations g

6.3 Tideg

Tidal variat
accuracy an

— the forn
drift an
stresseq
ice encr]
EER sys

ice man

6.4 Storn

Water levels
and forecast

the max

the max

ns are completed. Bathymetric data shall be collected where existing data do not mee
s of this document.

the local and regional bathymetry as a result of dredging, berms and structurés shg
ccount in the specification of parameters in this document.

hentioned requirements regarding bathymetric data should cover the région of intere
nd design (see 5.2.1).

ions should be characterized from measurements, interpretations and forecasts
d frequency consistent with requirements relating to:

nation of ice features;

the groyinding of ice features;

d displacements of the ice cover and ice features;
transmitted to the ice cover;

oachment;

tems;

ngement and other vesseloperations.

1 surges

s with sufficient accuracy and frequency consistent with requirements relating to:

imum.and minimum elevations of ice actions;

t the

1l be

5t for

it an

associated @ith storm surges shall be characterized from measurements, interpretafions

ifmum elevation to which floating ice features can be deposited on shore;

ice encr
EER sys

ice man

14

the refloating of grounded ice features;

displacements of the ice cover;

oachment on beaches, rockfill structures and other man-made structures;
tems;

agement and other vessel operations.
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7 Wind

7.1

General

Wind-related parameters shall be determined in accordance with ISO 19901-1.

Wind speed values shall be qualified by elevation, duration and averaging interval.

The joint distribution of wind speeds, air temperatures, and any other contributing parameters shall
be interpreted for the determination of wind chill indices, sea spray icing, and other forms of snow and
ice accretion to surfaces. Typically, data shall be interpreted in terms of normal values for operations

plan

7.2

Infor
the Ii

If th{
shou

7.3

Infor
oper

7.4

Whe
level

8 |

8.1
Infor

The

For
disse

ning and extreme values for design.

Polar lows

mation on polar low activity in the operating area should be collected in advance of op
kelihood of occurrence should be noted explicitly in the weather forecasts during ope

e effects of polar lows are not considered in wind hindcasts, their eentribution to d
Id be included through specific consideration of these events.

Katabatic wind

mation on Katabatic winds and contributing factors. should be collected and in
htions and structures are situated in areas that can be-exposed to them.

Low level arctic jet

Fe applicable, data should be collected and interpreted on the wind speeds associatg
jets as well as contributing parameters;

Waves

General

mation on waves and wave data shall be determined in accordance with ISO 19901-1.

perations'yulnerable to the combined effect of waves and ice, accurate measuremen
mination of wave data should be prioritized.

brations and
rations.

bsign values

terpreted if

d with low-

frequency of wave measurements during operations should be sufficient to captyre relevant
changes in key parameters.

t and timely

b considered

Poss

ble,effects of long term reduction in ice extent and ice concentration on fetch should b¢

ind

8.2

g and plammming of operatiorrs:

Wave-induced ice motions

The basis for wave-induced motions of ice features should be the appropriate joint probability
distribution between wave height and wave period at the relevant probability of exceedance.

Guidance on wave-induced ice motions of ice features can be found in ISO 19906.

8.3

Wave transmission through sea ice

In marginal ice zones, the potential for wave transmission through sea ice should be assessed.
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Where operations are affected by interactions between sea ice and wave conditions, data should be
collected to document and assist with the forecasting of changes to these conditions. Data for other
contributing parameters, such as winds and currents, should be considered as well.

For design, the local wave regime and sea ice climate should reflect potential effects of wave

transmissio

n through sea ice.

9 Currents

9.1 Gener

Currents sh

The local cu
the facility,
as loading/
characterizg
in the vicini
inflow. Con
current med

The regiond
processes al

Far-field cu
sourcing of

Vertical cur
protection, |

9.2 Curré

Ocean curre
should be gi

For seaice d
current mod

For iceberg
iceberg draf]
inference fr

9.3 Curre

Currents in

al

h1] be determined in accordance with ISO 19901-1.

rrent regime shall be characterized for understanding ice drift patterns in thelvicin
the estimation ice interaction velocities with structures and for vessel opeérations,
inloading and ice management. Local anomalies in current fields shguld be ident
bd and integrated into operational criteria. Particular attention should ‘be given to cur
Ly of shelf breaks and in nearshore areas subjected to significant tidal effects or freshy
Huctivity and temperature measurements with depth can be used to supplement d
surements.

| current regime shall be characterized for understanding)ice presence and deform
1d for the development and implementation of drift forecdsting algorithms.

‘'rent regimes can be used to understand ice formation processes and to assist wit
ocal ice features.

rent profiles should be measured periodicallywhere there is scour potential of berms,
biles, sheet-pile and other ice-resistant structural components.

nts for sea ice and iceberg drift prediction

nts shall be assessed in terms of-their influence on sea ice and iceberg drift. Consider
[ven to increased spatial, depth and temporal resolutions of data and models.

rift forecasting, the sunface current regime should be assessed by means of measurem
els, inference from ice\drift rates or some combination of these approaches.

Arift forecasting the current regime through the water column to the depth of the de
t anticipated.in the region should be assessed by means of measurements, current ma
bm icebergdrift data or some combination of these approaches.

nt records

hirChic areas are generally poorly mapped.

ty of
such
ified,
rents
vater
irect

htion

h the

slope

htion

ents,

bpest
dels,

In new areas, currents should be measured in accordance with ISO 19901-1 during the course of
operations with durations of several weeks or longer.

Where activities are planned to take place over several years, simultaneous measurements of ice drift

and local cu

rrent measurements should be considered.

10 Temperature

10.1 Gene

ral

Air and water temperatures shall be recorded according to the requirements of ISO 19901-1.
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10.2 Sea water temperature

The freezing point of sea water shall be documented for the range of salinities present in the region.

Particular consideration should be given to sea water temperatures around the freezing point,
potentially involving increased frequency, depth resolution and spatial resolution of measurements.
Thermocline temperature profiles should be measured to forecast frazil ice formation and onset of new
ice growth.

Where melting of ice features is a design or operational consideration, sea water temperatures should

be m

easured to a depth at least equal to the draft of the largest ice features in the region.

10.3

Insty
shall

The

Air temperature

uments used to measure air temperatures in arctic areas with temperatures lower
be designed accordingly. This requirement exceeds the specifications outliiegd'in ISO

averaging interval and elevation associated with air temperaturéymeasuremen

doc

Wind chill shall be calculated for evaluating outdoor working conditions in cold climates. V
temperature relationships should also be assessed in the context of ice growth, equipment

and

11 4

11.1 General

Meas
and
incre

Atmg
Cons

Geon

11.2

Dayl
dark
shall

11.3

ented.

aterial properties.

Atmospheric parameters

urements of atmospheric parameters sheuld be recorded in accordance with WM
Histributed to relevant national weather service providers. The requirements of thi
mental with respect to ISO 19901-1.

spheric pressure shall be measured to assist with the interpretation of weather forec
ideration should be given te'ultraviolet (UV) forecasts for operations involving outdog

hagnetic storm forecasts-should be consulted prior to commencement of operations.

Daylight considerations

ght conditions vary significantly throughout the year in the Arctic, stretching fro
hess during'winter to 24 h of daylight during summer. For planning operations, dayligh
be takenrinto account.

than -40 °C
[9901-1.

ts shall be

Vind and air
erformance

D standards
s clause are

hSts.

r personnel.

m complete
t conditions

Visibility and cloud ceiling

Atmospheric parameters should be measured to address optical visibility as well as the effectiveness
of various imaging systems used for ice detection and characterization. Visibility measurements should
be recorded in the horizontal and vertical directions.

Seasonal trends in fog conditions and their relationship with ice coverage should be assessed for
operations planning. Inter-annual trends should be reviewed when increased incidence is anticipated
in the future.

Visib

© ISO

ility and cloud ceiling should be monitored and logged during operations.
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11.4 Precipitation

Precipitation in the form of snow, rain, sleet and hail should be documented based on historical data
prior to commencement of operations and should be monitored as part of operations.

Special requirements for the collection and interpretation of precipitation data in arctic and cold
regions are given in Clause 14.

12 Seaice

12.1 Gene

Sea ice data
in regions v
actions are

Sea ice infol
collection of

If ice data aj
or if local r
regions wit]
regions are

in the applid

Theregiond
area. The s
range of po
proposed of

Sea ice infol
by all opera

Sea ice cong
foundations
presence of
bases and o]

All seaiced
dealt with b

12.2 Sea i

12.2.1 Opdg

al

shall be considered for all operations and for all phases of a structure’s design-Servig
'here sea ice has been present historically. Requirements for the consideration’of sq
riven in [SO 19906.

mation can be obtained from actual observations from the region of interest throug
new data or from representative historical data.

e unavailable for the region of interest, if local data records are less than 10 years in le
ecords do not accurately represent the expected ice conditions, information from ng
1 similar ice environments and more significant archives€an be used. If data from n¢
hpplied, any assumptions should be documented and untertainties should be accountd
ation of these data.

finterest for seaice (see 5.2.1) shall include the areaof operations as well as the surrour
rrounding area shall include an updrift distance based on a maximum drift rate, th
fential drift directions and a conservative estimate of the lead times associated wit
erations (see 5.2.1).

mation collected during operations.should be presented clearly and readily interpre
fional decision-makers.

litions can be influenced by.the presence of engineered structures, abandoned berr
and by dredging and icebreaking operations. Resulting changes to the ice cover
grounded features andrsea ice mobility shall be documented and incorporated in d
perational protocols.

hita monitored during operations should be collected, verified and archived, if not other

[y national anddntérnational ice services.

L€ season

rations planning

e life
a ice

h the

ngth
arby
arby
d for

1ding
b full
h the

table

NS or
, the
Psign

wise

Prior to the commencement of any offshore operations in regions where sea ice can occur, a historical
study of sea ice season boundaries shall be conducted for the region of interest.

In areas where ice does not persist through the summer, the start of the ice season is when the first new
ice growth takes place. Where ice can reach the region of interest at any point during the year, the start
of the ice season is when the concentration of any ice type reaches a specified minimum value. The end
of the ice season is when the total ice concentration falls below a specified value and remains so until
the ice-free season begins.

In the absence of other information, a total of sea ice concentration of 1/10th in the region of interest
can be used to define the end of the sea ice season unless the operation and equipment involved have
zero tolerance to ice actions. Where new ice growth marks the start of the sea ice season, a total ice
concentration in excess of 1/10th can be used as long as there is some ice tolerance to the operation and
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equipment. Sea ice concentrations associated with season boundaries can vary with the nature of the
operation and the vessels involved in its conduct.

The variability in the ice season start and end dates shall be assessed, with due account for uncertainties.
Significant inter-annual variability in sea ice conditions is common in all arctic regions.

The frequency and duration of ice intrusions within the open water season shall be assessed.

12.2.2 During operations

Criteria defining the ice season boundaries shall be tracked prior to and throughout the operation.

Ice d
12.2
quali

1 and should be collected for a sufficient period prior to the start of operations, to
ty, to allow for training and to verify communications protocols.

ata defined in 12.3 through 12.6 shall be collected within the ice season boundafies defined in

ensure data

Regardless of when an operation is undertaken, sea ice data shall be collected-if ice is present or is

fored

12.2

Ice 3
12.2
acco]

Whe
day
12.3

12.3

Suffi
facto

Local
oper
weat

An 3
plan
varig

Priofq
and f

ast to be present in the region of interest.

3 Design

eason length should be assessed for the region of interest*using the guidelines

mmodate parameters associated with these situations.

[ata for air temperatures.
Seaice coverage

1 Operations planning

Cient ice cover data shall be callected and analysed to ensure that the important
rs to the formation, distribution and decay of sea ice are understood.

| ice concentration shall be monitored under circumstances where ice coverage
htional constraints. Qperational constraints can apply for EER, vessel access to a p
hervaning of moored.vessels.

bility of ol@ice incursions into the region of interest should be made.

loe‘sizes by ice type in the region of interest shall be conducted.

provided in

1. Season boundary definitions used for design situations§‘should be developed splecifically to

[e possible, the period of record for ice season lengthtshould be extended based on freg¢zing degree

contributing

can impose
latform and

ssessment of hisforical frequency of sea ice incursions into the region of interest during the
ned operating)season should be made. Where relevant, a separate assessment of the fr¢quency and

to the’commencement of operations affected by sea ice, a historical study of sea ice cofcentrations

A lor
avail

able and validated for the region of interest.

1ger-term seasonal Ice conditions rorecast model Tor the region or immterest should be applled if

In marginal ice zones, historical data regarding seasonal and inter-annual variations in ice edge
location shall be documented. The ice edge definition should be consistent with the requirements of the
operations. Consideration should be given to the use of the national ice service definition as well, where
different from the primary one used for operations.

12.3.2 During operations

Sea ice concentrations and floe sizes by ice type should be recorded at a frequency consistent with the
requirements of the operation.
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When physical ice management methods are used to reduce floe size (see ISO 35104 and ISO 19906),
ambient and managed sea ice conditions, including floe size, shall be recorded.

Even if sea ice is not present within the region of interest, data on the concentrations of different sea ice

types of the

nearest sea ice should be monitored.

Ice edge (see 12.3.1) positions shall be monitored prior to and for the full duration of the operation.
Isolated areas of ice with total concentration in excess of the documented ice edge threshold shall be

monitored.

Metocean conditions should be documented in accordance with ISO 19901-1 and archived together with

the sea ice

ata asincluded in Clanses 6 to 10 _Forecast and measured data should he archived

12.3.3 Des|
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Metocean cq
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12.4 Sea i

12.4.1 Op¢g
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design of any offshore structure or vessel that services an offshore operatioh) a histc
h ice total concentrations and partial concentrations in the region of interest sha

ge of ridges, rubble fields, rafted ice and any other features distinfguishable within th
issessed (see also 12.6).

be collected to document the length of sea ice passing/by. the site of interest ove
e or more winter seasons. Ice length can be estimated byJintegrating the product of th
n and the drift speed over the duration of the winter season.

nditions associated with sea ice occurrence shouldbe identified and assessed as includ
10. Fetch length characterization for wave-affected ice processes should also be consid

'e thickness

rations planning

ent shall be made as to the sufficiency of ice thickness ranges provided in ice chart d4

not, the reqliirements of 12.4.3 for ice thickness estimation shall apply.

The thickn¢
considered.

12.4.2 Dur

Actual sea i

ss of all ice types interpreted from ice charts for the location(s) of the operation shz

ing operations

ce thicknessshould be recorded at locations and with a frequency that are consistent

the requiremments ofithe operation. The measurements should also be consistent with the perform

requiremen

s of the vessels used in the operation.

b document the frequency and attributes associated with the various ice-types present.

rical
1l be

£ sea

r the
eice

ed in
ered.

ta. If

1l be

with
ance

Reference shotld be made to 12.6.3 for the thickness of specific ice features.

12.4.3 Des

ign

Local measurements of ice thickness, where available, shall be used for design. Where local
measurements are unavailable, data from nearby sites with similar temperatures, snow cover and sea
ice regime may be used with proper justification.

Thermal growth models may be used to estimate ice thickness, if calibrated using data from local
and regional sites with similar ice, wind, current and snow regimes. Due account shall be made for
differences in these factors and in the potential for rafted ice contributions to the overall thickness.

Spatial differences in ice thickness shall be characterized on a scale consistent with design requirements.
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With reference to 12.3.3, the annual average length of ice associated with different thickness and drift
speed ranges should be estimated for use in local pressure and structural fatigue calculations (see
ISO 19906).

Probability distributions of ice thickness and joint distributions with other parameters should be

developed as required.

12.5

12.5.

Sea ice drift and movement

1 Operations planning
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vailable records of regional sea ice drift within the region of interest should bé ¢
ysis and documented.

to the commencement of operations, a historical study of sea ice drift speed vai
pminant directions in the region of interest shall be conducted.

ssessment of the respective influences of winds and currents.on historical ice d
tions and pack ice pressure and dynamics shall be made priorto the commencemen
htions. Reference should be made to wind data (Clause 7) and.eurrent data (Clause 9) re|

Fe relevant to the operations, evidence of tidally-induced movements of landfast
sed.

2 During operations

Ce drift speeds and directions should be recérded at a frequency consistent with the r¢
P operation.

speeds and directions for the nearest-sea ice within the region of interest shall be mg
nates shall be made of travel time'to the site of the facility or operation. Even if there
ent within the region of interest, the drift of the nearest sea ice should be monitored at
stent with potential time of entry into the region of interest.

Fe relevant to the operation, sea ice drift and significant changes thereof should be f]
5104).

bsessment of the(respective influences of winds and currents on ice drift speeds, direct
pressure shallkbe made throughout the duration of the operation. Consideration sho
e drift of different ice types, e.g. first-year ice, old ice, new ice, as classified by the ice
lard in the)country where operations take place.

fast iee displacements should be documented and assessed where these have a mater

ence of rapid changes in drift direction and contributing factors should be investigated.

ollected for

iability and
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ice shall be
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12.5.

3 Design

A historical study of sea ice drift speeds and directions in the region of interest shall be conducted.

The joint probability distribution of drift speed and direction shall be calculated. Site-specific data shall
be collected, where necessary, to define the distribution. Effects of ice thickness, ice type, floe size and
particular ice features on the distribution should be assessed.

Drift direction changes can be characterized in terms of drift track curvature and its relationship with
drift speed.

In marginal ice zones, the influence of waves on the speed of ice features should be characterized and
included, where appropriate, in probability distributions to be used for impact calculations.
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In regions of landfast ice subjected to tidal actions, rates of ice movement away from shore should
be characterized. Where historical data are not available, data should be collected. The effects of air
temperature, tidal range and other relevant parameters on ice displacement rate should be assessed.

12.6 Sea ice features and conditions

12.6.1 General

Many sea ice scenarios can be defined in terms of readily identifiable ice features or conditions that are
not dealt with specifically in 12.1 to 12.5.

elds,
lyear

ures of potential interest include extensive areas of rafted ice, ridges and rubblé\f
grounded rubble piles, features formed or consolidated in the tidal zone and second
r floes (old ice). Particular consideration should be given to features that are

Sea ice feat|
stamukhi o
or multi-yed

— of largg areal extent and consolidated to thicknesses in excess of the thermally<grown level ice
thickneps for a single winter, or

— of any gize that are consolidated to thicknesses well in excess of the thermally-grown level ice
thicknefs for a single winter.

Sea ice scerjarios of potential interest can involve pressure, brash icebuild-up, break-up, break-out,

encroachmgnt and other incursions.

12.6.2 Opdrations planning

Historical eyidence of the areal density or frequency, magnitude and contributing factors relating to

identifiable [ice features and conditions shall be documented. Focus should be on expected parameter

ranges as well as their seasonal and inter-annual variations.

Data shall be interpreted to allow the specification of robust operational criteria, in the forim of

unambiguous assessments of ice feature dimensions, ice conditions and metocean conditions.

Site-specifid data shall be collected if available historical data are insufficient or if ice featureg and

conditions dannot be inferred from existing local and regional data.

Consideratipn should be given to the clustering of ice features if this can have a material effect on the

operation, sfich as for assessing icé)management requirements.

12.6.3 Duiljing operations

f interest for'data collection and observation shall be consistent with the requirements of
n and forwessels involved in the operation.

The region
the operatig

Ice features [VET'S

within the 1

and ice conditions should be monitored by dedicated and properly trained ice obse
pgion of interest.

The locations, drift rates, significant attributes and dimensions of all identifiable ice features, as well as
ice conditions in the region of interest, shall be recorded at a frequency commensurate with the safety
requirements of the operation. Attributes, such as degree of consolidation for ridges, rubble fields and
stamukhi that are measured or inferred based on resistance to icebreaking, should be recorded.

Data on previously observed features should be verified and updated as new observations are obtained.
All measured data shall be saved for easy retrieval and interpreted data summaries shall be made
available to operations personnel. Data shall also be placed in the context of thresholds associated with
the ice operations criteria.

All operational data relating to ice features and conditions shall be archived and summarized for
presentation following the completion of the operation or annually for ongoing operations.
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12.6.4 Design

Measurement programs and interpretation procedures should provide unbiased estimates of the areal
density (number of features per unit area) for ice features defined in 12.6.1. Typical values of interest
for design include average values and ranges of values.

Measurement programs and interpretation procedures should also focus on obtaining unbiased
probability distributions for the ice feature dimensions, e.g. waterline dimensions, thickness, mass, to
be used for estimation of extreme values and other values used in design. Consideration should be given
to the joint distribution of feature dimensions with other ice conditions, e.g. pack ice pressure, drift
speed, and surrounding ice thicknesses and concentrations and physical environmental parameters,

. 1 oo
€.8. WIITd, Wdaves, CUrrcIces.

Due pccount should be taken for uncertainties resulting from limited record length(see|5.2.4.4) and
other factors related to the relevance and accuracy of the data (see 5.1.3, 5.1.4 and 5.24.1).

The [frequency of ice scenarios, such as encroachment, should be estimated”by meaps of direct
meagurements or inference from contributing ice and metocean conditions. If inference is used to
estinmate frequency, the relationships used should be verified by means of field data.

12.7] Physical properties

The physical properties of ice include:
— ice temperature;

— ice density;

— geaice salinity; and

— ilce rubble porosity.

Physijical properties of ice should be measured within the region of interest. If physical properties have
not heen measured within this regien,~data from regions with similar properties can bg used with
suitable justification. Justification should also be provided when ancillary data are usefl to correct
parameter values measured in other regions.

The number of measurements and the accuracy of measurements should be consistenf with their
contribution to the desigi or‘operational situation.

Prefgrence should befgiven to measurements made in situ. If ice property measurements afre not made
in sity, transportation and storage methods should ensure minimal changes to the state of fhe ice prior
to tefting.

Reqyirements telating to derived physical properties and mechanical properties of ice arg included in
ISO 19906

13 Icebergs
13.1 General

13.1.1 General data requirements

Iceberg data shall be collected and assessed for structural design and to provide safe marine operations
and EER for offshore facilities. Requirements for the consideration of iceberg actions are given in
ISO 19906.

Iceberg data requirements should take into account the type of facility, the range of operations to be
undertaken and the potential presence of vessels and equipment.

© IS0 2017 - All rights reserved 23


https://standardsiso.com/api/?name=7415e25b7f97e21fc88c38c03dc73706

ISO 35106

:2017(E)

Unless stated specifically, the term “iceberg” is taken to encompass a range of glacial and similar ice
features, including icebergs, bergy bits, growlers, ice islands and ice shelf fragments.

More specific information on regional iceberg climatology is included in ISO 19906.

13.1.2 Data collection

Requirements for the collection of iceberg frequency, size, shape and drift data, as well as associated
sea ice and metocean data, are specified in 13.2 to 13.5. Requirements for the collection of physical
iceberg properties are outlined in 13.6.

Sufficient rq
correctness

13.1.3 Dat

13.1.3.1 O)

Analysis and presentation requirements common to the various iceberg and associated parameter

provided in
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13.1.3.2 to 13.1.3.4. Further requirements for specific data types are-provided in 13.2 to
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13.1.3.3 Duyiring operations

Iceberg dat4
features.

Interpretati
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Sufficient d

perations planning

ata for the area of interest should be summarized and presented in a summary r¢
important features of the data and potentially their context in terms of operational cri

[ forecast models should be verified in the regionof interest with measured drift track

Fith the needs of the operations.

ht equipment recommendations should be made to ensure that operational datg
iciently and accurately.

shall be interpreted toehsure accuracy in the re-identification and tracking of indiv

pn should be gonsistent with requirements for forecasting and deployment o

ata should\be collected and recorded to allow the assessment of success for icq

manageme

t operations.

data
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13.6.
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uracy should be documented. The spatial andtemporal resolution of the models shoulld be

are

idual
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rized

Alliceberg andassociated physical environmental data relevant to the operations should be summa
in a daily report. Tren i t ighli i h daily report.

All iceberg data collected during operations shall be archived. Incorrect data shall be corrected or
flagged in the archive. Emphasis should be placed on the clear definition of parameters and on format
for ease of retrieval.

Data should be summarized in a report following time-limited operations and annually for ongoing
operations. The reports shall contain observational strategies and details of the measurements. Clear
distinction should be made between actual observations and inference.

The performance of tactical and seasonal forecast models should be evaluated after completion of the
operation.
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3.4 Design

Iceberg data shall be analysed to provide the following information:

probability distributions of parameters;

measurements and spatial resolution in the data;

relevant correlations and relationships between parameters.

Reference should be made to ISO 19906 for a description of design situations.

estimates of uncertainty due to limitations of the instruments, number of data points, frequency of

Focu|
13.2

13.2

Priof
icebe
(aver
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s should be placed on removing biases in key parameters, including iceberg areal dens
Iceberg location and areal density

1 Operations planning

to the commencement of any offshore operations in iceberg-profie)fegions, a histor
rg frequency shall be conducted. Iceberg frequency shall be represented in terms of a
age number per unit area) for features in excess of a specified size. Iceberg size can be
'ms of maximum waterline length, mass and other measures appropriate for the ope
rtaken. Iceberg frequency can also be represented in téems of the number of feature

particular latitude or into a geographical area over a specified period of time.
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bion of interest shall be defined to include the actual area of operations. An extend

nce updrift will depend upon the rate of j¢eberg drift and the lead times associat]
htions and the procurement or allocation of resources.

storical records of iceberg locations, (géenerally expressed in terms of latitude and lon
sessed for the region of interest. Historical records shall be interpreted to minimize big
[ferent iceberg detection methods! Projected future trends in iceberg frequency for t
est should be considered in @perations planning and particular consideration should
mstances that involve increased iceberg frequency.

-annual variations, as-well as seasonal and monthly variations in areal density, should &
Kess potential ice management and other operational requirements.

e relevant forthe operations, historical records of ice island, growler and bergy bit
Ild be collected for the region of interest. A comparison with the frequency of ac
rgs should d@lso be made.
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be assigned to each iceberg. The iceberg status as freely-floating, grounded, gouging, under tow or
influenced by another ice management technique shall be documented. Details of physical iceberg
management operations shall be documented.

Iceberg positions shall be recorded in terms of latitude and longitude and consideration should be given
to the provision of positions in terms of range and bearing from offshore facilities and service vessels.

The observation method or methods used to identify and track each iceberg target shall be documented.

Focus should be placed on the accuracy of iceberg positions, the frequency of iceberg observations
and the re-identification of individual features. Typically, hourly positions should be recorded for all
icebergs, day and night, within the region of interest.
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The position of growlers and bergy bits observed in the region of interest should be recorded, if relevant
for the operation. Growlers and bergy bits produced as the result of calving events should be tracked
relative to the originating iceberg.

Consideration should be given to the forecasting of monthly and seasonal iceberg conditions for the
region of interest and an extended region of interest.

13.2.3 Design

For offshore structure design purposes, historical records of iceberg positions, in terms of latitude and
longitude, shall be collected for the region of interest (see 13.2.1). Each iceberg position measurement

should be tfigged according to the detection system used for the measurement and the resolutipn of
each measurement system should be documented.

Iceberg areql density, expressed in terms of the number of icebergs per unit area averaged ovefr the
course of the year, shall be estimated at the site of the facility. Seasonal (or monthly) atid-inter-agnual
variations in the iceberg areal density should be determined. Projected futuredtrends in icgberg
frequency ghould be considered and particular consideration should be givendto circumstgnces
involving infreased iceberg frequency.

When counting icebergs, the smallest iceberg size (usually expressed in-terms of waterline length)
should be rdcorded to minimize bias in areal density estimates.

Iceberg datq for preliminary design shall include, but not be limited¢to, areal density over a spegified
size threshdld and an estimate of the proportion below this threshold.

Detailed degign shall include but not be limited to annual and’seasonal breakdowns of iceberg areal
density and|the location and duration of grounding events.

Where appl]cable for the design of offshore structuresygrowler and bergy bit areal densities shgll be
estimated.

13.3 Size, shape and stability

13.3.1 Operations planning

Historical r¢cords of iceberg sizes and shapes from the region of interest shall be collected. Seagonal
and inter-annual variability of iceberg dimensions and shapes shall be assessed.

Where distincticeberg populations are present, such asicebergs and ice islands, the relative proportions
of these diffgrent population's should be estimated.

Available historical records of icebergs that have been observed to calve or roll in the region of interest
should be cqllectedand an assessment of the frequency with which icebergs were observed to calye or
roll should he niade.

Historical nieasurements of iIceberg dimensions, profite imformation and metocean parameters should

be assessed

in terms of their influence on the frequency of observed rolling and calving events.

13.3.2 During operations

During operations, the dimensions and shapes of all icebergs observed in the region of interest shall
be recorded. An assessment of the relative proportions of iceberg shapes and sizes shall be made
throughout the operation.

The draft of all icebergs shall be measured or estimated based on above-water dimensions. Iceberg
mass can be estimated based on above-water dimensions and profiles.

Underwater profile information should be collected when it is relevant for the operation.

26 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=7415e25b7f97e21fc88c38c03dc73706

ISO 35106:2017(E)

Observed changes to iceberg dimensions as a result of melting, calving or rolling should be documented.
Any observed iceberg calving and rolling events should be documented.

The frequency with which icebergs of different shapes and sizes are observed to roll or overturn should
be documented.

Iceberg profile information should be collected as an indicator of instability. Long-period roll motions,
symptomatic of unstable icebergs, should be noted and recorded.
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3 Design
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be collected.

rg data for preliminary design shall include, but not be limited to, probability disty
rline length and relationships between iceberg mass and waterline length.

for detailed design shall include, but not be limited to, further datan’index dime
idth, height, and draft, and relevant local and global shape data, preferably linked
nsions.

nction shall be made between tabular and non-tabular icebergs and any other signi
forizations.

relative proportions of icebergs with differing significant'shapes and geographical ori
eir inter-annual variability, should be estimated.

shall be collected to define the size distribution@ficebergs from all relevant shape catg

rg profiling should be conducted or interpfeted to define global shape (for stability
ct frequency and mass estimation) and local shape (for impact load estimation). Su
Ild be analysed to ensure robust relationships between index iceberg dimensiong
meters used in the design.

| iceberg shape data for icebergs-in the area of interest shall be interpreted to minimi
re data for the region of intérest are lacking, data from other areas where iceberg s
be of iceberg deterioration are similar can potentially be used.

bergs are present from different sources with distinct sizes and shape attributes, the
hcterization shall be-defined for each separate population.

relevant icebérg profiling should be conducted to relate iceberg dimensions f
pdynamic instabilities on impact with facilities.

tureswith potential for damage from these features.

the facility
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ability<distributions of growler and bergy bit dimensions shall be developed for the design of

13.4 Tceberg drift

13.4.

1 Operations planning

All available historical records of iceberg trajectories within the region of interest shall be collected for
analysis and documented.

An assessment shall be made regarding the variability in drift directions and any predominant
directions, considering the uncertainties of the records and their representation of local and regional
conditions.

An assessment shall be made regarding the variability in iceberg drift speed, size effects, regional and
water depth considerations, the mean and median speeds and extreme values of drift speeds.
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A comparison between observed and modelled (hindcast or simulated forecast) iceberg trajectories
should be performed to evaluate forecast accuracy for use in operations.

13.4.2 During operations

During operations, the drift speeds and directions of all icebergs observed within the region of interest
shall be recorded at a frequency commensurate with the operational safety and decision-making
requirements of the operation.

Drift velocity time series shall be plotted and analysed to identify anomalies and errors in positional
information.

Drift velocitly records shall be tagged to identify whether the iceberg was freely-floating, under tqw or

grounded.

rest.

Iceberg drif
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terms of 50

should be forecast using models verified with observed drift tracks in the region of intg
in drift forecasts should be based on past model performance and can be express
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ailable positional information and consideration should be given to(correction of fore
asured drift data. Additional iceberg drift forecasting requirementSiare given in ISO 3

Where applicable, an assessment of the drift of growlers and bergy bits relative to that of larger icebergs
nearby shoyld be made.

13.4.3 Deslign

All availablg 111 be
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historical records of iceberg drift speeds and directions in the region of interest shg
cus should be on instantaneous speeds when considering ice impact scenarios.
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enarios involve bergy bits and growlers, probability distributions of drift speeds for these
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elocities against ships and structures.
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loped when relevant to the design situation.

The joint pr
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13.5 Metofean and sea ice context

13.5.1 Opgrations planning

eq

t for
data

Measured olr_hindcast wind, wave and current data shall be collected fo g
periods in which iceberg drift and areal density data are available (see 13.2 and 13.4). Sea ice cover
shall also be collected for the same periods.

/\

An assessment of the respective influences of winds, waves, currents and sea ice on historical iceberg
areal density and drift velocities shall be undertaken.

13.5.2 During operations

An assessment of the respective influences of winds, waves, currents and sea ice on observed iceberg
drift velocities shall be undertaken during offshore operations. The effects of iceberg size and shape
should be considered in the assessment.
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Particular consideration shall be given to the detection of icebergs, bergy bits and growlers in waves
and sea ice. Iceberg observations shall be tagged with information relating to sea state and sea ice
concentrations, types and thickness in their vicinity.

Scenarios involving icebergs, sea ice presence and higher sea states should be forecasted.

13.5.3 Design

Measured or hindcast wind, wave and current data shall be collected for the region of interest for
periods in which iceberg drift and areal density data are available (see 13.2 and 13.4). When only
hindcast data are available, these should be verified with actual measurements. Sea ice cover data shall
also pe collected for the same periods.

Relationships between wave conditions and orbital velocities of bergy bits and-growlers shall be
developed.

Available historical records of icebergs observed in the presence of sea ice in-the region of interest
shall| be collected and assessed, including information relating to the extent,-concentratign, type and
thickness of the sea ice.

Charlges in sea state as a result of sea ice presence should be asséssed and correlated yith iceberg
presence.

13.4 Physical properties

Where relevant to the operation or design, the ranges,in‘density of the ice and surface tgmperatures
should be established. These can be based on local data'or inferred from data collected in other regions.

Data|requirements on the mechanical propertiesgfice are given in ISO 19906.

14 $now and ice accretion
14..1 General

14.1{1 Consideration of accretion

The effects of snow and-ice/accretion shall be assessed for operations and structures in regions where
thes¢ forms of accretion-0ccur. For time limited operations, it is sufficient to consider only the part of
the year when operations are carried out.

Effedts and associated risks that can influence the integrity, performance, operation, HSE and EER
characteristics-of a facility shall be assessed when determining the data needs. Requiremepts for snow
and ice actretion data should account for the particular characteristics of each structure and operation.

14 1 o A e 3. 11 g
.4 ALLITUUIL Udid LULICTLIUIT

Snow and ice accretion data shall be collected on all permanent structures in arctic and cold regions
and should be collected on all vessels and rigs.

The snow and ice accretion data should include:
— ageneral description of the facility or operation;
— ageneral description of the accretion event;

— details of the accretion measurements, including the thickness of the accretion on affected surfaces;
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complementary data on the physical environmental conditions causing the accretion, the orientation
and operation of the vessel or facility, the properties and locations of the impacted surfaces, e.g. the
type of surface material, and presence and type of coating and the mitigation measures in place; and

photographic documentation.

The frequency of measurements should be sufficient to estimate start and end times for the event, to
trigger operational responses and to estimate average and maximum accumulation rates.

When data collection is not possible or in other situations of missing data, calibrated hindcast models
can be applied to estimate missing values. The stability of the calibration method shall be documented

prior to use

of the hindcast model for a cpprifir‘ area

Reference o

elevation and other pertinent characteristics of the structure, operation and physical environiment.

The snow a
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pathervaning or predominant cold weather directions./ The locations should cover §
hccretion is expected and less exposed areas where accretion is critical for safe operat]
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A

classified as dry snow or wet snow. Other forms of precipitation are dealt with in 14.

arameters for the occurrence of snowfall and the development of snow drifts include:
ation;

profile of air temperature;

eed and direction;
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data from nearby coastal stations should be used. If site-specific metocean recordings are not available
or cannot be applied directly, data from hindcast models should be applied. If hindcast data are used,
proper calibration based on data from sites in the region or from sites elsewhere with similar conditions
shall be documented.

Unless documented otherwise, it should be assumed that all precipitation at air temperatures equal to
or below +1 °C falls as sleet or snow.

Snow drift and its effects are part of the action assessment for a particular structure or operation and
will depend on the wind speed and direction and geometry of the structure.
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14.2.2.2 During operations

Information about the amount of snow and the snow type during accumulation events should be
collected from structures and vessels operating in winter. Operators are encouraged to make
agreements with national forecasting agencies ensuring that data are stored in a systematic manner

and made available to the public.

The following parameters should be recorded at least every 6 h during snow events:

a) the snow thickness and the snow type for accumulations on surfaces that are near to horizontal
and where the local wind perturbations do not influence snow accumulations;

b) thickness, mass per area and horizontal extent of snow accumulation at locations wherg the largest
gnow accumulations are observed on the facilities;

c) 43ssociated conditions (active or passive mitigation measures; heat from the fagility);

d) itigation means used to remove the snow, if relevant (method, time and{frequency of use); and

e) Ilhotographic documentation.

Masq per unit area or alternatively snow thickness should be recorded on two or more surfaces located

doc
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Duri
strugq
deta
arec

All o

in dliEIflerent areas of the structure. In addition, all critical events-due to snow accretio

The impeding snow accumulation and the accuniulation scenario should be detailed.

ented.

\ll snow events that affect the operation of the facilitiés; in particular with regard to K
apabilities, should be documented with equal or better accuracy than that for normal §

hg data collection, the temperature, the wind speed and the wind direction, the preci
ture or vessel position, speed and heading should be recorded. Furthermore, drawi
Is of the geometry of the facilities withthe associated information about the wind w
ollected should be available.

bservations should be documented and summarized in an event log. At the end of e}
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a summary report should be prepared with a presentation of key events and key featufres of snow
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tion during the season. The'report should include the log of all events as an attachmer

3 Analysis and presentation

' precipitationShould be specified in terms of water equivalent at each location for ar
ered (where‘the wind effect is minimal) surface on a generic facility.

hccount'should be made for the effect of wind on snow depth measurements.

hates of short-term (limited to one event with sufficient time and mild conditions in-|

t.

bference flat

between the

even

Lsl-and accumulated over a whole season (if applicable) snow amount should be ma

de. Average,

extreme and abnormal estimates should be developed.

The data presentation should include frequency, intensity and persistence of the events. Snow
precipitation versus wind distribution (speed and direction) should be provided.
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spheric ice accretion

14.3.1 Classification

Atmospheric ice accretion (atmospheric icing) is traditionally classified according the different
formation processes.

a) Precipitation icing:
1) freezingrain or drizzle;
2)  accpmHatenandrefreesingotsteetor
3) acciimulation and refreezing of wet snow.

b) In-cloud icing: formed at higher altitudes (including glaze, hard and soft rime).

c¢) Hoarfrgst: formed when water vapour transforms directly to ice at low temperadtures (occurs|near
open sep, near cold land and in ice-covered waters).

14.3.2 Data collection

14.3.2.1 Prior to operations (in design and planning phase)

Site-specifid atmospheric icing data should be used if available, If\site-specific data are not available,

relevant meteorological data from nearby coastal stations should-be used with appropriate correcfions

for known feviations. If measurements are not available or~cannot be applied directly, data [from
relevant hindcast models should be applied. If hindcast data are used, proper calibration based on|data
from sites in the region or from sites elsewhere with simgilar conditions shall be documented.

There are np requirements for data collection onsd@tmospheric icing prior to time-limited operations,

such as seispnic surveys and exploration drilling:

14.3.2.2 Duyiring operations

Information| on atmospheric icing shauld be collected from facilities. The following parameters should

be recorded|on a regular basis duriiigiatmospheric icing events:

a) the thigkness of the ice .aecretion on several surfaces where the atmospheric ice accretipn is
particularly large andC(description of the icing cross-section geometry (for icing on slgnder
elements);

b) a description of the type of ice accretion or alternatively the weight of ice per unit length (anf the
dimensjons ofthe’structure) or the weight of ice per unit surface area;

c) charactgristics of the local structural elements at the observation locations, i.e. diameter of slgnder
elementa, Strface iu\,}iuatiuu,

d) associated conditions (anti-icing, de-icing, heat from the facility);

e) mitigation means used to remove the ice, if relevant (method, frequency of use);

f) photographic documentation.

In addition, all critical events due to atmospheric icing accretion should be documented with better
accuracy than normal atmospheric icing events.

All observations should be documented and summarized in an event log. At the end of every season, a
summary report should be prepared with a presentation of key events and key features of atmospheric
ice accretion during the season. The report should include the log of all events as an attachment.
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If possible, the source of the icing (see 14.3.1) should be reported separately, as thickness with
corresponding densities.

14.3.3 Analysis and presentation

The data representing atmospheric icing events shall be analysed to find the best estimate of the range
of the amount of atmospheric ice accumulations.

Atmospheric ice accretion shall be specified in terms of thickness and corresponding density for
reference objects and different heights above sea level, as specified in ISO 12494.

Estinrates—ofshortternrice—amounts (Cllibk,l ete—and iudcpcudcut chuta) atrdamounts—ccumulated
overan entire season (if applicable) shall be made. Average, extreme and abnormal estimates shall be
developed.

The ¢lata presentation shall include frequency, intensity and persistence of the evénts. Whére relevant,
the effect of wind speed and direction should be documented.

14.4 Sea spray ice accretion

14.4{1 Classification
Sea dpray ice accretion can result from
— hite cap spray, resulting from wind-wave interaction,and

— interaction spray, resulting from wave interactioi with the vessel or facility.
14.4{2 Data for collection

14.4|2.1 Prior to operations (in design.and planning phase)

If data collected from similar structuktes in similar conditions are available, these data shall|be used as a
basidg for accretion estimates. If site-specific metocean recordings are not available or canng¢t be applied
direqtly, data from hindcast models shall be applied. If hindcast data are used, proper calibration
against measurements shalle-documented.

An assessment shall bezinade on the probability of and potential amount of accretion ¢f sea spray
icing| prior to all operations in arctic and cold regions. The assessment shall be based on pll available
histdrical information at the area of the activity.

14.4{2.2 During operations

All collected data, measurements and observations on accreted sea spray icing during events when data
have|bleen collected shall be stored in a database for possible later re-analysis to identify rel¢vant design
valuesTor ice accretion during arctic operations. The database organization shall be documented.

Information about the amount of sea spray ice accretion and the density of the ice in extreme sea spray
ice accretion events shall be collected from a facility for future planning of arctic and cold climate
design and operations. The following parameters shall be recorded for sea spray icing events:

a) the total thickness of the ice accretion on several surfaces where the sea spray ice accretion is
particularly large; the surfaces shall be representative of different areas of the structure and cover
at least two different elevations;

b) aphysical description of the sea spray ice accretion or alternatively the weight of ice per unit length
or the weight of ice per unit surface area;

c) frequency and height of wave-splash;

© IS0 2017 - All rights reserved 33


https://standardsiso.com/api/?name=7415e25b7f97e21fc88c38c03dc73706

ISO 35106

d)
e)
f)
g)

:2017(E)

associated conditions (anti-icing, de-icing, heat from the facility);
mitigation means used to remove the ice, if relevant (method, frequency of use);
photographic documentation;

lowest and highest elevation of observed sea spray icing.

Particular attention should be given to the documentation of events where the sea spray icing accretion

is significan

t.

During data collection, the air and sea water temperature, the wind speed and direction, precipitation,
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15 Seabe

d considerations

15.1 Context

15.1.1 General

The seabed considerations are limited to ice gouge, strudel scour and permafrost issues.

The requirements of this clause are incremental to the data collection and analysis requirements of

ISO 19906, 1

34

SO 19901-4 and ISO 19901-8.
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15.1.2 Design issues

Ice gouge, strudel scour and permafrost data can be required for the design of offshore facilities, such
as subsea structures, pipelines, platforms, island approaches, anchoring systems and excavations.

The geographical coverage of the survey should be sufficient to cover the anticipated area of the facility.
Areas in close proximity can be used, provided ice conditions, ice drift, water depth and other relevant
processes are representative.

If a survey program is conducted, it shall be designed such that relevant data are obtained for the
application of concern.

15.1}3 Operational issues

Operjational considerations can include, but are not limited to, maintenance of structureg, anchoring,
dredging, post-incident assessment and potential damage to seabed and subseafacilities| from deep-
draft ice features.

Aspdcts of concern for offshore operations can include:
— ce gouge;

— infill;

— geabed mobility;

— g4eabed properties;

— $trudel scours;

— Iermafrost.

Althgugh the purpose of surveys dealt with-in this clause is to assist with offshore operdtions, many
such(surveys can be conducted well in.advance of the operation.

The geographical coverage of the survey (the region of interest; see 5.2.1) should be sufficlent to cover
the anticipated area over which €he operation will take place.

15.2 Ice gouge
15.2{1 RequirementSfor collection

15.2}]1.1 Measurement program design

Ice gpuge issues are best addressed by surveying the seabed directly. Some information can|be obtained
by suyryeying ice features that could potentially contact the seabed.

The formation rate, location and characteristics of ice gouging can be subject to annual variability.
As a consequence, ice gouge data shall be collected over a long enough period by means of repetitive
mapping and over a sufficient area to allow reliable evaluations of the gouging regime.

The timing of an ice gouge survey should take account of infill rates and degradation rates due to waves
and currents.

The ice gouge program should be designed to consider the parameters of concern, which can include:
a) geographical location of the ice gouge mark on the seabed;
b) date or year of the event producing the ice gouge mark;

c) ice gouge feature type, i.e. pit or furrow;
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d) plan dimensions, orientation, and elevation change (rise-up) of the feature;

e) depth of the incision below the mudline;

f)

seabed disturbance beneath the incision in soil types where this can be ascertained.

A measurement program should provide necessary context and include collection of parameters
affecting the accuracy of the results. Ancillary data can include:

— bathym

etric data;

— spatial and depth distributions of soil type;

— geotechlnical parameters.

Seabed sur

veys conducted in the presence of sea ice or other ice features shall satisfy th

management requirements of ISO 35104.
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[S.
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Lige, variations in incision depth and-the level of the adjacent undisturbed seabed.
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ain information on-thé annual variability. A minimum of three years of data collecti
ed, but this canbe adjusted depending on the nature of the ice conditions and any
fice gouge variability.
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U requirements.
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e.g. icebergs, a single survey can be sufficient if alternative methods for estimating gouging rates are
available. In such cases, consideration should be given to discrimination of relict and recent ice gouges.

In regions where the seabed is mobile, surveys should be conducted as soon as practical after the ice
cover is no longer present to minimize infill effects. In very dynamic areas, repeat surveys of specific
features are required to quantify infill rates. These could be from a separate survey, e.g. in spring and
autumn, or at the end of the spring survey, depending on the infill conditions.

The geophysical survey(s) should be of sufficient spatial coverage to generate a large enough sample
size. This can involve extending the survey beyond the region of interest surrounding the proposed
facility or operation.
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15.2.2 Requirements for analysis and interpretation

Where repetitive mapping data are not available, dating of features using indirect techniques shall be
undertaken and the associated levels of uncertainty shall be documented. In addition, simulation or
other modelling techniques can be used to estimate ice gouge formation rates if their accuracy has been
verified. Ice gouge formation rates should be assessed through different and independent means.

While ice gouge features are very well preserved in some regions, degradation as a result of waves and
currents and infill as a result of sedimentation, can occur very rapidly in other regions, soil types and
water depth ranges. Degradation and infill should be assessed when dating ice gouge features.

The form of the prnhahi]ify distribution used to characterize ice gouge r]npfh should take into

consjderation previous experience in terms of ice features, i.e. of glacial or sea ice “orjgin, seabed
material, seabed slope, local ice regime and predominant drift directions.

Conslideration should be given to separate interpretation procedures for pit and furrow feafures.

If icd gouge parameters cannot be estimated directly from surveys, inference can be made through
matHematical or physical models, for which guidance is provided in ISO 19906.

15.2|3 Requirements for documentation

Ice gpuge survey data shall be summarized according to:

a) the location and physical attributes of each ice gouge feature;
b) 4n estimate of when the ice gouge mark was created;

c) the sensor(s) used for the interpretation;

d) the resolution and accuracy of the measurenients;

e) thelocal characteristics of the seabedmaterial.

Probpbility distributions shall be( defined for key ice gouge parameters (depth and width).
Intenrelationships, i.e. joint probability distributions, between the different ice gouge |parameters
should be developed where appropriate.

Where different soil types.are present in the survey area, statistical ice gouge data for egch soil type
should be documented.

Presentation of ice,gouge data should address considerations of water depth, seabed slopg and seabed
orienftation with £éspect to the dominant ice drift direction.

Full-resolutidn survey data, whether multibeam sonar or shallow geophysical, shall be stored in an
accegsibleform for visualization.

Geographical registration of the survey data shall be provided in standard coordinates, e.g.
latitude/Tongitude or universal transverse mercator projection.

15.3 Strudel scours

15.3.1 Context

Strudel scouring potential should be established through the identification of sources for fresh
water inflow.

Sea ice conditions should be documented in the vicinity of the fresh water sources.

Evidence of fresh water flow over the sea ice and for drainage through the sea ice should be documented
by direct observation or remote interpretation.
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Potential changes to the sea ice environment, as a result of heat loss from submarine pipelines, should
be established.

Correlations between freshwater flow rates, winter severity, frequency of strudel scour formation
and size of strudel scour features should be established. Year to year variability should be taken into

account.

15.3.2 Measurements

Strudel scour parameters of concern can include:
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The probability distributions used to characterize strudel scour dimensions should take into
consideration previous experience in other regions and the properties of the seabed material.

15.4 Submarine permafrost

15.4.1 General

Permafrost parameters of concern can include:

— areal distribution of permafrost and associated distributions of soils;
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depth of active layer and thickness of permafrost;
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— thermal properties of the permafrost, including present temperature and salinity profiles and their
state relative to thermal equilibrium and potential for salt migration;

— mechanical properties of the soil and permafrost, including ice content.

Potential changes in permafrost parameters and their distribution over time should be considered,

inclu

ding those resulting from operations.

The presence of permafrost should be documented through the entire soil column to its maximum depth.

Soil types associated with permafrost zones should be identified.
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3 Operational issues
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4 Site investigations
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16 Coastal considerations

16.1 Context

Additional provisions relevant to physical environmental data for operations in arctic coastal regions
are given in this clause. Requirements and guidance provided in Clauses 5 to 15 and Clause 17 can
also apply to coastal regions, including requirements for data collection, interpretation, analysis,

docu
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16.2 General coastal considerations

Data collection should be planned to allow quantification of the potential effects of operations on the
physical environment.

16.3 Speci

fic coastal considerations

16.3.1 Water levels

Data should be collected to document possible correlation between extreme water level fluctuations

and other p
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Data should

The effecto

16.3.4 Cur
The effect o

16.3.5 Temperature

The influen

The effect (
addressed.

The effect d

documented.

rameters such as wind (and co-wind wave state)l currentor seaice state
A\Y 77

F water level changes on displacements of landfast ice shall be documented.

d

distributions of wind relative to the predominant direction of the shoeteline shou

es
be collected to document potential effects of sea ice presefice on wave fetch distances

F operations and structures on the local wave climate shall be addressed.

Fents

F operations and structures on the local current climate shall be addressed.

e of wind direction on air temperatures should be addressed and documented.

f local currents and freshwater inflow on water temperatures and salinities shou

f operations and straetures on local air and water temperatures shall be addressed

16.3.6 Vis

Consideratiljil should be given to visibility in coastal regions due to wave generated sea spray and f

the shore-cd

ility

astal f¥ansition area.

16.3.7 Sea

ice

Data should
a)
b)
‘)
d)
e)
f)

shore ic

ice pile-
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be collected on coastal sea ice features, including:

landfast ice (thickness, displacement, persistence);
stamukhi (location, size, frequency);

ice in tidal zone (thickness, growth, lateral dimensions of features);

e or ice foot (onshore extent, thickness, persistence);

up and encroachment on shore;

tidal cracks and their locations;

d be

d be

and

og in
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g) coastal polynyas.

The effect of operations on the presence, drift and morphology of sea ice shall be documented. Specific
consideration should be given to

— the extent, movement, and duration of landfast ice,

— the amount and duration of moving sea ice,

— the amount and thickness of brash ice, and

— the location and morphological attributes of ice rubble fields.

16.3
Bath

8 Icebergs

ymetric considerations at the glacier front and in the drift path of icebergs canbé used

morphological properties of icebergs reaching the open ocean and the area of interest.

16.3

Onsh
imp¢

The
cons

Local

9 Snow and ice accretion

ore snow depth data shall be collected as they pertain to snow loads and where drifti
de operations in coastal regions.

nfluence of local water temperatures, air temperatures) wind speed and wave clim
dered in the planning of operations and designs influenced by sea spray icing.

[ly-measured parameters of relevance for atmospheric icing, such as humidity, air

and precipitation, should be assessed and applied in‘ceastal regions.

16.3
The 1
Data

Chan
ackn
shall

Char
strud
whel

17

10Seabed considerations
equirements of this subclause are incremental to the requirements of ISO 19901-4 and
requirements relating to permafrost are dealt with in 15.4 and 17.2.

ges to local bathymetry as\a result of littoral transport and deposition from riv
pwledged for design and planning and monitored subsequently. The effect of man-mad
be considered.

ting of previouslyaichartered waters shall be conducted in the vicinity of operations
tures to allow-for safe icebreaking operations and for the identification of potent
e ice features)can ground.

Dnshore considerations

| to limit the

hg snow can

ate shall be

emperature

S0 19901-8.

brs shall be
e structures

hnd planned
al locations

17.1 Cantext

Relevant requirements given for offshore (Clauses 6 to 15) and coastal (Clause 16) zones shall also apply
to onshore areas, including requirements for data collection, interpretation, analysis, documentation
and storage.

Physical environmental data associated with

— permafrost thawing,

— coastal and riverine land erosion,

— snow accumulations and flooding as a consequence of poor water drainage, and

— meteorological impacts on transportation,
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shall be collected, analysed, and presented to support design and operations in onshore regions.
17.2 Onshore permafrost considerations

17.2.1 General

Local onshore permafrost conditions and related thermal properties should be documented
monitoring programs should be established well in advance of design and operations.

and

Permafrost temperatures and characteristics should be measured or inferred as indicators for potential

future soil instability.

17.2.2 Deslign issues

Permafrost flata shall be collected and documented for the design of onshore facilities, such’as pipe
treatment gnd processing facilities, roads and airstrips and housing and warehouse facilities
survey program is conducted, it shall be designed such that sufficient data are colleeted to charact
the permafiost for the application of concern. The scope should include permafrost occurrencs
characterizgtion, ground thermal regime, surficial geology, presence of ground ice and groundy
and pore-water salinity (see 17.2.5.2).

The geographical coverage of surveys shall be sufficient to cover the region of interest (see 5.2.1).
from areas in close proximity may be used where terrain, climatic pf@césses and geothermal proc
are represeptative. In the case of linear structures, such as roads and pipelines, a survey cor
several kilometres wide can be considered to provide sufficient breadth to optimize routing.

Soil and sediment conditions, permafrost and ground ice presence shall be documented as part g
characterizgtion and logging of the subsurface for the entire soil column to its maximum depth.

In regions where permafrost is present, ongoing permafrost surveys, including monitoring and
programs, should be established and archived faor; future reference.

modelling of permafrost changes, locallknowledge, analysis of core samples, geotechnical prope
characterizgtion of subsurface stratigraphy, remote sensing analyses, climate change projectionj
regional stapdards and guidelingsfor permafrost foundations.

Where ice-
programs, afs

rich permafrost, -eannot be avoided, it shall be documented with ongoing monit
outlined in(l22.3.

17.2.3 OpegrationakiSsues

ines,

If a
erize
and
vater

Data
bsses
ridor

f the

data

ctive
.The
rmal
rties;

and

bring

Operational| eonsiderations can include, but are not limited to, maintenance of structures ang
mitigation ofpermafrostprecesses-thatimpactthe-constructedfacilities:

Aspects of concern for onshore operations can include
— terrain stability, including but not limited to, thermokarst development and slope instability,
— thaw settlement and/or frost heave of pipelines, and

— creep deformation of permafrost foundations.

1 the

Where thaw sensitive conditions are noted and documented, ongoing monitoring surveys should be
established to track the temperatures of the ground and air, to measure changes in the permafrost

properties and to monitor the engineering performance of foundations and facilities.
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Although the purpose of surveys dealt with in this subclause is to assist with onshore operations, many
such surveys can and should be conducted well in advance of the operation.

17.2.4 Terrain data requirements

17.2.4.1 Context

The spatial context for permafrost stability and thawing rates should be established according to
permafrost and soil types, surficial geology, periglacial landforms, organic soil layers, air and soil

temperatures, snow cover, surface and subsurface hydrology, vegetation cover, as well as the heritage
Ofpecf climate conditions

17.2(4.2 Mapping

Terrain mapping should be conducted to provide information on the following:
resence or absence of permafrost terrain;

identification of terrain units and surface geology;

identification of terrain susceptible to thaw instability or frost hieave;

identification of permafrost geohazards, including mass _wasting processes and thermokarst
evelopment.

17.2}4.3 Data sources

Terrgin mapping shall be produced to a resolution.and scale sufficient to identify relevant Igndforms for
development and project phases.

Validation of remotely-sensed data shall be’provided through secondary means.
17.2}5 Permafrost characterization

17.2(5.1 Context

Adeduate characterizatiomof the permafrost regime within the study area shall be undertaken to
provide both a baseliné-ef the permafrost regime and to provide input for the predictign of project
effects on the permafrgst regime. The determination of “adequate” should be considered in light of the
projdct scale and ether land use during the development phase of the project.

Pernmafrost characterization should consider the overall project needs and requirements.

17.2{5.2¢ Data requirements

The following permatrost attributes shall be characterized:

— subsurface stratigraphy, lithology and engineering properties;
— ground temperatures;

— ground ice content.

Data collection should be facilitated by geotechnical investigations, including the drilling of boreholes,
geophysical surveys, soil and rock sampling, in-situ testing, laboratory testing, installation of
instrumentation and related activities.
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17.2.5.3 Subsurface stratigraphy

The subsurface characterization should be performed using tools and techniques that take into
consideration project scale, development phase, access, and seasonality of the investigation.

To provide sufficient characterization, the following techniques should be considered:
— borehole drilling;
recovery of undisturbed frozen core samples;

in-situ testing in warm permafrost;

installation of instrumentation, such as thermistor beads.

Soil, rock 4
standard. A

nd permafrost descriptions shall be described and characterized using _.a tecogmnized
y deviations from the standards being used shall be documented.

17.2.5.4 Ground temperatures

Ground and
annual groy
should be su

Ground ten
devices that]

Ground tem
ground tem

17.3 Land

17.3.1 Genleral

Data on way
their influery

and thaw slymps.

17.3.2 Sho

Erosion changes and rates_shall be monitored, recorded and documented in the vicinity of ong

facilities loc
Historically

Where poss

reline and riverine-erosion

or air temperatures shall be monitored over an adequate period‘oftime to ensure tha
nd temperature regime can be developed. The depth of ground temperature monit
itable for the project type and scope.

peratures shall be monitored using calibrated multi-béad thermistor cables or sil
can determine ground temperatures over the entire depth of interest.

peratures shall be plotted with depth as a “trumpet’curve” to illustrate the annual ran
berature variations and for defining the thickness of the active layer.

erosion risks

e action, snowmelt, rainfall events, and thawing permafrost shall be collected to docu
1ce on rates of erosion of shierelines and riverbanks, as well as the occurrence of landq

ated in regions with vulnerable coastal and riverine erosion.
observedtrends in shoreline and riverine erosion shall be analysed and documented.

blé,‘estimates of future trends in erosion rates should be made.

t the
bring

milar

ge of

ment
lides

hore

17.3.3 Flooding and drainage risks

Climate, weather and hydrological data associated with surface drainage risks should be collected and
summarized, as needed. These data can include air temperature, precipitation amounts and types by
season, extreme precipitation events and their local impacts. Local knowledge can be used to fill in data
gaps, as needed.

Where available, hydrological data should be collected and used for site drainage system planning and
operations.

Topographic data (see 17.2.4.2) shall be assembled and used for drainage planning.

In the absence of locally measured data, information from climatologically representative nearby
stations having sufficiently complete weather/climate data can provide an initial estimate for design.
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When incomplete or uncertain data are used, assumptions regarding their use should be stated and
limits concerning their accuracy and applicability should be factored into the planning methodology.

17.4 Transportation access

17.4.1 General

Data shall be collected, analysed and documented to support inland transportation design and
operational initiatives. Key parameters should include those dealing with visibility, bearing capacity,
permafrost, erosion, snow and water drainage issues.

17.4{2 Ice road data needs

Lake|ice monitoring of freeze-up and break-up dates, ice thickness and ice quality.shall belundertaken
to support construction, operations, safety and load limits of winter roads and their support facilities.

Ice thickness, flooding and presence of large cracks should be monitored dailysthroughout the operating
seas¢n of ice roads.

17.5 Inland snow data

17.5|1 General

Snow accumulations shall be documented for snow ‘eads associated with buildingd and other
engineered structures, operational requirements for sftow clearing, transportation operations, spring
snowmelt and drainage risks and permafrost thawing:

Snow properties can be characterized in terms‘ef-$nowpack depths, snowpack water equivialents, daily
and geasonally accumulated snowfalls and proportion of area covered by snow.

Reference should be made to Clause A4 and more specifically to 14.2 for requirements on the
meagurement, interpretation and storage of snow data.

17.5{2 Snow measurements

The frequency, accuracy, spatial resolution and extent of the remote sensing and automated sensor
technologies for snow-'measurements should be commensurate with operational jand design
requjrements.
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Annex A
(informative)

Additional information and guidance

The clauses and subclauses in this annex provide additional information and guidance on the clauses

in the normative part of this document. The same numbering system and heading titles have been used for ease

in identifying
left blank in
of values for

A.1 Scop

No addition

A.2 Norn

No addition

A.3 Tern
The followiy

anti-iciy

cold cliy

hazard

weathel
winteri
— working
The followif

emerge

de-icing;

the subclause In the normative part of this document to which it relates. Entries to tables hayg
ircumstances where no specific guidance is provided, the attribute does not apply or a wide
he attribute can apply.

e

h] guidance is offered.

native references

h] guidance is offered.

1s and definitions

g;
hate conditions;

[see also ISO 35103, ISO 35104, ISO 19900 and this document);
[ protection;

vation;

b environment.

ncy;

safety.

environmental imp:\ ct;

1g terms used in this document are intended tethave the definitions given in ISO 35101}

1g termsdised in this document are intended to have the definitions given in ISO 35103}

been
fange

hazard (see also ISO 35101, ISO 35104, ISO 19900 and this document);
risk (see also I1SO 35101);

The following terms used in this document are intended to have the definitions given in ISO 35104:

design;

ice dete

46

hazard (see also ISO 35101, ISO 35103, ISO 19900 and this document);

ction;
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ice management (see also ISO 19906);
ice regime;
polar low (see also ISO 19901-1);

recording.

The following terms used in this document are intended to have the definitions given in ISO 19900:

The following terms used in this document are intended to have the definitions given in ISC

abnormal environmental event;

rction;

haracteristic value;

esign criteria;

esign service life;

esign situation;

esign value;

¢xtreme environmental event;
fixed structure;

floating structure;

azard (also defined in this document);
imit state;

perator;

latform;

feliability;

feturn period (also IS0 19901-1);
gcour (see also ISO\19901-1);
jtructure;

tlopsides:

......... a;

long-term distribution;
short-term distribution;
marginal distribution;
mean sea level;
operating conditions;
polar low;

return period;
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seabed (see also ISO 19901-4);
sea state;

significant wave height;
storm surge;

water depth.

The following term used in this document is intended to have the definition given in ISO 19901-4:

The followiy

The followi

48

1 Lo 10004 1
seabed [SCCarso 15U 177UT1J.

weather window

broken jce;
consolidation;
consolidated layer;
first-year ice;

floe;
freeze-thaw;
ice alert;
iceberg
ice congentration;
ice deteftion;

ice encrjpachment;
ice gouge;

ice island;

ice manpgement{See also ISO 35104);

ice ridge;

ice scenlaxis;

1g term used in this document is intended to have the definition given in ISO 19901-6:

1g terms used in this document are intended to have the definitions givefyin ISO 1990€:

infill;

landfast ice;
level ice;
multi-year ice;
old ice;

pack ice;

permafrost;
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— ridge keel;

— ridge sail;

— rubble field;

— rubble pile;

— sea floor/mudline;

— second-year ice;

No a

A5
A.5.

A.5.]

Itisi
year

A.5.1

No a

A.5.]

No a

A.5.]

1 1L
JIICIT ICC,
stamukha;

$trudel scour.

fional ice terminology not defined in this document or in the above-referenced stand
l in the WMO sea ice nomenclaturel13] or in MANICE[16]. Additionalméteorological
e found in the WMO guide to meteorological instruments and methads of observation

Symbols and abbreviated terms

ditional guidance is offered.

General requirements

|l General

.1 Physical environmental data requirements

ecommended to store all data recorded during the course of operations for a period ¢
b following the end of the operdtion.

.2 Relationship withISO 19901-1 and ISO 19906

ditional guidance ds-offered.

.3 Data sources

ditionalguidance is offered.

4/Selection of appropriate parameters

ards can be

terminology
[17].

f at least 30

Appropriate data characterizing the physical environment should be collected and analysed as part
of the operations planning process and should be updated as more data become available during the
operation.

Appropriate physical environmental data should be collected and analysed prior to concept selection
and detailed data should be used for the development of final designs.

Measurement programs conducted prior to operations and design should build on previous data for the
region, draw on local expertise and provide a consistent basis for measurement programs associated

with

© ISO
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A.5.1.5 Physical environmental data monitoring

Appropriate physical environmental parameters should be monitored and recorded during all project
stages to ensure safe operational procedures and their continued improvement.

Measurement techniques should be selected to ensure that the intended parameter values are obtained.
Measurements should be calibrated properly and calibrations should be verified periodically over the
measurement period. Measurements should be verified using independent means prior to their use and
for selected time periods or on a continuous basis thereafter depending on criticality.

A.5.1.6 Data storage

Considerati%n should be given to the storage of collected data, measurements and observationg in a
database fofr ease of retrieval and for integration with other data sources. Potential uses in¢lude
efficient datp access during future operations and the development of design criteria.

A.5.2 Particular aspects

A.5.2.1 Rdgion of interest

No additiongl guidance is offered.

A.5.2.2 (Criticality

Consideratigpn should be given to the use of maximum wind speeds and currents when forecapting
the drift of potentially hazardous ice features in the proximity~of platforms, structures and loading or
unloading operations.

A.5.2.3 Variability

No additional guidance is offered.

A.5.2.4 Statistical

A.5.2.4.1 General

In arctic enyironments, recognitien should be made of potentially short-time records of measured [data,
e.g. ice pargmeters, or uncertainties associated with physical processes, e.g. ice formation, drift and
deterioration.

Designers cqn require.ee'and metocean parameters at (very) low probabilities of occurrence. Sinceldata
covering long periods\are rarely available, extrapolation of existing data is necessary. The extrapolation
can be perfqrmed using statistics of extreme values. In doing so, the choice of probability distribufions
should proy 1de accurate f1ts to the measured data and be consistent w1th the nature and bounds
associated V

longer datasets. Comparlson of dlfferent methods prov1510n of full detalls for methods apphed and
documented assumptions can ensure better verification.

In some relatively homogeneous areas, metocean hindcasts can be used to extend the time basis for
estimating return period values at a particular site, thereby reducing the amount of extrapolation
needed. However, even with long datasets, estimates of (very) low probability parameter values can
still depend to a considerable degree on the extrapolation method.

It should be noted that understanding of ice climatology is not at a stage where robust hindcasting is
feasible as in the case of metocean parameters.

Many ice scenarios can be represented in terms of episodic occurrences, characterized by an
event magnitude and an event frequency. It can be useful to use probabilistic modelling for this
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characterization, in which magnitude and frequency can be established based on different sets of
contributing parameters.

A.5.2.4.2 Relationship between parameters

Design examples of parameter combinations are given in ISO 19906.

A.5.2.4.3 Persistence

Persistence is the duration for which parameter values are maintained relative to specified criteria.
Such criteria can involve values less than minimum criteria, within a specified range or in excess of
maxijmum criteria. The criteria can involve combinations of parameters as well.

Humpn performance in arctic and cold regions is often tied to persistence statisti¢s involving
temperature, wind speed, darkness, visibility and precipitation. In addition, (performgnce is also
impdired due to the accretion of snow and ice and the resulting ground conditions as well as vehicle
performance.

Icebiieaking and other ice management operations can involve persistence statistics of ide thickness,
ice type, drift speed, rate of direction change and pack ice pressure‘criteria. Marine op¢rations and
wintprization can also rely on persistence data.

A.5.2.4.4 Record length

The record length, whether evaluated in number of yedrs, events or features, should be sufficient to
allow a reasonable estimation of parameter uncertainty:

Where available, local and nearby data should betused to define the working environmgnt. Specific
atterjtion should be given to air temperature, wind, precipitation and visibility.

A.5.2.5 Forecasting

Large amounts of information can(be required to produce, monitor and verify weather and ice
foredasts for an operation. Shore-hased forecasters can assist trained advisors located onsite. Constant
cominunication can be necessarybetween the land base and operations.

Local verification of current-forecast models should precede their use for sea ice and iceberg drift
foredasting. Real-time correction of drift forecasts with local data is encouraged.

In addition to forecasts of meteorological, oceanographic and ice parameters, other scenarjos affecting
the dperation can’beforecasted, including:

— polar lowrotcurrence probability;

— ice accretion conditions;

— lightmingactivity;

— magnetic storms.

A.5.2.6 Weather windows

Operational physical environmental data criteria are the same for weather-unrestricted operations as
for design criteria to ensure that risks to life and to the environment are not compromised. To illustrate
the point, repeated operations at the same site based on lower safety criteria would result in greater
risks than a permanent facility to accomplish the same objective.

For operations requiring a continuous weather window, the forecast window is typically twice as long
as the anticipated duration of the operation or longer, depending on the forecast accuracy.
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A.5.2.7 Climatic trends

The natural variability in arctic environments has important implications for data uncertainties,
monitoring programs and lengths of records needed to reduce uncertainties in any analyses. As a result,
time scales ranging from years to decades should be accounted for when considering observations and
trends. The long-term trends in sea ice cover should be monitored using time periods of at least two
decades and preferably four to five decades, if data are available.

In arctic regions, temperatures have increased at nearly twice the rate of the rest of the earth, resulting
in trends towards later freeze-up and earlier break-up of ice and reductions in the duration of ice cover
for many regions. Significant changes have occurred in the extent of September sea ice in the arctic

basin since

Future warining, coupled with new weather extremes, can potentially cause decreases in icecove

a likely char
sea ice proc

Natural vari
term trend{

remains a significant (one-in-three) chance that any seven-year or longer periéd)can see no sea icq

or even a sli
rapid sea icd
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A.5.2.8 Expertise and experience
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ge from an arctic marine environment dominated by old ice to one dominated by first
PSSes.

ability of temperature, wind, ice conditions and other factors can maskor .€nhance the
. Studies show that, even in a warming world with long-term decneasing ice cover, {

bht increase. The chaotic variability of weather patterns can alsé.occasionally produce
loss, e.g. 2001 to 2007, even though long-term trends in ice loss-are slower.

anges in conditions from the present into the future (20 years to 50 years) can be estin
logues and use of global and regional climate change.models, as indicated by the

hge projections. Care should be exercised when.'extrapolating data trends more tH
hrs into the future. Trends in several contributing parameters and their inter-relation
nsidered when such data are available.

ized that a warming climate can potentially lead to more severe ice conditions. Wa
s could lead to glacier surge and a ceyresponding increased iceberg frequency, or a flug
reas where the ice can remain stationary for several years. A more severe wave climat
Fom decreasing sea ice coverage!

ter experts can include experienced field personnel, as well as individuals with adva
human factors, méteorology, oceanography, remote sensing, ice engineering, ice sci
bophysics, geotechnical engineering, hydrology and climate science.
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eral

- and
Lyear

long-
here
 loss
very

1ated
most

ite science. An ensemble or set of multiple climate ‘models can be used to develop fyture

an a
chips

rmer
hing
b can

nced
ence,

Regardless oI the cause, changes In water surtace elevation can inifuence the grounding and retlo

of ice ridges

, stamukhi, icebergs and ice islands.

Water level changes can also lead to the destabilization and break-up of landfast ice.

ating

Measurements relating to water depth, tides, and storm surges are summarized in Table A.1 for
operations and in Table A.2 for design.
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Table A.1 — Water level data sampling and reporting requirements for operations (example)

Feature Parameter |Measurement Frequency Spatial Accuracy |Comments
details resolution
Bathymetry |x,y,z Multibeam; vessel |Prior to I1mto5m,as|<0,1m Area of
motion correction; |operations; required operations (site
z relative to local |after survey); source
datum; x,y UTM dredging or area forice
berm features
construction
Tide Minimum or |Relative to local Recorded at <0,1 m At site; source
TITaX I TTTUITT trartunT; TOTITiTT arcafor ice
elevation predictions from |intervals; features
constituents; reported
verification with |hourly
surge-
corrected local
data
Storn surge |Elevation Relative to local |Recorded at 0,1 m Identification
datum 10 min of significant
intervals; events;
reported corrglation with
hourly othef metocean
parameters
Forecast Asrequired 0,1m For s|gnificant
(approx.) events

Table A.2 — Water level sampling and reporting data requirements for design (example)

Feature Parameter Measurement details |Commentsa
Bathlymetry X,Y,Z Multibeam; vessel To hydrographic service accuracy or
motion correction; better; local and source areag of ice
z relative to local features
datum; x,y UTM
Tide Elevation Relative to local Monthly means, maxima, and|minima;
datum; local correction | historical time series (measufed);
of reconstructed historical timq series
predictions based (predicted); local and source jareas of ice
on measurements features; effects of ice cover
Storm surge Elevation Relative to local datum |Event frequency; event magnjtude
distribution; extreme maximfim and
minimum elevations; effects ¢fice cover

a  {tatistics-characteristic values, probability distribution, correlated parameters.

A.6.2 CBathymetry

Navigational charts in arctic regions can have large errors due to old, inaccurate and sparsely
collected data. The accuracy of navigational charts should be verified by contacting the responsible
hydrographical issuing offices. Operators should be prepared for large deviations from water depths
reported in official charts.

Vessels with seabed survey capability should be used to collect data whenever possible.

Man-made berms and structures, as well as natural bathymetric features can contribute to the
formation of ice rubble and stamukhi and can act as stabilizing features on the local sea ice cover. Such
structures and bathymetric features can also influence the draft of ice features reaching the area of
operations or facilities.
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A.6.3 Tides

The tidal jacking mechanism can be responsible for gradual but significant displacements of landfast ice
away from shore. With each tidal cycle, water can fill cracks in the ice in the tidal zone and its subsequent
freezing can generate thermal stresses and displace the ice cover away from shore. Contributing factors
include the local bathymetric profile, the presence of nearby shorelines, the presence of nearby areas of
thinner ice or open water, tidal range, air temperature and rate of change of air temperature.

Tides and other repeated changes in water surface elevation promote the freezing of ice to the surface
of piles and along the face of other structures. These features, known as ice bustles (see ISO 19906) are
most commonly formed in landfast ice environments. Usually in combination with the formation of ice

bustles, cha

Tidal action|

TEES [T WAteT SUTtace elevation carr Conmtribute to vertical toads O SUTIT Structures:

can result in the accretion of ice on previously grounded ice features, usually on shallow
beach slope$ or shoals, resulting in significantly thicker overall dimensions or increased consolidgtion.
High tides cfin also be responsible for the refloating and entrainment of these features into-the ice dover.

A.6.4 Storm surges

Changes to fhe ice regime, in terms of ice concentration, ice thickness and floe siZe, can have an inflyence
on storm surge elevations. Changes as a result of natural processes and human intervention shoulld be

addressed.

A.7 Wind

A.7.1 General

Wind measy

rements are summarised in Table A.3 for eperations and in Table A.4 for design.

Table A.3 — Wind parameters of relevance for operations (example)

Feature Parameter Measurement ,Frequency |Spatial Accuracy |Comments
details resolution
Wind Speed 10 m (onshere); |Recorded at See 10 min averalge;
minimum 10 min ISO 19901-1 |3 s gust; timg
unobstruéted intervals; series; monthly
elevation reported minima, maxiima,
(effshore) hourly and statistics
Direction 10 m (onshore); |Recorded at See Same as for speed
minimum 10 min ISO 19901-1
unobstructed intervals;
elevation reported
(offshore) hourly
Event details |Duration; Time series; type
maximum of event (polar
speed; low, arctic jet,
average katabatic)
direction
Wind Speed Surface (10 m) 1h Asrequired Over area of ice
forecast drift forecasts
Direction Surface (10 m) |[1h As required Over area of ice
drift forecasts
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Table A.4 — Wind parameters of relevance for design (example)

Feature Parameter Measurement details |Commentsa

Wind Speed 10 m (onshore); 3 h (or better) time series; monthly
minimum minima, maxima, statistics, and
unobstructed extremes; annual extremes; persistence
elevation (offshore) above specified thresholds

Direction 10 m (onshore); Joint frequency table with speed; monthly

minimum statistics and ranges
unobstructed
elevation (offshore)

Wind hindcast Speed 10 m; surface 3 h (or better) time series;,mdqnthly
minima, maxima, statistits, normal
values, and extremes;annuallextremes;
persistence above specified thresholds;
over area of ice drift forecast$

Direction 10 m; surface Joint frequencytable with spg¢ed; monthly
statistics and ranges; over ar¢a of ice
drift forecasts

a  Statistics, characteristic values, probability distribution, correlated parameters.

A.7.2

Polai
from| late fall to early spring. A polar low typically formsiwhen a cold arctic air mass is ad
the rielatively warm open ocean, creating an atmospheric instability that can grow into a |
centre of several hundred kilometres in extent. Because of strong convection cells within
are associated with severe weather, thunderstorms, strong gusting winds, waves, icinfg and heavy
snow. Due to their relatively small scale (about*one tenth the size of a normal low press;
theyfhave proved hard to forecast and to track.

they

Energy to drive these low pressure systéms is provided by heat and moisture transferred
and by energy transformation within.the atmosphere. The propagation speed of polar lows
with|n the range of 8 m/s to14 m/s, although some features can be close to stationary.

In a ypical scenario, the wind'speed will increase 2 to 4 levels in the Beaufort scale (5 m
withjn a couple of hours-due to the passing of a polar low. A sudden change in wind
asso¢iated with the change’in wind speed. For identification of polar lows, the following ¢
suggpested in Reference [18]:

Polar lows

lows are small and often intense low pressure phendmena that can form over oper

yind speed ifexcess of 14 m/s;
horizontal extent in the 200 km to 600 km range;

¢yclonic appearance; and

1 arctic seas
vected over
bW pressure

polar lows,

ire system),

'rom the sea
is normally

s to 15 m/s)
direction is
riteria were

development is associated with cold air outbreaks from the polar cap, large scale wind
a northwesterly to northeasterly direction.

s flowing in

Polar lows are found mainly in the European sector of the sub-arctic and arctic. Most of the polar
lows affecting Norwegian and Russian waters originate in the regions south of Svalbard and east of
Jan Mayen and move eastward into the Barents Sea. Their frequency decreases from west to east in
the Barents Sea. Polar lows originating in the Iceland-Greenland region mostly affect Scotland and the
North Sea. Polar lows are most frequent from October through March, during which period, on average,
five to ten polar lows occur.

The importance of polar lows lies in how they develop, their intensity and speed of propagation and how
these effects can influence operations. These features are seldom registered by the ground observation
network due to their scarcity and their small size and hence, are difficult to forecast. Satellite remote
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sensing has, therefore, become the most important tool to detect polar lows and the ability to forecast
their occurrence has improved.

When a polar low moves, it grows in size. The problems of prediction are most difficult in the far north
and improve with increasing southerly latitude. If a polar low moves towards the south, it normally
maintains its intensity and can finally reach sufficient size that it can be observed and predicted. Polar
lows move southward with the speed of the wind at high altitude, with some reduction caused by
friction at the surface. Forecasting agencies should be able to forecast most polar lows about 6 hto 12 h
before they arrive; see Reference [19].

Field measurements and studles of w1nd and waves durlng polar lows for the Barents Sea reglon show
that the stronges : : i : ound

¢ ions,
d the
f the
pear

sea state cap grow equally fast because the polar low can move at a speed comparable to ithat d
group velodity of the dominant waves. Waves close to being fully developed can, thexefore, ap
approximately simultaneously with the onset of strong winds; see ISO 19901-1.

rally
low.

A typical dufation for a polar low at a location is 1 h to 6 h, after which the weathérjconditions geng
improve, although the temperature is usually somewhat lower than prior to th&©onset of the polaj
The duratioh of the polar low in itself is between 6 h and 2 d to 3 d.

ively
than

Polar lows ¢annot be expected to be properly represented in wind hindcasts due to their relat
small scale. Normally, the wind and wave conditions associated with'polar lows will be less severe
extreme and abnormal winds, which normally are caused by large seale extra-tropical cyclones.

ffort
bdge,
d be
tors.

Although th
should be
nearby wea
relevant for

re is no specific requirement for length of record when assessing polar low activity, ¢
ade to obtain evidence from the range of squrces available, including local knowl
ther stations, vessel transit data and site-specific measurements. The data shoul
seasons when polar lows occur and effort.should be made to understand causative fac

National for tates

National WH

pcasting services include References.[21], [22], Environment Canada?) and the United S
ather Service3).

A.7.3 Kat

Katabatic w|

air under the force of gravity. These winds typically form over elevated ice shelves or in mountai

areas thate
Katabatic w|
Piteragq, off
the moistur
with these
cooling effe

hbatic wind

inds are generated at higher elevations from the downslope movement of cold and ¢

kperience strong radiation cooling. Katabatic winds can be channelled in valleys and fj
inds are very local,'thus very hard to forecast, but they can be very strong and intensg
past coast Greenland can reach 70 m/s to 80 m/s winds). Since the source of the air is
e content at lower elevations is relatively low, so precipitation is not generally assoc
vinds. Ddeyto the combination of high winds and low temperature within the air mas
Ct is significant which can lead to rapid sea ice growth if seawater temperature is clg

freezing. T

ing. patential for sea spray icing to occur during the onset of katabatic winds is also high
Although co i i

ense
nous
ords.

(the
cold,
jated
5, the
se to

therefore also be considered for offshore operations.

1ould

Although there is no specific requirement for length of record when assessing the likelihood and
severity of katabatic winds, the site under consideration should be compared to other sites with
similar geography for which data are available. Local knowledge should be solicited and site-specific
measurements should be considered where the consequences of katabatic winds could be of concern.

2) weather.gc.ca/canada_e.html

3) http://www.weather.gov/

https:
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A.7.4 Low level arctic jet

Low-level air jets can occur in the proximity of ice edges, leads and polynyas. Low level jets can involve
high wind speeds and strong vertical and horizontal wind shear. Due to the large surface temperature
differences found on the boundary between sea ice and open water, a pressure gradient due to density
differences in air masses can occur. This can lead to the development of a low-level jet blowing parallel
to the ice edge with ice edge on the right hand side. The strong wind shear associated with these jets
can potentially impact aerial operations.

A.8 Waves

A.8.1 General

Waves can be important for a number of design and operational situations, including:
— otions of vessels and floating structures;

— ave-induced velocities and vertical point of action for impacts of seadice features and igebergs with
fixed structures, floating structures and vessels;

— ¢ombined actions of ice and waves;

— dletection of ice features (visual, marine radar, satellite sensers);

— KERin seaice;

— ave-induced motions of icebergs during ice management operations;

— ilce deposition on beaches and shoals, and subsequent growth and refloating;
— gpray icing on vessels and structures;

— landfast ice break-up;

— {lloe size reduction and break-up of ice ridges;

— iceberg and sea ice decay;

tability and integrity of foundation berms, mats used for slope stabilization, and other rockfill
tructures, includitgthose intended to provide protection against ice interactions.

[T N7

In a number of thé above situations, waves act in combination with other processes at|magnitudes
less than extremé values. In some situations, extreme wave values can provide reasonable, although
consgrvativegestimates to be used in combination with other parameters.

=]

Wave measturements are summarized in Table A.5 for operations and in Table A.6 for desig
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Table A.5 — Wave parameters of relevance for operations (example)

Feature Parameter Measurement |Frequency |Spatial Accuracy |Comments
details resolution
Waves Significant 20 min Asrequired [0,5mor As per
height sampling and 10 %, ISO 19901-1;
reporting whichever |time series;
is less monthly minima,
maxima, and
statistics
Maximum 20 min Asrequired [0,5mor As per
treigitt 16796, 1S 19901=1;
whichever |time series;
is less monthlyminifa,
maxima,and
statistics
Zero crossing 20 min Asrequired [0,5s As'per
period; ISO 19901-1;
spectral peak time series;
period monthly minima,
maxima, and
statistics
Direction Mean; spread 20 min As requiredS )|10° As per
IS0 19901-1;
time series;
monthly minifna,
maxima, and
statistics
Wave Significant 3h As required Over areas of
forecast height vessel operatipns
and ice drift
forecasts
Maximum 3h As required Over areas of
height vessel operatipns
and ice drift
forecasts
Zero crossing 3h Asrequired Over areas of
period; vessel operatipns
spectral peak and ice drift
period forecasts
Direction Mean 3h Asrequired Over areas of
vessel operatipns
and ice drift
forecasts
Wave €Eoefficient Ice Event-based
attenuation cancentration
floe size, and
thickness
associated with
events
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Table A.6 — Wave parameters of relevance for design (example)

Feature Parameter Measurement details |Comments2
Wave hindcast Significant height 3 h time series; monthly maxima and
statistics; winter season extremes
Maximum height 3 h time series; monthly maxima and
statistics; winter season extremes
Zero crossing period; 3 h time series; monthly maxima and
spectral peak period statistics; winter season extremes
Direction Mean; spread 3 h time series; monthly ranges; joint
fraguancu tahlawith cnaad
(roguepcytablasaith spoad
Ice response to Transfer functions Surge and heave; For ice features of range of dimensions;
wavegs amplitude and based on diffraction théory; dtructure
velocity and seabed effects
Wave attenuation Coefficient Ice concentration, floe |For marginal ice,zohes

size, and thickness
variation

Jtatistics, characteristic values, probability distribution, correlated parameters.

A.8.

Wave-excited impacts of ice features, whether of sea ice or)glacial origin, can result in
hazafdous operational situations and contribute to design ice actions.

Sma

2 Wave-induced ice motions

ller ice features typically follow wave particle trajectories and can potentially impac|

potentially

t structures

both|above and below the still water level. Transfer functions used for wave-induced ice mofions should

conslder:

A.8.

Alth
and

The

throyigh sea ice,

the influences of extent, draft, and shape of‘the ice features;
the influence of proximity to vessels, structures, berms, and the seabed;

potential influence of ice concentration for wave-induced motions of sea ice.

3 Wave transmission through sea ice

ugh waves are usually,dampened quickly as a function of distance into sea ice, long p
gwell can propagaté-significant distances into the ice cover.

ncident wave‘energy at the ice edge is the primary basis for assessments of wave t

eriod waves

ransmission

If wave attenuation is considered for operations and design, the effects of sea ice copncentration,

thick

of w

ave-incursion events on the state of the ice cover.

ness,\and floe size should be assessed. Due account should be taken for the effects of the duration

For operations planning and design, the documentation of wave transmission through sea ice should
include:

significant wave height;

wave period (zero crossing or spectral peak);

wave direction;

distance of facility or operation from ice edge;

ice concentration, ice thickness and average floe size profiles to ice edge;

duration of event (persistence).
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Wave energy decays exponentially with an attenuation coefficient that varies between 2 x 10-4 m-1 for
long waves to 8 x 10-4 m-1 for 8 s to 9 s waves, corresponding to e-folding distances of about 5 km to
1,2 km (see References [23] and [24]). These values are based on “mean” values and it should be noted
that there is considerable uncertainty regarding the exact values and how they depend on the state of
the ice cover (see References [25] and [26]).

The decay o
E(d)=
where

EF ist

d ist
Ep ist
ist

Formula (A.

a

A.9 Curr

A.9.1 Gen

In many sit
isolating net

At various s
and care shq

Examples of
a governing
can also lea
cold regiony
the seabed.
landfastice,

Strudel scoy
vertical jets

Measureme
for design.

f wave energy is given by the exponential Formula (A.1):

—od
EOe

(A1)

e wave energy;
e distance from the ice edge;

e wave energy in open water;
e wave attenuation factor.

) assumes that the wave period is constant with distance into the ice.

ents

eral

lations, the separation of currents into tidaltand residual components can be useft
drift from higher frequency diurnal and semi-diurnal ice motions.

ites in arctic and cold regions, the frequencies of inertial and tidal ice motions are sij
uld be taken to distinguish between the two.

where extreme values of currents can be important are when the impact of ice featu
design situation and for planhing ice management or forecasting operations. High cur
1 to the degradation of rdckfill structures (often used in shallow water areas in arcti
) as a result of ice gouge/processes or accelerate the deterioration of ice gouge marl
High currents can contribute to sea ice ridge formation and reduce the rate of grow

rs in seabedrsediments are the direct result of fresh water flow over ice and the resy
(currents)through the water column to the seabed.

hts relating to ocean currents are summarised in Table A.7 for operations and in Tabl

11 for

milar

res is
rents
r and
kS on
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lting

co
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Table A.7 — Ocean current parameters of relevance for operations (example)

Feature Parameter Measurement |Frequency |Spatial Accuracy |Comments
details resolution
Current Speed Asaminimum: |10 min Local to 0,05 m/s Measurement
surface; mid- sampling, facility and forecast;
depth; deep hourly as per
recording ISO 19901-1;
time series;
monthly minima,
maxima, and
statistics;
profiles to
dsseqs scour
potential
Direction Asaminimum: |10 min Local to 10° Samg as for speed
surface; mid- sampling, facility
depth; deep hourly
recording
Current Speed Daily; 3 h As required Overlareas of
foreg¢ast (if tidal vessgl operations
predictions) and ife drift
foredasts
Direction Daily; 3 h Astequired Overfareas of
(if tidal vességl operations
predictions) and ife drift
foredasts
Conductivity |Through water |Asrequired |Asrequired
temperature |column
depth (CTD)
Table A.8 — Ocean current parameters of relevance for design (example)
Feature Parameter Measurement details |Commentsa
Current hindcast Speed From current model; Time series; monthly minimal maxima,
for multiple layers and statistics; local and regiopal
Direction From current model; |Time series; monthly minima} maxima,
for multiple layers and statistics; local and regiopal
Current Speed Acoustic doppler Potentially in conjunction with ice drift
current profiler (ADCP) | measurements; separation of|steady,
or current meter surge, and tidal components
Direction Acoustic doppler
current profiler (ADCP)
or current meter
Conductivity Profile through water |As required
temperature column; spatially
depth (CTD)
a  Statistics, characteristic values, probability distribution, correlated parameters.

A.9.2 Currents for sea ice and iceberg drift prediction

Measurements of surface currents in the uppermost 10 m can be collected during the ice-free season to
help calibrate oceanographic models used as input for sea ice drift forecasting models.

The importance of accurate current input for iceberg forecasting is emphasized. Consideration should
be given to site-specific and higher resolution current forecast models and real-time measurements for
verification and assimilation.
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A.9.3 Current records

Few current measurements exist in many arctic regions and oceanographic models have seldom been
validated in these areas.

A.10 Temperature

A.10.1 General

ISO 19901-1 provides guidance on air and sea water temperature ranges found in different regions of
the world.

Measuremefts relating to air and water temperatures are summarised in Table A.9 for operation$ and
in Table A.1( for design.

Tlable A.9 — Temperature parameters of relevance for operations (example)

Feature Parameter Measurement |Frequency |Spatial Accuracy |Comments
details resolution
Air Temperature 10 min Atssite 1R€ Daily averagg for
sampling, freezing degfee
hourly days (FDD);
recording atmosphericjand
spray icing;
human factors;
machinery
operation
Wind chill 10 min As required 1°C Calculated uging
sampling; local 10 m wind
hourly, speed
recerding
Water Temperature |Near-surface Daily At site <1°C Spray icing;
ice growth apd
deterioration;
frazil ice
formation;
diving
Temperature |InWater column |Asrequired |Asrequired <1°C Application tp
iceberg
deterioratior
Temperatiwe |Near seabed Asrequired |Asrequired <1°C Changes to
permafrost
regime

Feature Parameter Measurement details |Commentsa
Air Temperature 3 h sampling (LAST Time series of freezing degree days
definition; see (FDD); probability distribution; ex-
ISO 19906); daily tremes;
average winterization; machinery specifications;
operations planning
Water Temperature Near-surface Time series; probability distribution;
extremes
Temperature In water column Time series; extremes

a  Statistics, characteristic values, probability distribution, correlated parameters.
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A.10.2 Sea water temperature

Sea water temperature profiles should be collected whenever possible to support operational decision-
making for sea spray icing, frazil ice development (implications for water intakes), sea ice formation,
iceberg deterioration and changes to the permafrost regime.

A.10.3 Air temperature

Because of its importance for marine and atmospheric icing, snow and sea ice formation, iceberg
deterioration and sea ice melting, local air temperatures should be monitored on a routine basis.

The

para
Mini
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Wing
envil

Wing
wind
the ¢
temp
and

effec

Scier
a mo

engineering correlations of wind speed and heat transfer rate. Heat transfer was calculate

face
10 m
temp

1

whet

ations.

averaging period should be taken into account when calculating correlations wit}
Mmeters.

fications can be based on hourly to daily values, depending-0n the circumstances.

| chill is dealt with in ISO 19906 for the design of offshore facilities and in ISO 35101
onment.

| chill is the perceived temperature due to thes¢ombined effect of low ambient temp|
. Wind blowing over an object will result in athigher rate of heat loss and a more rap
bject. The heat loss is proportional to thé-wind speed. The attempt to maintain a g
erature in an environment of faster heat.Joss results in both the perception of lower tg
in actual greater heat loss. In other words, the air “feels” colder than it is because of
t of the wind on the skin. Wind chillccan present a real danger to personnel working oy

tists and medical experts in the"U.S. and Canada have developed a wind chill index
del of skin temperature under various wind speeds and temperatures. The model ug

n wind, facing the wind,-while walking into it at 1,4 m/s. The model corrects initially]
elevation to wind speed at the face height, assuming the person is in an open field. T
erature is defined\in’'Reference [27] as Formula (A.2):

! 0,16 0,16 o
we =13,12+0;6215-T—11,37-UD3* +0,3965-T-U%'®  [°C]

ased on daily

ing periods
A number of

| associated

mum air temperatures used for personnel comfort, equipment operation, and material

for working

erature and
d cooling of
ven surface
mperatures
the chilling
tside.

by iterating
es standard
d for a bare
the wind at
e wind chill

(A.2)

T
W

is wind chill temperature in degrees Celsius;

T

U1o

is air temperature in degrees Celsius;

is wind speed at 10 m height in kilometres per hour.

Formula (A.2) is applicable if the human body is on ground (1,5 m elevation) while winds are at
a 10 m elevation, since this is the onshore standard for forecasted and recorded winds. Offshore,
winds are usually recorded at higher elevations and converted to the deck elevations based on
empirical formulations. If winds are from the same elevation as wind chill temperature is calculated,
Formula (A.3), the following transformed version of Formula (A.2), is recommended:

T, =13,12+0,6215-T—14,89.U%1¢ +0,519.7.y%16 (A.3)
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U iswind speed at the height wind chill is to be calculated in kilometres per hour.

An overview over the different types of temperatures and associated standards is provided in
Table A.11. Further details on low temperature definitions can be found in ISO 19906.

Table A.11 — Low temperature definitions and associated standards

Symbol Definition Reference Applicability
DAT(t) npcign ambient temperature DNV GL Rules for thpc[lO] Classnotation for structural
Bureau Veritas Rules for material selection
Shipsl4]
PST Polar service temperature IMO Polar Codel13] Polar Code compliance
LMDAT Lowest mean daily average IACS UR S6.3[12] Setting desigriitemperatures
temperature DNV GL Rules for Ships[10] Selecting steel grade
DNVGL-0S-C101[]
Bureau Veritas Rules for
Shipsl4]
Bureau Veritas Rules for
Offshore Units[3]
LMDLT Lowest mean daily low IMO Polar Codel13] Setting PST;
temperature PST < LMDLT - 10 °C
ELT Extreme low temperature DNVGL-0S-A201.8} Setting winterization
Bureau Veritds/Rules for temperature
Shipsl4] No prescribed definition
LAST Lowest anticipated service ISO 1990211], ISO 19906 Offshore facility design
temperature
RP100 Extreme low temperature with [ISO 19906, NORSOK N-003[14] |Setting LAST
an annual probability of
exceedance not greater than
10-2

The relation
Figure A.1f

ship between the different temperature measures is illustrated for a particular locatipn in
r a 15-year measuirement period.
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20

T
Key
A Absolute maximum temperature M1 January
B MDHT: Mean daily high tempé&rature M2 February
C MDAT: Mean daily average temperature M3 March
D LMDAT: Lowest meandaily average temperature M4 April
E MDLT: Mean dailylew/temperature M5 May
F LMDLT: Lowestméan daily low temperature M6 June
G Absolute minimum temperature M7 July
H PST: polar service temperature (SLMDLT -10 °C) M8 August
[ ELT: Extreme low temperature M9 September
| RR100: Extreme low temperature ata 10-2 M10  October

aftraalprobabilitrefexceedanee MTT —November

T Air temperature, expressed in °C M12  December
NOTE Data source: Norwegian Meteorological Institute.

Figure A.1 — Temperature definitions in Table A.11 illustrated using observations at Bjgrngya
(1998 to 2012)
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A.11 Atmospheric parameters

A.11.1 General

Since visibility in arctic and cold regions depends not only on precipitation, fog and haze, but also on the
ice cover, visibility indices from coastal stations can differ from those at offshore locations. As a result,

the latter should be used to calculate frequency of occurrence of visibility.

Above-water ice detection systems involve visual observations, optical imaging, infrared imaging,
radar imaging, and multispectral imaging. Consequently, atmospheric parameter measurements
should address all of the relevant systems in operation and potentially used as part of ice operations.

Helicopters pperating offshore should be equipped with a ceilometer, reporting cloud ceiling.

Air drag cofefficients used for forecasting sea ice and iceberg drift are dependent on atmosp

stability. Thlis dependence should be addressed at the operational planning stage eitherthrough
profile and jother atmospheric measurements or through the calibration of drag coefficients in

documented

coefficientsfare used.

verification cases. Stability should be assessed in real-time to ensure that accurate

heric
wind
well-
drag

Geomagnetic storm effects are of greater concern in arctic regions and can lead to power disrupfions,

impair not

Spaceweather website®).

bnly operations but emergency preparedness. For geomagneti¢ storm forecasts, se

Measurements relating to atmospheric processes are summarised in Table A.12 for operations a
Table A.13 fpr design.

Table A.12 — Atmospheric parameters of relevance for operations (example)

b the

nd in

Feature Parameter |Measurement |Frequency’) |Spatial Accuracy |Comments
details resolution
Daylight Sunrise; sunset
Visibility Horizontal Haze; fog; 10-rmin
distance; precipitation sampling,
vertical hourly
distance recording
Cloud cover | |Percentage/ 10-min Operations For aerial
octal sampling, area operations
hourly
recording
Precipitation |Event Total 10-min
precipitation in |sampling
water equivalent |and recording
Event Duration 10-min
sampling
and recording
Event Maximum 10-min
hourly sampling
precipitation and recording
rate

4) http://spaceweather.com
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Table A.13 — Atmospheric parameters of relevance for design (example)

Feature Parameter Measurement details |Comments2
Daylight Sunrise; sunset Variation over the year
Visibility Horizontal distance; |Haze; fog; precipitation |Proportion of time on a monthly basis;
vertical distance persistence statistics
Precipitation Event Total precipitation in |Snow, rain, sleet, hail; statistics
water equivalent
Event Duration Statistics; proportion of time on a
monthly basis
Event Maximum hourly Statistics
precipitation rate
a  {tatistics, characteristic values, probability distribution, correlated parameters.

A11

Infor
the U
of th
but ignoring any differences in elevation. Different measures of twilight are provided i
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A1

Advs
adve
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visudl observations, and optical imaging systems.
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the i
patchy, it presents fewer operational(challenges.

A.11

As with fog, precipitation, ¢an cause significant reductions in visibility, sometimes to
seve)
Prec
incre

Ice

as o
is es
featy

.2 Daylight considerations

mation on daylight hours and twilight can be found in the NOAA sunrise/sunset calc
.S. Naval Observatory daylight calculator®). Sunrise and sunset are-the times when thg
b sun is on the horizon under average atmospheric conditions and accounting for refra

se/sunset calculator>).

.3 Visibility and cloud ceiling

ction fog is the most common type of fog experienged in arctic waters. Its origin is wa
cted over colder water and is most frequent during summer months. Advection fog is
and covers large areas. Advection fog can have an impact on aircraft and helicopter

E smoke occurs when very cold air flows over relatively warm water. This is typically
e edge during wintertime and in.dnd around polynyas. Since frost smoke occurren

.4 Precipitation

pitation in the form of rain, snow and hail can absorb increasing amounts of radar
asing precipitation intensity.

tection systems rely heavily on platform-based and vessel-based marine radar syst
airborne’and satellite-based radar systems. Consequently, the documentation of f
sentialin the assessment of radar system effectiveness for the detection of sea ice
r€es,

ulator>) and
upper edge
rtion effects
n the NOAA

'm moist air
sually quite
operations,

found along
re is usually

as little as

‘al metres. Moreover;-radar range can be reduced far more due to precipitation than due to fog.

energy with

ems, as well
recipitation
and iceberg

A.12Seaice

A.12.1 General

Sea ice information can be obtained by various methods, including:

aerial reconnaissance;

surface observations from ships, platforms and other structures;

5)
6)

http://www.esrl.noaa.gov/gmd/grad/solcalc/sunrise.html

http://aa.usno.navy.mil/data/docs/RS_OneYear.php
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— drifter buoys;

— sub-surface observations, such as those taken by upward looking sonar for measurement of ice draft;

— satellite imagery.

Airborne observations can provide information about ice conditions when weather conditions permit
and can generally provide ice information at a higher spatial and temporal scale than permitted by

satellite imagery.

Trained ice observers can provide information about ice conditions in close proximity to the operation.
Video imagery or radar can aid in surface observations of ice.

Different safellite sensors can be used to characterize ice conditions. Synthetic aperture radar‘\(SAR)
satellite senfsors are useful for their ability to provide images independent of the weather conditiops or

daylight. H

ever, they can be challenging to interpret, particularly if there is water onthe”ice. Vlisual

or infrared (IR) satellites can provide useful information on a broader scale, but data are limited when
there is darkness, fog, and cloud cover. Passive microwave satellites can give an overview of the region.
Higher resolution imagery can be useful if an operation is at a fixed location. Depending on the lochtion

of the operation, satellite imagery might not be available at the frequency required for monitoring

Table A.14
Table A.15 j
compreheng

environments, and their effect on operations and design. For operations, the parameter list should
febreaking conditions, identification of potentially hazardous features, parameters relating

on general i

brovides a list of typical sea ice parameters relevant during offshore operations, yhile
provides a list of typical parameters for design. Neither of‘these tables is intended
ive. Careful consideration should be given to understanding the local and regional sga ice

o be

focus

to global load levels on structures and station-keeping systemszand managed ice conditions. For dgsign,

the paramef
and driving

Table A.14 — Sea ice parameters of relevance for operations (example)

er list should include, as a minimum, the parameters associated with limit stress, energy,
force considerations for the structure types ahd the local ice conditions (see ISO 19906).

Feature Parameter Measurement Frequen-| Spatial | Accuracy | Comments
details cy resolu-
tion
Ice season Start + end dates Typically based on
concentration
threshold
Concentratign | Total concentration Daily
Partial Of each identified
concentrations ice type
Stage.of Corresponding to
development or partial
thickness concentrations
Floe size Corresponding to
partial
concentrations
Ridged proportion |Corresponding to
partial
concentrations
Drift Drift speed 1-3h Measure-
ments and
forecasts
Drift direction Measure-
ments and
forecasts
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plan lengthand
width)

of circular floe with
the same area (see
A12.6)

Table A.14 (continued)
Feature Parameter Measurement Frequen-| Spatial | Accuracy | Comments
details cy resolu-
tion
Ice edge Position Daily, Measure-
unless ments and
critical forecasts
FYice Level ice thickness
Rafted ice thickness
Rafted ice extent |
Floe diameter Equivalent diameter |Every 3 h Dlistribution;
(unmanaged and of circular floe with nlaximum for
managed) the same area (see nmlanaged
A12.6) flpes
FY ridge, rubble |Frequency; areal Number per unit
field| or density length; number per
stamukha unit area
Plan length
Plan width Perpendicular to
length
Maximum keel draft|Relative to water Gfounded or
surface upgrounded
state
Average keel draft |Relative to water;
surface
Maximum sail Relative to water
height surface
Consolidated layer |Averagewalue Also, porosity
thickness of grounded
fdatures
MY ife Thickness Average, maximum
values
Floe diametér (or |Equivalent diameter Fopcus on spe-

cilfic features;
can

consider
pprameters of
conglomerate
flpe consist-
iflg of

F) or SY and
MY ice

MY ridge

Eraciian 3. |
T

A XL o
rrequtnCy,arca

PEEZCY B-er-a
O PeHitT

Number per

density distance; number unit width
per unit area passing oper-
ation or
facility
Plan length
Plan width

Maximum keel draft

Average keel draft
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Table A.14 (continued)

Feature Parameter Measurement Frequen-| Spatial | Accuracy | Comments
details cy resolu-
tion
Brash ice Concentration Within ship
tracks or
managed area
Maximum thickness Freezing or
consolidation
potentially of
CUIICTTII
Average thickness
Largest piece size
Open water lead |Frequency Number per unit
length
Width
Length

Ice encroach|
ment

Maximum height

Relative to water or
structure surface

Incursion distance
relative to shoreline
or edge of structure

Maximum value
across lateral extent

Lateral extent

Perpendicular to
incursion distance

Table A.15 — Sea ice parameters of relevance for design (example)

Feature Parameter Measurement details |Commentsa
Ice season Season length Based o minimum
concentration
criterion (typically
1/10th)
Freezing degree Correlation with season length;
days (FDD) progression over year for relationship
with ice thickness
Concentratign Total concentration Progression over winter season
Partjal‘concentrations | Of each identified ice
type
Stage of development |Corresponding to
or thickness partial concentrations
Floe size Corresponding to
p;n'finl concentrations
Drift Drift speed Probability distribution
drift direction Probability distribution; joint
distribution with speed
Landfast Proportion of time or
season
FYice Level ice thickness Probability distribution
Rafted ice thickness |Average value over Probability distribution
lateral extent
consistent with
mechanism leading to
load
70 © IS0 2017 - All rights reserved
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surface

Table A.15 (continued)
Feature Parameter Measurement details |Commentsa
Floe diameter Equivalent diameter |Can be relevantif only FY ice present;
of circular floe with probability distribution; correlation
the same plan area with level ice thickness
(see A.12.6)
FY ridge Plan length Probability distribution
Plan width Perpendicular to length | Probability distribution; correlation with
plan length
Keel draft Relative to water Avnrngn and maximum values;
surface probability distribution over pll ridges;
correlation with plan length
Sail height Relative to water
surface
Consolidated layer Average value over Probability distribution over pll ridges
thickness lateral extent
consistent with
mechanism leading to
load
Frequency; areal Per unit length; per Average
density unit area
Orientation Long axis relative to
north
FY rybble field Plan length Probability distribution
Plan width Perpendicular to length | Probability distribution; corrglation with
plan length
Keel draft Relative to water Average and maximum valueg;
sutfdce probability distribution over pll rubble
fields
Sail height Relative to water
surface
Consolidatedlayer Average value over Probability distribution over pll rubble
thickness lateral extent consist- |fields
ent with mechanism
leading to load
Etequency; areal Per unit length; per Average
dénsity unit area
MY ige floe Thickness Probability distribution
Diameter Equivalent diameter |Can consider parameters of cpnglomerate
of circular floe with floe consisting of FY or SY an¢l MY ice;
the same plan area probability distribution; corrglation with
(see A.12.6) thickness
Frequency Per unit length or unit
area
MY ridge Plan length Probability distribution
Plan width Perpendicular to length | Probability distribution; correlation with
plan length
Keel draft Relative to water Probability distribution; correlation with
surface; average value |planlength
over lateral extent
consistent with
mechanism leading to
load
Sail height Relative to water
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Table A.15 (continued)

Feature Parameter Measurement details |Commentsa
Frequency; areal Per unit length; per
density unit area
Orientation Long axis relative to
north
Stamukha or other |Planlength Probability distribution
large feature (shear
ridge)
Plan width Dnrppndir‘n]ar to ]pngﬂ'\ Drnh:\hilify distribution; correlationwith
plan length
Thickness (or keel Average value over Grounded state; porosity; probdbility
draft and sail height) |lateral extent distribution; correlation with-water dgpth,
consistent with plan length, contributing ice‘thicknes
mechanism
leading to load
Frequency; areal Per unit length; per
density unit area
Ice encroachiment Height Relative to water or Profile; location of maximum value;
structure surface distributien of maximum value
Incursion distance Maximum value across | Distribution
relative to shoreline |lateral extent
or edge of structure

a Statistics,|characteristic values, probability distribution, correlated parameters.

A.12.2 Sealice season

The start anjd end of the sea ice season with respectcto thermal ice growth and decay can potentially be
related to the time-averaged accumulated freezing degree days and melting degree days, respectjvely.
If such relationships are used for forecasting.season boundaries, they should be calibrated based on
historical data.

Water temperature and the slope of-the thermocline can also be used to forecast early-season ice
formation.

A.12.3 Sealice coverage

Sea ice can pe classified according to the WMO sea ice nomenclaturel13] frequently referred to afs the
"Egg Code". An example of this format is MANICE[16], involving partial concentrations of ice in diffgrent
stages of deyelopmentand with different floe sizes.

When planning.operations in waters that have seasonal ice coverage, climatological ice conditionf can
provide a basicunderstanding of the seasonal variability of ice concentration and type in the region of
interest. Ice'eohditionsean vary L,Ullo;dcrab}_y from year to yeat: The-durationofhisterteal reeords will
vary depending on the region; 10 years of records are barely adequate, while the climatological standard
of 30 years (as per WMOI[28]) provides some degree of confidence that most seasonal variations are
considered.

The Canadian Ice Service ice charts define ice edge as the open water or ice-free boundary. The
Norwegian ice service specifies the ice edge from the 3/10ths ice concentration boundary, which is
the minimum concentration that can be detected using passive microwave satellite sensors. During all
aspects of an arctic operation, the requirement for accurate data collection and documentation on the
presence of sea ice is vital for building a database, which can be used in the planning and design of
future operations. The data collection can involve:

— long-term time series of sea ice concentration and type information for a specific location and a
larger region of interest;
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— statistical information on concentration and type of sea ice for a specific location and a larger region
of interest.

A.12.4 Sea ice thickness

Ice thickness is defined as the distance from the top surface of the ice to the bottom surface of the ice,
regardless of whether there exists air or water gaps in between. For operations and design, the ice
thickness can be defined as the maximum thickness over some horizontal distance, such as the lateral
dimension of an ice floe or feature. Where ice thickness is measured on a continuous basis, it can be
sufficient to represent thickness in terms of a probability distribution.

T CO 12 poficcorca OT [OTIT tWO Ol 'S Of i 2
h other. Rafted ice layers can be partially or fully bonded and subsequent freezing ca
e bottom surface.

Ol d dyEl DC 1S

huously at a
bler current

Upward-looking sonar devices can be deployed on the seabed to monitor ice draft conti
fixed point as ice drifts overhead. When deployed in conjunction with an acoustic Dop
profiler, the sonar data can be interpreted as a spatial draft profile along thé’line of drift.

Ice fi
scan

eeboard above the water surface can be obtained from laser altifmetry along a line o from laser
hers along a swath.

Estin
cons
Cons

hates or measurements of ice and water density can be used along with hydrostatic
derations to obtain the total ice thickness from above-water or below-water measuren
iderable uncertainty can result for keel draft estimation.based on freeboard measurer]
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1ent devices.
nents.

Total ice thickness can be measured from ice blocks turnied up during icebreaker transit.

Groujnd-penetrating radar (GPR) and electromagnetic (EM) induction are remote measurement
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iques used to estimate ice thickness, whéether glacial ice (floating or grounded),
ice. GPR measurements rely on electromagnetic scattering at air-ice, ice-water and i
oil. EM systems are usually combined with laser altimetry to locate the upper surfa
systems with their higher frequencies are typically more accurate, but are limited
tration depth for sea ice and,can be ineffective except for freshwater and brackish ic
tem has limitations for measuring the keels of ridges and rubble fields; GPR because
any ice block surfaces, and’EM because of lack of horizontal resolution (typically sev
he conductivity of the-combination of ice blocks and water of different salinities. Both
to underestimate the-maximum draft of ridges and rubble fields and be inaccurate ne
features. For lege]Mice or ice with smoothly varying surfaces, EM ice thickness measul
rate to withinabout 20 cm, while GPR measurements are typically more accurate.

.5 Sea ice drift and movement

ingsatellite-communicating buoys placed on ice floes can be used to remotely monitor

sea ice, and
e-soil/rock

C
faces, while EM measurements rely. on‘differences in electromagnetic conductivity flr ice, water

te of the ice.
in terms of
e. Each type
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bral metres)
bystems will
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rements are

the location
re operation

and movement of the floes. They are also useful for gathering ice drift data prior to an offsho
or co&hﬁﬂrﬁhﬁm_rﬁﬂ_ﬁ_lﬁ_ﬂns TUction of an OffSNOTe Structure, as they provide historical data on local ice drift conditions.
Concurrent deployment of weather stations and acoustic Doppler current profilers on floes can be used

to supplement the drift data.

Sea ice drift can also be determined by re-identification of specific features on marine radar, from
airborne or satellite imagery or visually from vessels, platforms and aircraft. Drift time series at a

particular location can also be obtained from moored acoustic Doppler current profilers.

The following information can be determined from historical information:

— drift speed distributions;

— seasonal and inter-annual variability in drift speeds;

— multi-year and multi-decadal trends in drift speed and predominant drift direction.
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Typically, direction should be measured to an accuracy of one azimuthal degree and speed should be
measured to an accuracy of 0,1 knots (0,05 m/s).

Sea ice drift speed and direction depend on the local wind and current fields, the transfer of stress
at the air-ice and ice-water interfaces, Coriolis forces, the slope of the sea surface and the mechanical
behaviour of the ice cover. All these processes should be considered in drift forecast models, although
mechanical behaviour can often be ignored for lower ice concentrations. Timely and accurate input
data, in terms of wind and current forcing, as well as the state of the ice cover, are important for
successful forecasts. Drag coefficients and turning angles should be consistent with the state of the
respective boundary layers and with the levels at which the winds and currents are forecast. Extensive
verification and correction of biases based on real-time drift measurements can help enhance accuracy

and quantiff uncertainties.

Traditional weather forecasts are usually inaccurate beyond 72 h. In arctic regions, weathef forefasts

are likely to|be of reduced accuracy and consequently, the ability to provide ice drift foregasts for more

than 72 h is|limited.

Aside from speed and direction, drift forecast models should provide informationfen’the curvatyre of

the drift trqck and the rate of change of drift direction, in combination with dfift speed information.

Initiation offmovement for a stationary ice cover can also be a priority in certain areas, particulafly in

shallower wiater and in proximity to shore.

A.12.6 Sea|ice features and conditions

Sea ice scerjarios of interest can involve specific types of ice features, particular ice conditiong and

combinations thereof.

Examples of features in sea ice environments include:

a) extendqd areas of rafted sea ice;

b) consolidated (refrozen) first-year ridges and rubble fields;

c) dislodge¢d grounded rubble fields and(stamukhi that were consolidated during the formption
process|or as a result of water level changes;

d) refloatdd beach ice features that have been altered by water level changes;

e) second year or multi-year ic€ floes, i.e. old ice;

f) old ice rjidges or hummock fields;

g) iceisland, ice shelf, and glacial ice fragments not normally contained within the sea ice.

Seaice feature definitions are not always clear-cut, as in the case of conglomerate floes composed of first-

year and old ice dnd the definitions should be consistent with the design or operational requiremepnts.

Examples office/scenarios include:

facility)

other m

)

flushing of river ice as a result of spring melt;

displacements of previously grounded or beached ice features;

an-made structures.

pressured ice (ice cover in hydrostatic compression, rather than as a result of motion relative to a

ice rubble build-up and encroachment onto working surfaces of structures, docking facilities and

Available historical records of ice features tracked or observed in the region of interest or representative
region should be considered. The dimensions (lateral and thickness) and areal density of such features
should be identified, with an assessment of seasonal and inter-annual variability. Floe size can be defined
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as the diameter of a circular floe of equivalent plan area. Differences in the drift speeds and directions
relative to the surrounding sea ice should be identified. If site-specific data are unavailable, data from
nearby regions can be used with due account for factors that might result in regional differences.

Ridge length is the maximum observable horizontal length of the above-water portion of the ridge.
Ridge width is the maximum width of the feature in the plane of the ice surface, typically for the below-
water portion since it is wider than the above-water portion. For visual observations, ridge sail height
is typically measured as the vertical distance from the surface of the level ice to the peak of the ridge.
For automated measurements, the reference for ridge sail height is usually the water surface. Ridge keel
draft is the vertical distance from the water surface to the deepest point in the keel. The consolidated
layer of a ridge or rubble field is the portion that has completely refrozen subsequent to the formation
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.7 Physical properties

7.1 Temperature

ontinuous logging of ice temperature, strings of temperature sensors can be deplo}

xample, tracking the locatien of the bottom surface of the ice requires a fine spaci
urement of temperature\gradients typically only requires 5 cm to 10 cm spacing.
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neasurements at a single time, cores (typically about 10 cm diameter) can be ex]

bep_enough to avoid surface warming or cooling during the extraction process and th

tracted and

eratures measured at specified depths by inserting a probe into drilled holes. The holes should

bir diameter

shou

d nlcf ]:n'gnr than the prnhp In cold urnafhpr it is advisable to start prnfl]]ng from

the bottom

since thlS part of the ice is warmest and will change its in situ temperature fastest. The temperatures
should be measured as soon as possible after extraction of the core and the probe should be inserted for
sufficient time for the temperature to stabilize at the ice temperature.

A.12.7.2 Salinity

For level first-year sea ice, the salinity is usually expressed as the fraction by mass of the salts contained
in a unit mass. It is usually quoted as a ratio of grams per kilogram of sea ice (or its melt), that is, in
parts per thousand (%o or ppt, also psu, “practical salinity unit”, more or less equivalent to ppt).

Ice salinity is obtained by measuring the electrolytic conductivity of melted samples cut from ice
cores. When extracting ice cores, care should be exercised to minimize brine drainage. While in situ
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techniques also exist, these are not in widespread use. Ice surface salinity can also be estimated from
satellite microwave sensors through relationships established based on direct measurements.

In sea ice, there is usually some salinity variation with depth in the ice sheet. This depth dependence
of the salinity changes throughout the winter as the salt within the ice migrates downward through
the ice. While there can be marked salinity variations even within a small sample, the average salinity,
expressed as parts per thousand by mass, of a cold, growing ice sheet is related to the ice thickness (see
Reference [29]):

s=4,61+¥ (A4)

where

S s tIe salinity, expressed in %o or ppt;
h isthe ice thickness, expressed in metres.

For decaying ice, much of the brine has drained and the salinity can typically rdnge from close to|zero
up to 4 ppt (see Reference [30]).

The brine v¢lume fraction for sea ice can be determined from salinity and temperature, see ISO 19906.
A.12.7.3 D¢nsity
There are several different methods to measure the density-of ice. The most common technique is
the mass/vglume technique by which an ice block is cut froman ice sheet and trimmed to a standard

size, which provides the volume, while weighing the sample provides the mass. The ice density is|then
calculated agcording to Formula (A.5):

pi=— (A.5)

pi isthe density of the ice sample;

V  is the volume of the ice sample;

M is the mass of the jeeZSample.
Measurements done by-alarge number of researchers (see Reference [31]) show that
— the sea |ce density ranges between 720 kg/m3 and 920 kg/m3,

— in situ sea’ice densities are different above and below the waterline,

— above the waterline, sea ice density ranges from 840 kg/m3 to 910 kg/m3 for first-year ice and from
720 kg/m3 to 910 kg/m3 for multi-year ice, and

— below the waterline, sea ice density is more consistent, ranging from 900 kg/m3 to 920 kg/m3 for
both types of ice.

A.12.7.4 Keel porosity

A first-year ice ridge or rubble field consists of a sail and a keel, which is further subdivided into a
consolidated layer and the underlying unconsolidated rubble. The sail and the rubble are porous
features with a non-zero macro-porosity, whereas the consolidated layer has zero macro-porosity.

Keel porosity is defined as the volume of voids divided by the total volume of the rubble in the keel.
Porosity can be estimated by drilling vertically through the rubble and recording the ranges of depths
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where there is no resistance to the drill. Lack of resistance can be interpreted as a void between ice
blocks. While both mechanical and thermal drilling can be used, the latter technique is more practical
at depth. Volumetric porosity can be estimated from the length of voids and weak ice versus the total
length of the drilled holes. A typical hole diameter is about 5 cm. Since rubble porosity estimates using
the length ratio can potentially underestimate volumetric porosity, the test method should be verified
and any necessary corrections should be applied.

Local measurement on a number of ridges and rubble fields is recommended because of significant
variations in porosity, both within individual rubble features and from one feature to the next. Ridge
keel porosity can be influenced by the buoyancy induced pressure between ice blocks. The keel
porosity typically increases with depth, starting from 0,1 or 0,2 just beneath the consolidated layer

and :l'ncreasmg to U4 or U,5 at the Keel bottom. The porosity of FY ridge Keels can potentially decrease
duripg the summer melt season.
A.13Icebergs

A.13.1 General
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hg all aspects of an arctic operation, the requirement for accurate data'collection and dog
e presence of icebergs is vital for building a database which canbe used in the plannin
ure operations. The data collection should result in the following:

long-term time series of iceberg areal density for a specifi€ location and a larger region|

gtatistical information on the median, and maximum;annual distribution and type of i
gpecific location and a larger region of interest.

mation regarding the presence of icebergssshould be collected from all structures
fe cycle of the project, including exploration rigs and production facilities. Date and
Fvation as well as the confidence level ©f the data should be collected. During data
rg positions, corresponding environmental (current profiles, winds, wave heights ar

air and water temperature) informatior’ should be collected. The frequency of iceberg

colle

ction should be commensurate with the determined threat and proximity to the fac

umentation
b and design

of interest;

ebergs for a

involved in
time of the
Follection of
d direction,
information
lity. Ideally,

positions should be obtained houxly or more frequently if required. The types of data to pe collected
should include:

a) location (latitude andlengitude, in decimal degrees);

b) above waterline ditménsions;

c) draft;

d) ghape indices;

e) 4Jbovewater and underwater profiles;

f) rotiing/catving events;

g) images or photographs;

h) drift speed and direction.

The detection, and collection, of iceberg information can be obtained by various methods, including:
— aerial reconnaissance;

surface observations from ships, platforms and other structures;
sub-surface profiling sonar;

drifter buoys;
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radar detection;

— satellite imagery;

other devices, such as infrared cameras.

Airborne observations can provide tactical information about the iceberg conditions updrift of the
project site, when weather conditions permit. They can be useful for providing local ice information
at a higher spatial and temporal scale than permitted by satellite imagery, and can be used as a means
of verifying satellite radar targets. Flight plans should be developed and approved by all end-users
at a frequency that is commensurate with the iceberg distribution in the region of interest. Flights
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erg observers on vessels and platforms can provide information about jceberg condi
Kimity to the operation. Visual imagery and marine radar can aid in sunface observatig

profiling sonar can provide information on iceberg maximumdraft and keel shape
bd by the sub-surface profiling sonar are useful for providing information on local icq
keel geometries and maximum drafts, which can be used{to estimate regional icq
I to or during offshore operations, to assist with operationalplanning, design of towing
sign of facilities. Ground-penetrating radar can also be.uséd to provide iceberg draft d:
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wiers or distinguish icebergs surrQunded by pack ice. Specialized radar systems config
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rhere aerial reconnaissance is not a viable option, high-resolution optical satellite im4
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Table A.16 provides a list of typical iceberg parameters for offshore operations, while Table A.17
provides a list of typical parameters for design. Neither is intended to be comprehensive. Careful
consideration should be given to understanding the local and regional iceberg environments and their
effect on operations and design. For operations, the parameter list should focus on detection, location,
distance from operation, drift, presence of sea ice, towing considerations and size. For design, the
parameter list should include, as a minimum, the parameters associated with detection, management,
local actions and global actions.
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Table A.16 — Iceberg parameters of relevance for operations (example)

imagery, marine
radar with ice
processor, tracking

Feature Parameter |[Measurement Frequency Spatial Accuracy |(Comments
details resolution
Spatial Number of |Obtain from high- |Atleastdaily |Represent- |1iceberg |Should be
density icebergs per |resolution satellite ative area performed as
square imagery and of 1 degree historical analysis
kilometre or |marine radar with square (or for operations
nautical mile |ice processor, about 100 km planning in
aircraft x 100 km) addition to
observation monitoring during
operation, also
considdr
frequerjcy of
incursipn into
the reglon of
interes
Location |Latitude/ Obtain from high- |Atleasthourly 100mi-for |For operations
(neafest |longitude resolution satellite significant- |plannirng, consider
icebg¢rgs) |coordinates |imagery and ly-better for |inter-apnual
marine radar with estimating |variability in
ice processor, or drift speed |frequer|cy of
tracking beacons, from iceberglincursions,
aircraft hourly locations, also
observation positions) |considgr
variability during
operatipns
Physdical Visual Opacity Potentipl
statd appearance implications for
strength and
deteriofation
Drift Drift speed |Obtain from high-, [Atleasthourly 0,1 kts Measurement and
resolution satellite forecask;
imagery, marine Variability in
radar with-ce speed and
processer,tracking standard statistics
beacdns (mean, median,
maximfim,
standayd
deviatipn);
Meandgr
coefficipnts
Drift Obtain from high- |Atleasthourly 1° Measurement and
direction resolution satellite forecask;

Variability in
directign and
statistifs (mean,

beacons

median, maximum,
standard deviation)
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Table A.16 (continued)
Feature Parameter |Measurement Frequency Spatial Accuracy |Comments
details resolution
Iceberg Waterline Use digital single |Initially and 5m Consider variability
dimensions |length lens reflex (SLR) after rolling/ and standard
photography if calving events statistics (mean,
possible median, maximum,
standard deviation)
Maximum Perpendicular to Initially and 5m Consider variability
width length after rolling/ and standard
L,a}vius CVClltD Dtatibtik,b (ulca]ﬂ,
median, maximum,
standard(deviafion)
Maximum Relative to water |Initially and 5m Consider'varialility
draft surface after rolling/ andstandard
calving events statistics (mear,
median, maximum,
standard deviation),
and grounded gr
ungrounded stdte
Maximum Relative to water |Initially and 2m Consider variahility
sail height surface after rolling/ and standard
calving events statistics (mean,
median, maximjum,
standard deviafion)
Iceberg Above-water |Classify visually Initially and Consider variability
shape profile after rolling/ in shapes
calving events
Underwater |Scanning or multi- |Initially.and Consider variability
profile beam sonar after rolling/ in underwater
calying events profiles
Iceberg Estimate using Initially and 5 % to 10 % | Consider variahility
mass standard after rolling/ and standard
formulations based |calving events statistics (mean,
on dimensions median, maximum,
and shape standard deviafion)
Iceberg [.ocation; Same asfor location|As required 100 m
grounding |water depth
Iceberg [.ocation; Tow data inferred |Hourly 100 mon |Time series while
manage- kow force; from vessel data position; under tow; reagons
ment fow speed; 10 % to for end of tow
tow direction 20 % on
tow force,
speed; 5°
on tow
direction
Presence Obtain from Atleast hourly Consider variability
of seaice satellite imagery, and standard
visual observation, statistics (mean,
aircraft median, maximum,
observation, standard deviation)
marine radar with in sea ice drift
ice processor, speeds, directions,
record sea ice thicknesses,
location, drift concentrations,
speed and direction masses and drift
speeds and direc-
tions of icebergs in
seaice.
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Table A.16 (continued)
Feature Parameter |Measurement Frequency Spatial Accuracy |(Comments
details resolution
Presence Obtain from high- |Atleasthourly Consider variability
of resolution satellite and standard
growlers imagery, visual statistics (mean,
and bergy observation, median, maximum,
bits marine radar with standard deviation)
ice processor, in sizes/masses,
aircraft spatial density,
observation drift speeds and
record growler/ direetigns
bergy bit location,
drift speed and
direction if possible
Iceb¢rg Record all rolling Considgr variability
stablility events for each in freqyencies of
iceberg rolling gvents for
different iceberg
shapes,|sizes
Icebgrg Season Based on minimum Considgr inter-
seaspn length iceberg presence annual variability
in terms of spatial in seas¢n length
density for operations
planning
Table A.17 — Iceberg parameters.ofrelevance for design (example)
Feature Parameter Measurement details |Commentsa
Spatjal density | Number of icebergs per square ()| Obtain from high- Mean and maximum HRistorical
km or n.mi. resolution satellite values, historical probability
imagery and marine distribution
radar with ice
processor, aircraft
observation
Drift Drift speed Obtain from high- Mean and maximum }istorical
resolution satellite values, historical probability
imagery, marine radar |distribution
with ice processor,
tracking beacons
Drift direction Obtain from high- Joint probability densfty function
resolution satellite with drift speed; predominant
imagery, marine radar |directions
with ice processor,
tracking beacons
Iceberg Waterline length Use digital single lens Maximum historical values,
dimensions reflex (SLR) historical probability
photography if distribution.
possible
Maximum width Perpendicular to length |Historical probability distribution,
correlate with waterline length
Maximum draft Relative to water surface [ Maximum historical values,
historical probability
distribution, correlate with
waterline length
Maximum sail height Relative to water surface | Historical probability distribution,
correlate with waterline length

a  Statistics, characteristic values, probability distribution, correlated parameters.
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Table A.17 (continued)

Feature Parameter Measurement details |Commentsa
Shape (block coefficients, Above water - digital
vertical or horizontal profiles, photogrammetry;
or full shape) Below water - profiling
sonar;

Need for reference
points on iceberg to
correct for iceberg and
sensor platform motions

Iceberg mas Catevtatedfromvohamreand Yohmrecateutatedfromr—tistorieat 1228 ubalui}it_y distrib tion,
density above water and correlate with waterline length

underwater profiles

Iceberg seaspn |Season length Based on minimum Mean and maximum historicgl
iceberg presence in values, historica] probability
terms of spatial density |distribution

Iceberg Incursion distance relative to Historical probability distribyition

location shoreline or edge of structure,

historical frequency of incursion
into region of interest

Waves Significant wave height; period. |Measurements or Tifne series; joint probability
hindcasts verified with~density function weighted by
local measurements iceberg frequency

Currents Speed, direction, vertical profile |Measurements or Joint probability density function,

to maximum iceberg draft hindcasts verifiedywith |weighted by iceberg frequencfy
local measuréments and potentially integrated
through iceberg depth

Presence of §ea |Sea ice edge; concentration Obtain frem high- Mean and maximum historicgl

ice resolution satellite values of concentration,
imagery, visual thickness, drift speed and
observation, aircraft direction of sea ice, mass and
observation, marine drift speed and direction of
radar with ice icebergs in sea ice, historical
processor, record sea probability distributions

ice location, drift speed
and direction

Presence of Position; position-relative to Obtain from high- Mean and maximum values of

growlers andl |parenticeberg; areal density; resolution satellite spatial density, size/mass, drift

bergy bits drift speed and-direction imagery, visual speed and direction, historicdl
observation, marine probability distributions

radar with ice
processor, aircraft
observation

a  Statistics| characteristic values, probability distribution, correlated parameters.

Iceberg information can be obtained from actual observations from the region of interest, from medium
or high-resolution satellite imagery or historical data. If iceberg data are unavailable in the region
of interest or local data records are less than 10 years in length or do not accurately represent the
expected iceberg conditions, information from nearby locations/regions, which have more significant
archives with similar iceberg environments can be used. If data are obtained from nearby regions,
any assumptions and uncertainties in the application of these data to a different region should be
carefully documented. Consideration should be given to the collection of iceberg data updrift and from
the source glaciers, particularly when assessing potential for deep drafts and large plan dimensions.
If site-specific wind, wave or current data are not available, data from the closest offshore station or
data from a hindcast model could be considered. If a hindcast model is used; proper calibration against
records should be documented.

A significant factor in determining site-specific and regional iceberg climatology is that there is a
significant inter-annual variability in parameter distributions, including the types (sizes and shapes)
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and areal density. Multiple glacier calving events occur each year; however, their frequency can vary
significantly on a seasonal basis, which can have an impact on the distribution of icebergs in the region.

Prior to any offshore operations commencing in regions prone to icebergs, a historical study should be
completed, using all available sightings from previous offshore programs and reconnaissance survey
missions (either airborne or satellite) for the project location or region of interest. Data to be collected
and analysed can include:

a) 1

ocation;

b) waterline dimensions;

¢) maximum draft;

d) 9

hape;

e) drift speed and direction;

f) f

ull profile;

g) jresence of bergy bits and growlers;

h) 4
A.13
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.2 Iceberg location and areal density

status should be supplemented with relevant information including details of the towin
orce applied, direction of tow force, time to secureficeberg, duration of tow, reason for

reason for end of tow and details of repeated tow~attempts. Similar information should
[her physical management techniques such as-water cannons.

een validated for the region of interest.

h estimating iceberg areal defisity, the smallest recorded iceberg size can be
pbservational technique, whether visual, marine radar and satellite sensor or by
rements.

.3 Size, shape and stability
rg length is the maximum waterline dimension.
rg width is the'maximum waterline dimension perpendicular to the waterline length.

rg height is'the maximum vertical distance from the mean waterline to the elevation o
on the\ceberg, also termed freeboard or sail height.

g operation,
indertaking
be provided

ger-term seasonal iceberg conditions forecast model can be used if such a model is ayailable and

dictated by
the design

f the highest

Icebd

rgdraft is the maximum depth of the iceberg relative to the mean waterline.

Table A.18 lists the seven internationally recognized iceberg size classes based on sail height and
waterline length (MANICE[18]) In the event of a conflict between these definitions for a particular
iceberg, waterline length can be used as the determining factor.

Table A.18 — Iceberg size categories (MANICEI16])

Description Sail height Waterline length

Growler <lm <5m

Bergy bit Imto<5m 5mto<15m

Small iceberg 5mtol15m 15 mto 60 m
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Table A.18 (continued)
Description Sail height Waterline length
Medium iceberg 16 mto 45 m 61mto 120 m
Large iceberg 46mto75m 121 mto 200 m
Very large iceberg >75m >200 m

For visual re-identification as part of operations, icebergs can be categorized based on the size
categories in Table A.18 and on a shape categorization such as the one shown in Table A.19. Iceberg
terminology should follow standard and documented practice and new terms should be properly

defined and_documented. Some jicehergs will not fit uniquely into one these categaries, particularly
when multiple views are available. It is emphasized that the MANICE[16] shape classification if not
generally of|use for design and measured above-water profiles should be used.
Table A.19 — Iceberg shape categories (MANICEI[16])
Category Description
Tabular Flat-topped iceberg with vertical sides; usually very stable; however, tabular icebergs are typically
among the largest in size
Pinnacle Large central spire or pyramid or one or more spires dominating the'shape
Dry-dock Eroded such thatalarge U-shaped slot is formed with twin colunins or pinnacles; slots extend into
the iceberg or close to the water
Wedge Iceberg with one side usually at sea level
Dome Smooth, rounded iceberg
Blocky A block-like shape, tall iceberg with vertical sides;similar to a tabular iceberg, but much higher
A quantitative measure of iceberg shape is the ratio ofthe volume of the iceberg to the volume df the
rectangular|prism (or cuboid) that contains it. This, ratio, sometimes termed the block coefficiept, is
generally defined for the above-water portion but can also be defined for the underwater portion ¢r for

the entire id
length x wa
directions, f
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portion or fi
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eberg. The above-water block coefficient is calculated as above-water volume / (watg
Ferline width x height). Since icebergs are often only viewed from one or a small num}
rojected areas can be used as measures of size and shape. The waterplane area is calcu
bjection in the plane of the-Wwater surface, while many different projected areas exist i
e depending on the viewpepint. Iceberg volume can be estimated using one or more proj¢
proximate shape measures, such as area block coefficients. In the plane of the water suf
[k coefficient is caleulated as projected area / (waterline length x waterline width).

s is generally inferred from estimates of volume and ice density, either for the above-v
pbr the entirede€berg. Hydrostatics can be used to relate the above-water and undery
n iceberg:

b stahility of an iceberg with respect to rolling can be calculated from full three-dimens
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Using marine radar to determine the range from the observation point, above-water dimensions can
be estimated visually and by using known vessel or offshore structure dimensions for scale. More
accurate methods for determining above-water dimensions, such as digital imaging with appropriate
geometrical corrections, are generally recommended.

Although statistical methods have been developed to estimate the maximum draft and mass of icebergs
based on above-water dimensions, more accurate data from sonar measuring devices should be used if
possible.

In the absence of direct measurements, the draft of grounded icebergs can be estimated reliably based
on bathymetric data. A grounded state can be ascertained by repeated position measurements that are
within the positional accuracy of the measuring system.
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Potential uses of iceberg shape data for design include:
iceberg hydrodynamics (on approach and subsequent to impact);
contact location and moments of inertia;

progression of contact area between ice and structure (following impact).

estimation of impact frequency (matching iceberg and facility dimensions, including topsides);

Each of these uses requires detailed iceberg shape data. Above-water profiling can involve imaging
from multiple viewpoints, stereo photogrammetry or laser profiling. Underwater profiling can

inv{c:lze multibeam or scanning sonar, whether mounted to a ship, [owered through the wi
or mounted to a surface or submersible vehicle. Regardless of approach, important aspe
meagurement include the re-identification of surface points on the iceberg from multipl
scalipg based on the relative positions of the sensor and the iceberg, often involving icebe
rotatlion over the survey period.

Sincd
obta

it is only feasible to measure a small proportion of the iceberg population, the ch
n a representative and unbiased sample. This process can involve/distinguishing
with|different characteristics, such as ice islands and other icebergs and-treating aspects o
independently. Within distinct populations and size ranges, it cancbe useful to assume s
geonpetric similarity, potentially scaling measured shapes or profiles according to wate
or difaft. Scaling to waterline length, for which many measupements exist and for which s
intertannual biases have been resolved, can potentially provide for a more representative p
icebgrg shapes.

Local
and 1

| iceberg shape is of particular importance because it relates directly to the nominal
herefore the load imparted to the structure_fsee ISO 19906). Characterization of loc
potentially involve actual measured surface points, horizontal or vertical profiles and fu
relating distance normal to the surface and-projected area. For structure design purpos
usefyl to express the data or derived relationships statistically.

A.13.4 Iceberg drift

The following information can be-determined from historical information:

easonal drift speed statistics (and distributions);

inter-annual trends-ih mean drift speed and predominant drift direction;

redominant,ite drift directions and mean drift speeds for the planned operating seasd
n assessmeit of their variability within the operating period.

Driftl speed-and direction can be inferred from successive position measurements. Effo1
made¢ toobtain hourly position fixes, thereby ensuring that tidal and inertial contributions
captyired adequately. Direction should be estimated to an accuracy of one azimuthal degre
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Iceberg drift speed and direction depend on the local wind, wave and current fields. Regiona
and the effects of iceberg size and water depth can also be characterized.

A.13.5 Metocean and sea ice context

Metocean and sea ice context include, but are not limited to:

wind;

waves;

currents;
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— air and water temperatures;

— atmospheric parameters (including fog, cloud cover, and precipitation);

— seaice (concentration, floe size, thickness, landfast state).

These parameters can influence detection, drift (including forecasting), deterioration, physical
management, vessel transit and impact situations associated with operations and design in waters

where icebe

rgs are present.

If site-specific wind, wave and current data are not available, data from the closest offshore station or
data from a hindcast model can be used. If a hindcast model is used, proper calibration against available

records sho
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sical properties

mperature

perature can potentially be used for the estimation of deterioration rate and ca
well as for the estimation of mechanical properties. Iceberg\core temperature is contr
ical environment in which it was formed, while surface temperatures are governg
conditions. Typically, core temperatures are relatively constant and there is a
e gradient within a metre or so of the iceberg surface. Temperatures near the surfac
y the air and water temperatures (and other convection related parameters), radi
d mechanical calving processes. As a result, surface temperatures are highly variabl

nsity

of iceberg ice is typically used to-relate volume and mass. Density is governed prim
nce of voids (air and other gas bubbles), but also by impurities in the ice (atmospher
particles, biological matter, sediments, and rocks).

1sity and variability within individual icebergs and across the iceberg populatior
based on site-specific'measurements or using data from icebergs or glaciers tha
ve of the same population.

hce of measuied data, an iceberg density of between 890 kg/m3 to 900 kg/m3 cg
hile pure icethas a density of approximately 917 kg/m3 at 0 °C, the density of iceberg
of air trapped within. The presence of silt and rocks within the ice matrix can yield gr
hile thepresence of large quantities of air can lead to lower densities.
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A.14Sno

yrandiceaccretion

A.14.1 General

Snow and ice accretion involve build-up on the surface of an object and can involve additional loading,
changed shape, obstruction, or altering of friction properties. Effects and associated risks that can
influence structure integrity, operation, HSE and EER characteristics include:

a)
b)
c)
d)

86

consequences of increased weight (on stability or structural integrity);
consequences of skew loading on heeling of structures (in particular, semisubmersible rigs);
slippery decks, ladders, and handrails;

malfunctioning winches, derricks and valves;
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e) falling ice endangering the workplace;

f) communication and measuring equipment not working due to ice on antennas or measuring
devices;

g) evacuation routes blocked;
h) life-saving and fire-fighting equipment rendered unusable;
i) increased size of structural members causing higher lateral wind and wave forces;

j) increased size of structural members causing vortex generation and severe vibrations;

k) teduction of ventilation capacity.

Alth¢ugh this document is limited to snow and ice accretion data, it is neither always |easy nor practical
to diptinguish between data, e.g. icing thickness on a reference object, and actions) e.g. icing load on a
particular object.

Gengral recommendations for snow and ice accretion include the following:

— Develop data for reference objects and conditions. These data can*be used both for vallidation and
enchmarking purposes as well as for further refined analyses.

— During the early design stages, simplified snow and icingestimates can be used such ag provided in
ORSOK N-003[14].

— Irom the front-end engineering design (FEED) project stage, advanced (numerical) anplyses using
est available methods should be used for a particular structure. Credibility of the results should be
emonstrated by proper stage-wise validationtof the model and input data.

A 6-hour or better data collection interval is~recommended during accretion events. Reference [32]
provjdes examples for data collection, reporting and storage.

Examples of parameters required for:show and ice accretion are summarised in Talple A.20 for
operptions and in Table A.21 for design.

A.14.2 Snow accretion

A.14{2.1 Classification

Whether precipitation’reaches the surface as rain or snow depends on the temperature profile in
the gtmosphere.Jemperatures in the 850 mb layer have to be below 0 °C for snow crystals to form.
If temperatures\below this altitude are above 0 °C, falling snow crystals melt again and dleet, rain or
freezing rainean form. Snow is most likely to form when the whole column up to 850 mb is below
freezing,

Wet [snew forms when the surface of the snowflakes melts. This happens where the wet-bulb
temperature is above 0 °C. This means dry snow can exist at temperatures above 0 °C, if the relative
humidity is below 100 % (see Reference [33]). A major difference between wet and dry snow is that wet
snow adheres more readily to surfaces and can accrete on vertical surfaces and small objects whereas
dry snow would simply bounce off.

Snow density depends on parameters such as temperature during formation and during and after
deposition, grain shape and size, overburden pressure, wind speeds and liquid water content. The large
variability of density is important when converting precipitation amounts to snow depths.

Wind not only increases the density of the snow pack, but also redistributes the snow, thus increasing
snow thickness in some places while reducing it other places. In general, snow is eroded by wind from
areas of high velocity and deposited in areas of low velocity (lee zones). The wind flow around an object
therefore defines how deposited snow will be distributed.
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EN 1991-1-3[11] provides further information on classification and properties of the snow.

For offshore snow events in open water, the ocean will act as a sink for snow particles landing outside
of the structure. In contrast to locations onshore or in coastal regions, offshore structures will not
typically be affected by wind-drifted snow from nearby locations. Snow loads estimated by accumulated
precipitation will generally be conservative as significant amounts of the snow falling on the structure
will be blown off. In design, the effect of wind drift can be taken into account by the use of calibrated
and verified snow drift models.

Table A.20 — Snow and ice accretion parameters of relevance for operations (example)

Feature Parameter Measurement |Frequency |spatial Accuracy |Comments
details resolution
Accretion Type Snow;sleet, dea
spraycing,
atmospheric
icing
Reference As per Elevation; fr¢m
location requirements site plans
Thickness 3-h Defined 1mm More frequejlt,
reference where relevant
locations
Density Defined Asrequired | Average for dvent
reference
locatioms
Salinity Where applidable
Horizontal Presence/no Defined Asrequired
extent presence reference
locations
Associated | |Surface Surface
conditions [ |condition geometry
(inclination,
diameter if
slender element)
roughness, rust,
or type‘of
surface coating
Active Means of
mitigation removal
Passive Documentation |[Event Solar radiati¢n;
mitigation of energy heat source
transfer
mechanisms
Vessel Speed, heading |As per log Loading
conditions;etc.
Wind Speed, direction |3-h Bias; sheltering
Air Elevation 3-h
temperature
Water 3-h
temperature
Precipitation |Specifictotype |3-h
of accretion
Wave Height, period, |[3-h
direction
Humidity 3-h
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Table A.21 — Snow and ice accretion parameters of relevance for design (example)

Feature Parameter Measurement details |Commentsa
Accretion Type
Reference location Elevation, sheltering
Thickness Statistics; probability distribution;
extremes; correlation with associated
conditions
Density Statistics; probability distribution;
correlation with associated conditions
Salinity Statistics, correlation with agsociated

conditions

Horizontal extent

Assdciated condi-
tions

Surface condition

Surface geometry (e.g.
inclination, diameter
if slender element)
roughness, rust, or
type of surface coating

Passive mitigation

Average'or statistics; associated with

measures aecretion measurements
Vessel Speed, heading
Wind Speed, direction
Air temperature
Water temperature
Precipitation Specific to.type of
accretion
Wave Height, period,
direction
Humidity

a  {tatistics, characteristic values, probability distribution, correlated parameters.

A.14{2.2 Data collection

No additional guidance is(offered.

A.14{2.3 Analysis and’presentation

Spatial variability of snow accumulation for a particular structure should be evaluated. Spow actions
should includeJocal peaks and background mean loads.

All autémated rain gauges (pluviometers) are affected by wind. In particular, precipitation
meagurements of snow are significantly underestimated during strong wind events. Scientists from the

Norwegian Meteorological Institute (NMI), Statkraft and the Norwegian Water Resources and Energy
Directorate (see Reference [34]) have performed detailed measurements of precipitation over a period
of three winter seasons in the high mountains in Norway. The results displayed a clear temperature
dependency and a non-linear relationship with wind speed.
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Two correction formulae for precipitation in the form of snow when measured in connection with
temperature and wind are provided in Formulae (A.6) and (A.7). For wind speed measured at the same
height as the pluviometer, the true precipitation can be estimated from:

bt

:pm
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U ist
T isa

For wind sp

pt :pm

where

U1g is W
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is the true precipitation;

is the measured precipitation;

e measured wind speed in metres per second;
r temperature in degrees Celsius.
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.6) and (A.7) are recommended fortémperatures below 3 °C.

Snow accun
10-4 can be
relevant prq
10-4 levels.

Actions fron
Snow precip

a) locallyq

julations on flat surfaces conrresponding to annual probabilities of exceedance of 10—}
estimated by identifying-the maximum accumulated snow mass each winter, fitt
bability distribution, e;g.;-Gumbel, to the annual extremes and extrapolating to 10-3

h accumulated spow Tesult from the combined snow precipitation and snow drift procd
itation can beéstimated from, in prioritized order:

ecorded snew data;

m:

(A.7)

and
ng a
and

SSes.

[ °C);

ow if

b) recorded local,precipitation together with information on air temperature (snow if T less than +

c) precipitjation from calibrated hindcast data together with information on air temperature (sn|
T less than +1 °C);

d) tabulated values, e.g. EN 1991-1-3[11],

Actions from accumulated snow (both locally and globally) can be estimated from, in prioritized order:

1) locally recorded snow data;

2) numerical simulations of snow drift processes (including assessments of blow-off, erosion and
accumulations);

3) tabulated values, e.g. EN 1991-1-3[11],

Assuming snow accumulation over an entire winter season can give over-conservative estimates of
snow mass. This is partly due to the fact that all snow blowing off a structure will disappear when
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hitting the sea surface (unless there is a continuous ice sheet) and partly due to melting during periods
with high temperatures. There will therefore be a continuous snow reduction process in parallel with
subsequent snow fall events and consideration should be given for characterizing the reduction process.

A number of models exists for estimation of temperature effects, including References [35], [36], [37],
[38] and [39] addressing the effect of wind drift. Accurate effects of wind drift are difficult to estimate
without modelling all structure details and the ability to run computational fluid dynamics simulations
for several snow-wind events.

At an early stage in a development project (before FEED), the following simplifications can be made
when estimating extreme and abnormal snow accumulations. The annual maximum snow accumulation

can
perid

If at
a baj
temp
cons

Jd o L rad Lo+l 2 £ o f 4 H 1 £ L£o11s
C doosullitu tu uT'1 Cl}l CoCllItTu U_y LIIC TITAdATIIIUIIT AITTUUIIL UL VWdlUl cqulvcucut lqllllls ao

d of 10 d.

ime series with precipitation and air temperature at 6-hour intervals (for_exampld
is, the snow precipitation can be calculated by summing up the amountofwater f;
eratures below a certain threshold for 10-day intervals. This is done™“for each t
dering data within the next 10 d ahead. By selecting maximum values fox-€ach winter

SNNIOW OVEr a

) is used as
hlling under
me step by
and fitting a

Gumbpel distribution to the annual maximum values, extreme and abnormal estimates can|be made by
extrapolation.

A.14.3 Atmospheric ice accretion

A.14{3.1 Classification

ISO 12494 provides further information on classification, and properties of atmospheric icipg.

A.14{3.2 Data collection

A.14{3.2.1 Prior to operations (in design'and planning phase)

Wheh planning operations in arctic-regions, specific attention should be given to risks related to
atmdspheric icing as these differ from’other metocean and ice risks and are not necessarfly captured

when considering action and action’ effects. Atmospheric icing can affect operation of eq

Vessq
centy

s and platforms. Since it'can form high up on structures, it can decrease stability by
e of gravity. Atmospheticicing can also cause complications for aircraft operations. F3

[uipment on
' raising the
lling iceis a

welldknown phenomenon(and potential risks should be assessed prior to any operation.

A.1443.2.2 During.operations

The thickness ofiice accretion should be collected on at least

ers: 1 cm to

flour vertical surfaces (two different elevations and members with different diamet
1 m}, and

one horizontal surface.

A.14.3.3 Analysis and presentation
An estimate of sleet accretion on the structure can be found in the following manner.

a) A time series of the sleet precipitation is constructed based on the hindcast data set. Sleet is
defined as the precipitation falling at air temperatures between -1 °C and +1 °C. The effect from
local variations in collision efficiency should be included.

b) For each continuous sleet event, the temperature after the event is checked. If the temperature

drops below -1 °C, it can be assumed that the sleet of this event accumulates on the structure, i.e.

refreezes. If the temperature does not drop, it can be assumed that the sleet of this event does not

accumulate on the structure.
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c¢) Amounts from consecutive sleet events with successive freezing can be added unless thereisa 24 h
period of air temperatures above 0 °C in between events.

Refrozen sleet will usually fall off or melt after 24 h of air temperatures above 0 °C.

Conditions for formation of super-cooled cloud drops and occurrence of in-cloud icing can be set to:
— -2°C<T<-10°C;

— relative humidity >92 %; or

— no precipitation.

In the tempgrature range 0 °C to -2 °C it is assumed that droplets colliding will not freeze due tg release
of latent frefzing heat and, in case of precipitation (snow), it is assumed that the clouds will'disqolve.
Theoretically, the relative humidity for saturated conditions should be 100 %. Fog observations [from
meteorolognLcal stations in the arctic regions suggest a conservative limit for saturation©f92 %.

Based on thijis criterion, in-cloud icing events can be estimated from the hindcast dataset. Time series
of in-cloud iring can be constructed using, for example, the methodology preserted in References|[40],
[41] and [42].

A.14.4 Sea|spray ice accretion

A.14.4.1 Classification

Icing caused by freezing sea spray is widely reported and usually the most serious form of icing af sea.
Ice accretion by sea spray depends on the following parameters, e.g. Reference [43]:

a) wind speed;

b) air temperature;

€) sea watpr temperature;

d) wave hgight and period;

e) geometry of the structure and response to waves;
f) speed of the vessel, where relevant.

The main prjocesses in sea spfay icing are:

— spray gé¢neration;

— spray tifansporgrand

— ice acculmulation by freezing of water.

Sea spray icing has two main sources: white cap spray and interaction spray.

White cap spray is connected to wind-wave interaction and is expected to increase strongly at high
wind speeds when spume droplets are formed.

Interaction spray is formed when waves interact with a structure and produce a spray cloud. Interaction
spray factors such as vessel shape, size, and heading relative to the wind play an important role in the
patterns of spray produced under a given set of meteorological conditions.

At present, there are no empirical or analytical methods that accurately predict sea spray icing on a wide
range of vessels and structures. The approach presented in Reference [44] has been used traditionally
for estimation of sea spray icing potential for small-to-medium size vessels. Numerical calculations of
varying complexity have been used during the recent years to estimate sea spray icing on different
offshore structures. However, the validation of the numerical calculations is generally limited.
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