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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a

technical

committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in

the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainte
degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documént may be the
patent rights. ISO shall not be held responsible for identifying any or all su¢h’patent rights.
any patent rights identified during the development of the document will be‘in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an
conpstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific t
expressions related to conformity assessment, as well as information about ISO's adhere
Warld Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT), see ww
isof/foreword.html.

Thjs document was prepared by Technical Committee ISO/TC 67, Materials, equipment an
strjuctures for petroleum, petrochemical and>natural gas industries, Subcommittee SC 7
strjictures.

Aljst of all parts in the ISO 19901 seriéscan be found on the ISO website.

Antﬁ; feedback or questions on this document should be directed to the user’s national standar
cofnplete listing of these bodies-can be found at www.iso.org/members.html.
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Introduction

The general objective of a marine site investigation is to provide information about the seafloor, the
sub-seafloor and geological processes affecting both, geohazards, and human-made objects at or
below the seafloor. Marine site investigations can encompass both marine soil investigations and
marine geophysical investigations, as shown in Figure 1. This document provides requirements for
marine geophysical investigations to support oil and gas developments offshore, is complementary to
ISO 19901-8 on marine soil investigations, and provides guidance on the integration of both types of
investigations.

Marine Site Investigations

v v
Marine Soil Investigations . \ 7.
1S0 19901-8 Other Marmein&g%atmns
¢—l ______ v
Soil Rock

Figure 1 — Marine geophysical investigations as part of marine site investigations.

NOTE Subjects denoted in grey boxes in Figure 1 are neither coveréd in ISO 19901-8 nor in this documént.
However, mharine geophysical investigations can provide informationabout soils and rocks, whereas rocks pre
only covergd by ISO 19910-8 to the extent that ordinary marine soil iivestigation tools can be used, e.g. for chalk.

Marine sife investigations for a specific project can cemprise both geophysical and geotechnical
investigatjons, depending on project scale and complexity. It is common practice to conduct firgt a
marine gdophysical investigation, sometimes in combihation with a limited marine soil investigatjon
consisting of shallow soil sampling and/or in situ-testing. A more extensive marine soil investigatjon
is often c¢nducted at a later stage. In some cases, a marine site investigation can consist solely df a
stand-aloIe geophysical survey that has a.specific and limited purpose. A marine site investigatjon
can also cpnsist solely of a stand-alone marine soil investigation, for which details on soil investigatjon
equipmenf and procedures are provided in ISO 19901-8.

Particularfobjectives of a marine geophysical investigation should be addressed in project specificatidns,
which shquld specify desired investigation depths, desired resolutions (horizontal and vertical), gnd
whether the objective is to illurhinate the seafloor and/or the sub-seafloor. Caution is necessary| in
the select]on of the type of equipment to be used, and operational parameters for that equipment| in
order to rheet those desired depths, resolutions, and illumination targets, particularly because local
site condifions can affect the abilities of certain equipment to meet those objectives. This documpnt
includes djiscussion-ef the selection and operation of appropriate geophysical equipment.

Marine gefophysical investigations and marine soil investigations can be (and often are) carried ouf as

In this document, the following verbal forms are used:
— “shall” indicates a requirement;

— “should” indicates a recommendation;

— “can” indicates a possibility or a capability;

— “may” indicates a permission.

Annex A provides additional information intended to assist the understanding or use of this document.
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Petroleum and natural gas industries — Specific
requirements for offshore structures —

Part 10:
Marine geophysical investigations

1 | Scope

Thjs document provides requirements and guidelines for marine geophysical investigatiions. It is
applicable to operators/end users, contractors and public and regulatory authorities concerned with
mdrine site investigations for offshore structures for petroleum and natural gas industries.

Thjs document provides requirements, specifications, and guidance for:
a) | objectives, planning, and quality management;
b) | positioning;

c) | seafloor mapping, including instrumentation and acquisition parameters, acquisition mefhods, and
deliverables;

d) [ sub-seafloor mapping, including seismic instrutientation and acquisition parameters) and non-
seismic-reflection methods;

e) | reporting;

f) | data integration, interpretation, and investigation of geohazards.

Thfs document is applicable to investigation of the seafloor and the sub-seafloor, from shallpw coastal
walters to water depths of 3 000, m and more. It provides guidance for the integration of the refsults from
mdrine soil investigations andsmarine geophysical investigations with other relevant datasets.

NO[TE1  The depth of interest for sub-seafloor mapping depends on the objectives of the investigation. For
offghore construction, thé depths of investigation are typically in the range 1 m below seafloor to 200 m below
sedfloor. Some methods_for sub-seafloor mapping can also achieve much greater investigation fepths, for
exgmple for assessing’geohazards for hydrocarbon well drilling.

There is a fundamental difference between seafloor mapping and sub-seafloor mapping: seaf]oor signal
reqolution gan'be specified, while sub-seafloor signal resolution and penetration cannot. This|document
thgreforetcontains requirements for the use of certain techniques for certain types of seafloor mapping
angl sub-Seafloor mapping (similarly, requirements are given for certain aspects of data pro¢essing). If
othertechniques can be shown to obtain the same information, with the same or better resolution and
accuracy, then those techniques may be used.

Mapping of pre-drilling well-site geohazards beneath the seafloor is part of the scope of this document.

NOTE 2  This implies depths of investigation that are typically 200 m below the first pressure-containment
casing string or 1 000 m below the seafloor, whichever is greatest. Mapping of pre-drilling well-site geohazards
is therefore the deepest type of investigation covered by this document.

In this document, positioning information relates only to the positioning of survey platforms, sources
and receivers. The processes used to determine positions of seafloor and sub-seafloor data points are
not covered in this document.

Guidance only is given in this document for the use of marine shear waves (A.8.3.3), marine surface
waves (A.8.3.4), electrical resistivity imaging (A.8.3.5) and electromagnetic imaging (A.8.3.6).

© IS0 2021 - All rights reserved 1
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 19901-8, Petroleum and natural gas industries — Specific requirements for offshore structures —

Part 8: Ma

rine soil investigations

3 Termsand definitions

For the erposes of this document, the following terms and definitions apply.

ISO and IE
— ISOO0

hline browsing platform: available at https://www.iso.org/obp

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

31
abyssal w

ater

water depths greater than 3 000 m

3.2

acoustic impedance

seismic ve

Note 1 to ¢
uses shears

3.3

locity multiplied by density

ntry: Compressional-wave impedance uses compressienal-wave velocity, and shear-wave impeda
wave velocity.

acoustic moise

unwanted

3.4
active tai
buoy fitte

3.5
airgun
seismic so

Note 1 to €
arrays to p

3.6
aliasing
effect that

acoustic signal

| buoy
 with a global navigationsatellite system transponder attached to the end of a streamer

urce that injects-abubble of highly compressed air into the water

htry: Wherea$/single airguns can be used, it is common practise to deploy and fire several airgun
Foduce an,acpustic pulse that has certain temporal and spatial characteristics.

C maintain terminological databases for use in standardization at the following addresseg:

[nce

5 in

causes signals to be misrepresented in recorded data as a result of undersampling

Note 1 to entry: Undersampling can be in time or spatial domain.

3.7

anisotropy
dependence of velocity on direction or upon angle of wave propagation

3.8
array

system of linked hydrophones or seismic sources arranged in a geometric pattern to increase sensitivity
and/or directionality and/or in the case of a seismic source, the pulse characteristics

© ISO 2021 - All rights reserved
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3.9
attenuation
reduction in amplitude or energy

Note 1 to entry: Attenuation in seismic data is related in part to soil conditions.

3.10
attribute
characteristic of a given object, structure or feature

Note 1 to entry: A seismic attribute is a quantity or property derived or extracted from seismic data that provides
spqcific information contained within the data as an aid in interpretation.

3.11

barkscatter
anjplitude of echo sounder energy reflected by the seafloor that can be processed into information
abgut seafloor features and texture

3.12
bapdwidth
range of frequencies in an acoustic signal between the two half power’points

Note 1 to entry: This corresponds with the frequencies at which the power drops to half the peak power (3 dB).

3.13
bopmer
seismic source that operates by the rapid movement ofa.restricted metal plate

3.14

chirp
type of sub-bottom profiler that emits a frequenicy-modulated pulse of acoustic energy over a specified
range of frequencies

3.15

common depth point
C

common reflection point at depth on a reflector, or the halfway point when a wave travels froin a source
to f reflector to a receiver

Note 1 to entry: In the cas€gfflat layers, the common depth point is vertically below the common mid-point.

3.16
common mid-pgoint
CMP
in multichafinel seismic acquisition, the point on the surface halfway between the source and receiver
thgt is shared by a number of source-receiver pairs

Notecl-t0 entry: CMP gather refers to the set of traces that have a common mid-point.

3.17
common reference point
datum point on a vessel to which all positioning systems are referenced in three dimensions

3.18

cone penetration test

CPT

CPTU

in situ soil strength testing device that makes direct measurements of cone resistance, sleeve friction
and pore pressure response as it is pushed into the sub-seafloor

Note 1 to entry: See ISO 19901-8.

© IS0 2021 - All rights reserved 3
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3.19

contractor

party or p
3.20

erson responsible for an assigned scope of work described in project specifications

coordinate reference system
coordinate system that is related to an object by a datum

Note 1 to entry: Geodetic and vertical datums are referred to as reference frames.

Note 2 to entry: For geodetic and vertical reference frames, the object will be the Earth. In planetary applications,

geodetic ay
[SOURCE:

3.21
deconvoli

d vertical reference frames can be applied to other celestial bodies.

[SO 19111:2019, 3.1.9]

1tion

filtering pfocess that undoes the effect of another filter

Note 1 to ¢
effect of th

3.22
deep wat

ntry: There are many applications in seismic data processing. One example is‘removing the filter
e sub-seafloor.

eI

water depfths between 750 and 1 800 m

3.23
demultip
seismic pr

3.24

designatltre

filtering p

3.25
digital te
DTM
digital rep

3.26
dip move
DMO
difference

e
ocessing application that attenuates multiple energy

ocess to compensate for the non-minimium phase characteristics of a seismic source

'rain model

resentation of a mapped surface usually defined by xyz values for defined cells

out

in the arrival fimes or travel times of a reflected wave, measured by receivers at two differ

offset locqtions, that is\produced from dipping reflectors

Note1toe

3.27

htry: Dipithove-out can be compensated for in processing.

direct ary

ing

ent

Hval

recorded seismic energy that has travelled directly from source to receiver and has neither been
reflected nor refracted

3.28

doppler velocity log

DVL

instrument to measure the speed of a survey platform by measuring the frequency shift of acoustic
pulses reflected from the seafloor

3.29

dynamic range
ratio of the largest recoverable signal to the smallest recoverable signal

© ISO 2021 - All rights reserved
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3.30

exploration seismic data
seismic data containing frequencies between 0 Hz and 100 Hz, typically acquired for the purpose of
exploring for oil and gas rather than site investigation

Note 1 to entry: In this document, “exploration seismic data” also includes data acquired for the purposes of
hydrocarbon reservoir management (assessment, development, and monitoring).

3.31

No

3.3
fed
an
ne

No

fed
ite
rer
No
3.3
fir
fir
3.3
fir
fir
3.3

fre
fun

No

3.3
Fr¢

gemerally—circular area on a reflecting interface from which all reflections contriby

red

33

e 1 to entry: In practice this is difficult to achieve, and a mid-field source signature is morecommg

2

ther angle

ble between the line connecting the near and far receivers of a streamer arddjcourse made d
irest receiver

e 1 to entry: Differences are caused by a cross current.

ture
m observed in seafloor mapping data or sub-seafloor mapping data that characterizes {
ders it unique

e 1 to entry: A featureless seafloor is completely smooth,and flat, for example.

4
5t break
trecorded signal attributable to seismic-wave travel from a known source

5
5t pressure containment string
t casing installed in a well that will enable the pressure inside the well to be controlled

6
quency spectrum
ction of power versusfrequency that illustrates the frequency content of a wavelet or sigr]

e 1 to entry: A freGuency spectrum is produced by a Fourier transform.

7
psnel zone

ordedsignal

No

e o entry: The Fresnel zone is dpppndpnt on the pprind of the wave and determines lateral resol

1t the wave

ood of the

he site or

al

te to the

1tion.

3.38

geohazard
geological condition that has the potential to have adverse effects on persons, operations, infrastructure
or the environment

3.39
geological model
explanation of geological conditions

© IS0 2021 - All rights reserved
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3.40

ghost

spurious seismic reflection that occurs when energy is reflected between sources and/or receivers and
the sea surface

3.41

global navigation satellite system

GNSS

satellite based navigation system that provides autonomous global positioning of a receiving device

Note 1 to entry: Glohal positioning system (GPS) _and glohal navigation satellite system (Glonass) Galileo and
BeiDo are flypical examples of global navigation satellite systems.

3.42
ground model
2- or 3-dirhensional representation of the seafloor (bathymetry) and, where applicable, the sub-seaflpor
conditiong, at a given time, that is specific to the offshore structure(s) considered

3.43
ground-tyuthing
integratiop of seafloor or sub-seafloor geophysical data with data acquired By’ marine soil investigatjon
and other|dataNote 1 to entry: See, for example, ISO 19901-8 for marine sgil investigation data.

3.44
high-resdlution seismic
HR seismjc

seismic reflection method that acquires seismic data containingfrequencies between 75 Hz and 300|Hz

3.45
horizon
seismic refflector associated with the surface separating two strata

3.46
hydrophdne
sensor thdt detects variations in pressure

3.47
inertial navigation system
navigatio?[aid that uses accelerometers and gyroscopes to continuously calculate position, orientatjon
and velocity by dead reckoning-without external input

3.48
interval yelocity
seismic velocity measured over a depth interval

3.49
isochore
line drawh or a map through points of equal vertical thickness of a soil unit, bed, formation or grgup
of these

3.50

isochron

line drawn on a map through points at which a characteristic reflection time or interval has the
same value

3.51

isopach

line drawn on a map through points of equal stratigraphic thickness of a sub-seafloor stratum or a
group of these

6 © IS0 2021 - All rights reserved
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3.52
magnetic gradiometer
system which measures magnetic gradient using two or more closely spaced magnetometers

3.53
magnetometer
instrument used to measure the strength and/or direction of a magnetic field

3.54

marine geophysical investigation
type of marine site investigation of seafloor or sub-seafloor that uses non-destructive methods
inolving marine deployment of geophysical tools

3.35

mgrker horizon
seipmic reflector that maintains its characteristics over an area or distance so that it can be fised as an
intprpretation reference

3.6

metadata

metacontent

infprmation describing the content and context of the data within the given file or format

3.37

mipration
seipmic data processing step in which seismic events are geometrically re-located to the true Jocation at
which the event occurs in the sub-seafloor rather than thelocation at which it was recorded at the surface

Note 1 to entry: A more accurate image of the sub-seafloer will be created by applying migration.

3.8

mgtion reference unit
MRU
ingtrument for measuring pitch, roll,yaw, surge, sway and heave

Note 1 to entry: The primary use is to provide observations needed to correctly determine the [position of
gedphysical sensors and in the pregessing of the sensor data.

3.39

myltiple energy
nolse on seismic recofds caused by reverberations between strong reflecting interfaces, sfich as the
sedfloor and the sed’surface

3.40
myte
remmoval.of.certain components of traces prior to common mid-point stacking

3.41
near-field signature
pulse shape measured within the near-field range of a seismic source, generally less than 1 wavelength

3.62
noise
unwanted signal

3.63

normal moveout

NMO

variation in reflection arrival time caused by variation in seismic source to receiver (offset) distance

© IS0 2021 - All rights reserved 7
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3.64
offset

horizontal distance from the seismic source to the seismic receiver

3.65

offset well
existing well from which information is available to tie back to and assist with making predictions
about conditions at another well location

3.66
penetrati

n

greatest (
recognize

3.67
pinger
transduce|
profiling 1

3.68
pitch
up-and-dd
across it f

3.69

positioni]
process td
coordinat
coordinat

3.70
pre-stack
PSDM
migration
and applig

3.71
pre-stack
PSTM

migration

3.72

epth below seafloor from which geophysical signals (such as seismic reflections) can
l with reasonable certainty

r or array of transducers using piezo-electric effects used as seismic source in sub-bott
rofilers

wn motion of the bow or stern of a survey platform about thé\horizontal axis that pas
‘om port to starboard through its centre of gravity

g
e reference system, that should include the timé-of the observations used to derive

depth migration

d before the data is stacked

time migration

applied to seismic@data in time domain before it is stacked

project specification

scope of w

3.73
P-wave

ork for nrarine site investigation assigned by the client to a contractor

primary wav

Fat & 7aY

be

derive a three-dimensional coordinate, which uniquely defines a location within the project

the

applied to seismic data in depth domain, calculated from seismic data in time coordinates,

<

elastic body wave in which the particle motion is in the direction of propagation

3.74

reflection
energy or wave from a seismic source which has been reflected or returned from an acoustic impedance

contrast

3.75

refraction
change in the direction of travel of a wavefront, or the bending of a ray, as it passes from one medium to
another, expressed mathematically by Snell's law

© ISO 2021 - All rights reserved
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3.76

resolution

distance between separate points or objects, such as sedimentary sequences in a seismic section, that
can be distinguished

3.77

roll

up-and-down motion of the sides of a survey platform about the horizontal axis that passes along it
through the bow and stern, and through its centre of gravity

3.78
sample interval

isition and

exchange

seismic as
during the

bn marine

shallew'water
waterdepths less than 25 m

3.85

shallow water flow

flow of pore water into a hydrocarbon well from an overpressured formation causing difficulties in well
control and effective cementing of casing

3.86

side scan sonar

SSS

instrument for imaging the seafloor to either side of a survey track line using acoustic pulses

© IS0 2021 - All rights reserved 9
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3.87
site
defined investigation space, including seafloor and sub-seafloor, that can also include the water column

3.88

soil province

3D unit in which soil or ground conditions demonstrate a particular characteristic or fall within a
defined range

3.89

source signature
output wgvelet, or waveshape, of a particular seismic source from which frequency, output power.gnd
phase can|be determined

3.90
sparker
seismic source that operates by producing an electric discharge in water

391
spherical|divergence
decrease in acoustic signal strength with distance as a result of geometric spreading of acoustic enefgy

3.92
stack
process off making a composite record by combining traces from ditfefent records

Note 1 to eptry: Most common application is common mid-point stacking.

3.93

statics
correctior}s applied to seismic data to eliminate the effects of variations in elevation and near-seaflpor
velocities

3.94

streamer;
set of seispnic receivers contained in a linear, normally neutrally buoyant, cable that is deployed aft ¢f a
seismic adquisition vessel

Note 1 to eptry: Streamers can contain’hydrophones, accelerometers, and geophones.

3.95
streamerbird
depth confrol or heading'measurement device fitted to a streamer

3.96
sub-bottqm profiler
SBP
seismic reffleCtion instrument for investigating the upper few tens of metres of the sub-seafloor with a
high vertical resolution

3.97
sub-seafloor
soil or rock existing beneath the seafloor/base of the water column

Note 1 to entry: Referred to as "seabed" in ISO 19901-8. "Sub-seafloor" should not be confused with "seafloor".
Other commonly used terms are subsurface, sub-bottom and shallow section.
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3.98
survey platform
vehicle on which survey sensors and/or sources for marine geophysical investigations are mounted

EXAMPLE Towfish, autonomous underwater vehicle, remotely operated underwater vehicle, hydrophone
streamer and surface vessel.

3.99

survey track line

line through coordinates of a sensor and/or sources used during seafloor mapping or sub-seafloor
mapping

athe bathymetry system
ingtrument for measuring water depths within a defined swathe either side of a survey track|line

Note 1 to entry: Two technologies exist. Beam forming multi beam echo sounders and“interferometrjic or phase

horizontal section through 3D seismic data that displays information at the same two-way refldction time

application of the appropriate seismic velocity to a measured reflection time in order to derivie distance

trgnsponder
tramsarcer—tt
transducer

m another

Note 1 to entry: The other transducer can be mounted on a surface or subsea survey platform.

3.108
ultradeep water
Note 1 to entry: water depths from 1 800 m to 3 000 m

3.109

ultra-high-resolution seismic

UHR seismic

seismic reflection method that acquires seismic data containing frequencies between 250 Hz and
800 Hz
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3.110

ultra-short baseline system

USBL

sub-sea acoustic positioning system used to determine the position of towed or deployed sensors in the
water column

Note 1 to entry: A transponder or responder is mounted on the sensor to be positioned and interrogated from a
transducer of known position.

3.111
ultra-ultra-high resolution seismic
UUHR seismic

seismic r¢flection method that acquires seismic data containing frequencies between 750~Hz gnd
2000 Hz

3.112
velocity analysis
process of calculating acoustic velocity from measurements of normal moveout

3.113
velocity model
model of discrete geological units or reflection time intervals with different acoustic velocities

3.114
vertical datum

vertical rdference frame

reference frame describing the relation of gravity-related heights or depths to the Earth

Note 1 to efjtry: In most cases, the vertical reference frame will bésrelated to mean sea level. Vertical datums inclpjide
sounding dptums (used for hydrographic purposes), in which-case the heights may be negative heights or depth

172}

Note 2 to entry: Ellipsoidal heights are related to a three-dimensional ellipsoidal coordinate system referenfed
to a geodetjic reference frame.

[SOURCE:[ISO 19111:2019, 3.1.72]

3.115
wavelet
seismic pylse usually consisting of one-and-a-half to two cycles

3.116
yaw

sideways [movement of.the bow and stern of a survey platform about the vertical axis that paspes
through tle centre of gravity

4 Symbols and abbreviated terms

4.1 Symbols
R, ping rate
S, slant range

o standard deviation

12 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=99bd6fb87756769ba69c3144ca86455a

ISO 19901-10:2021(E)

4.2 Abbreviated terms

ASCII American standard code for information interchange
AUV autonomous underwater vehicle
AVO amplitude versus offset

CIp common image point

CRS coordinate reference system

DBS deconvolution before stack

DV[L doppler velocity log

EM electromagnetic

FWI full waveform immersion

GIS geographical information system
GPB global positioning system

HSE health, safety and environment

IN{ inertial navigation system

[0GP International Association of Oil and Gas Producers
MHBES multi-beam echo sounder

MSL mean sea level

psi pounds per square jinich

QC quality contro]

QMS quality management system

ROTV remotelyoperated towed vehicle
ROV rémotely operated vehicle

SBES single beam echo sounder

SEG Society of Exploration Geophysics
SRME surface-related multiple elimination
SSDM seabed survey data model

SSS side scan sonar

SV sound velocity

TVF time-variant filter

TWT two-way travel time
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UHR
USBL
UUHR

ultra-high resolution
ultra-short baseline

ultra-ultra-high resolution

5 Objectives, planning, and quality management

5.1 General
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here are njot concerned with the reservoir thatis targeted by the drilling operation.

Where re
references

method-specific information is centained neither in the project specification nor in this documg

then cont
provide p
operation
taken into

bjectives and project specifications

etime of the development.

ment considers the upper portion of a hydrocarbon well as an(offshore structure, 4§
e encountered by the drilling operation and the installation, dise and decommissioning

depth of interest for a marine geophysical investigation for,a hydrocarbon well is typica
riate)

just above the reservoir, or

Inment casing string or 1 000 m below the seafloor, whatever is greater.

the reservoir that can pose a threat to-the drilling operation. The investigations descril

to methods should be_accompanied by method-specific information, as applicable

Factor’s practice applies~’For some parts of a project specification, it can be necessary
‘eliminary specifications that require subsequent revision. An example is on-site revisior
hl parameter valuesfor data collection equipment, so that the actual site conditions can
account and accommodated in order to achieve optimum performance.

With seaf
following

loor and-sub-seafloor conditions having significant impacts on offshore structures,
partiallist'of features can be of interest:

— difficult soil conditions (e.g. very weak soils, boulders, permafrost);

— rugge

d or steep topography (e.g. escarpments, scarps, gullies);

— Dburied channels;

— seafloor or sub-seafloor instabilities or evidence thereof (e.g. mass transport deposits);

— faults

]

— shallow gas, gas-charged pockets or fluid over-pressure zones;

— gas hydrates;

14

b1 objective of a marine geophysical investigation is to provide information aboutthe seaflpor
eafloor that is relevant to the design, placement, installation, operation, ,assessment/re-
assessmeltct, and decommissioning of offshore structures. This includes the assessmént of geohazapds

nd

covers the requirements for characterising ground conditions and identifying geohazafds

of
lly

case of a targeted hydrocarbon reservoir shallowerthan 1 000 m below the seafloor, tp a

eper reservoirs, at least 200 m below the preferred setting depth of the first pressure-

ophysical investigations for pre-drillingswell-sites focus on possible gas in the sub-seaflpor
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carbonate reefs or bedrock;
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erosional features and processes (e.g. current scours and scouring; ice gouges and gouging).

A well-designed marine geophysical investigation allows the detection and characterization of such
features, both at and below the seafloor. It also allows the assessment of the spatial variability of sub-
seafloor materials. These features are captured in a ground model.

An
a)
‘)
d)
e)

5.1

harine geophysical investigation can, in some cases, also provide information about
environmentally or culturally sensitive areas,
military areas,
disposal areas, and

other government-protected areas.

.2 Georeferencing and GIS

Marine geophysical investigation data shall be georeferenced* using a coordinate referen|

(CH
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Ag
in

tak
the

an

Ag
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Fig

S). Full specifications of the CRS shall be delivered with'the metadata; without this CRS
description of position is ambiguous. Results from-marine geophysical investigations
antage, be presented in a GIS-compatible format.

ion for data presentation.

.3 Ground model

round model is constructed from'adatabase of any valid input data. It can take different {

ce system
reference
can, with

Hitional guidance is given in Clause 6 and in A.5.1:2, which contains details of the IOGP’s SSDM as one

orms and,

the strictest sense, can be of any-complexity. For example, when based on bathymetric d
e the form of a terrain and.geomorphological model; or when based on geological data,

I soil-strength datadre included (see ISO 19901-8), it can be a soil model or a geotechnical

round model allews conditions to be inferred at any location within the model boundaric
updated and-vefined as more targeted investigations are performed. Evolution of the grog
| fundamental objective in the design and execution of a marine site investigation, as illy
ure 2. Aground model captures processes that influence the site in order to, where applic

préesént an overview of seafloor and sub-seafloor processes, at regional and local scales,

J;

ata, it can
can take

form of a geological model."A geological model can include structural, stratigraphic or l{thological
components typically interpreted from seismic reflection data verified by ground-truthing.

soil-type
model.

bs and can
ind model
strated in
hble,

tharacterizethegeotogicat comtextof thesite, i particutar stratigrapihic boundaries
that correlate with geotechnical data,

present soil provinces and other information that estimate the spatial variability of soil
terrain attributes,

(horizons)

types and

assess the potential for present and future natural and/or induced geological activity and human-

made activity based on the evaluation of current conditions and inferred past geological

events,

allow selection of key targets for subsequent marine site investigations including soil

investigations, and

assess geohazards for risk management and mitigation purposes.
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Integration of marine geophysical investigation data with geological and/or geotechnical data can
made with different levels of complexity:

— Geological and geotechnical information can be, in their simplest form, the background regio
information or inferences made from earlier marine site investigations in nearby areas. In so
cases, this can be sufficient to meet the project specifications and the requirements of ISO 19900
adequate reliability.

be

nal
me
for

— Pre-drilling well-site investigations for floating rigs are often based entirely on marine geophysical
investigations, although these can be supplemented by other marine site investigation data to assist

with the prpdir‘firm of nnr‘hnring conditions

— The iptegration of geophysical and geotechnical information enables development of a-ghoynd

mode| which becomes the basis for

a) upderstanding the main geological, geomorphological and geotechnical conditions, featu
and processes that can affect (1) short term offshore activities such aswell drilling,
anchoring of floating units and jack-up operations, and (2) the reliability-6fimore perman

ifffrastructure such as fixed or floating platforms, pipelines, risers and sub-sea structures, ¢r

Fes
rig
bnt

b) developing soil properties and parameter values for geotechnical design with advice from a

geotechnical specialist (see ISO 19901-8 and ISO 19901-4).

The creatjon or update of a ground model can be a key outcome of a matine site investigation.

An initial ground model will be created at the desk study stage,;and it can be incrementally improyed

with additional data and further interpretation. In some cases;such as a well-known site with exist
structure$ where recent geophysical or geotechnical data’are available, the initial ground mo,
can prove to be adequate to satisfy the technical objectives without the need to collect additio
informatign.

ng
del
hal

GIS can fagilitate the integration of geoscience data with other datasets and help communication wjith

end-usersfwho might not be geospecialists.
5.2 Dedk study

5.2.1 General

A desk study shall be performéd and shall include the analysis of available data that are relevant

for

the projedt. A desk study is‘the starting point for every marine site investigation; its purpose ig to

investigatp the site using.€xisting data, and to address the need to acquire additional data.

A desk stydy can include output suitable for defining the scope and planning of seafloor mapping, s
seafloor mapping and data integration, as applicable.

The followingmen-exhaustive list contains examples of data that can be included in the desk study:

— results (data and interpretation) of previous marine soil investigations;

— regional bathymetry, nautical and geological charts;

— research papers, publications and other public-domain data on geohazards, geology and spatial

variability of the sub-seafloor;

— information about any known geohazards, for example, information from nearby hydrocarbon wells;

— drilling reports from hydrocarbon wells within the region;

— shipping lanes;
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information regarding seafloor debris, such as shipwrecks;

known offshore structures, including pipelines, well heads, manifolds, power cables, etc.;
metocean (wind, wave, current, climate) conditions;

protected/restricted areas;

exploration and production licence requirements;

information on other activities in the area, mcludmg ongomg or planned exploratlon

"
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e following should be covered by the desk study:

assessment of existing data in terms of relevance, quality, age and spatial density to de
they are usable and sufficient for an adequate understanding of site conditions;

if relevant to the project (e.g. for geohazards reasons), assessment of recent events, either]
or in the geological record;

recommendation as to whether further marine geophysical andfey marine soil investig|
are required.

investigations of very limited scope (in terms of geographi€ area or project specificatiol

specific purposes, the desk study can be a relatively straightforward exercise that has a
minimum complexity. For example, the desk study*réport can simply refer to nautical
nning of operations outside of designated shippingdanes or military testing zones.

.2 Use of exploration 2D and 3D seismi¢data in a desk study

bloration 2D and 3D seismic data are invaluable inputs to all but the most simple and straig
e investigations including reconnaissance, engineering and detailed engineering. The

I marine soil investigation data ean add value. Whenever they are available these data se
luded in the desk study.

hsideration should be givern'to the re-processing of exploration seismic data to enhance itg
depth range of inten€es:

.3 Desk studyfor pre-drilling well-site investigations

nned.drilling locations (including potential relief-well locations). In frontier areas wherg
nedrby existing wells, data and reports from wells linked to the area of interest by a s¢

pw early reviews of field-development plans and help identify areas where sub-seafloor

e desk study-for a pre-drilling well-site investigation shall consist of a review of relevang
e data arid reports in the area of interest, including exploration 2D and 3D seismic data, c¢vering all

ion).

termine if

metocean

htion data

1s), repeat

estigations in well understood areas, or for limited mapine geophysical investigations performed

h outcome
charts for

htforward
data can

mapping
ts shall be

quality in

available

there are
ismic line

sh

uld be included even if they are some distance away.

5.3 Scoping and planning

5.3.1 General

The process for marine site investigation typically comprises the following:

determination of objectives
desk study, including production of an initial ground model;

scoping of marine site investigation;
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— development of project specifications;
— operations planning;
— marine geophysical operations - seafloor mapping and sub-seafloor mapping;

— processing and analysis of marine geophysical investigation data and integration with desk study
results for refinement of the ground model;

— marine soil (or other complementary) investigation(s) (see ISO 19901-8);

— analyst 5 of
other

red

Ime

h a

ps,

A4 Survey type(s)
|

Operatlons plannlng Acquisition parameters
Quality control system

Y
—

v
Marine Geophysical Investigations:
Operations and Data Acquisition

Y

4

Proppse Additional Investigations: Marine Geophysical Investigations: | _____
- Mar|ne Geophysical Investigations Data Processing & Analysis |
- Marine Soil Investigations |

- Other Investigations v i

i P Evaluate, Propose and Perform !

Marine Soil Investigations |

;

|

|

|

|

Data Integration <-—-——-

\2
Deliverables, e.g.,:
- Report(s)
- Ground model <------
- Geohazard assessment
- Input to site selection and foundation design

Figure 2 — Typical workflow for marine site investigation
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Scoping of seafloor mapping and sub-seafloor mapping

5.3.2.1 General

:2021(E)

Scoping of seafloor mapping and sub-seafloor mapping provides project specifications, including

types of mapping that shall be performed for adequate understanding of the site conditions, with

the relevant level of detail required (see survey types defined in 5.3.2.2 to 5.3.2.8),

specific specialist studies that shall be performed (for reasons such as slope stability, seepage,

nresence of carhanate caile)
P T —Ccorro-oriere Ty

Su
or
sit

area that shall be covered, and
specifications for sensors and sources.

'vey types are categorized as reconnaissance seafloor or sub-seafloor mapping, engineerin
sub-seafloor mapping and detailed engineering seafloor or sub-seafloor mapping. Pre-dri
e investigation is included as a separate special category of seafloor and sub-seafloor map

catlegorization considers required resolution of the data and is not necessarily related tg
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hses of an offshore structure. For example, detailed engineering.seafloor mapping can af
fommissioning phase of an offshore structure. Other survey types'warranted to address

inition of project specifications to meet the survey objectives.

seafloor mapping, project specifications should specify required horizontal resolutioy
PDTM cell size. For sub-seafloor mapping, project specifications should specify required
olution in terms of spacing of survey track lines.and shot point and receiver spacings.

seismic methods, the vertical resolution achieved is partly determined by the temporal
ndwidth of the recorded pulse. This bandwidth will be strongly influenced by the ban
outgoing pulse and the characteristics) of the sub-seafloor and can be much different
ndwidth of the outgoing pulse. Theyefore, vertical resolution of sub-seafloor mapping

ifloor and sub-seafloor mappirg source and receiver systems should be calibrated where
erification of the calibrations should be performed prior to the beginning of seafloor ma

before the start of the last’port call. The validity of the most recent calibrations should b
| further calibrations-eartried out as appropriate.

geophysical equipment used during a survey whose calibrations cannot be verified pj

h recognizedthird-party equipment testing service provider.

b specifications for sensors and seismic sources covered by this document shall apply at 1

calibration, prior to their use in mapping. If no calibration applies, then the specifications fi

an

| seismic sources covered by this document shall apply at the time of verification, prior to

ermined solely by the equipmentused. Further guidance on this subject is given in A.5.4.2.

g seafloor
lling well-
ping. This

life cycle
ply to the
specific or

1sual concerns might not fit neatly into these categories, requiring an independent evalgation and

in terms
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from the
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bping, and
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rinning of field opérations should have valid performance certificates provided by the mafufacturer

he time of
DI Sensors
their use.

5.3.2.2 Reconnaissance seafloor mapping

Reconnaissance seafloor mapping can provide an initial overview of an area, typically covers a large
spatial extent and has lower resolution requirements than engineering seafloor mapping.

Reconnaissance seafloor mapping is often carried out with an MBES mounted in the hull of a surface
vessel. ROVs, AUVs, tow-fish or other types of sensors can also be used as a survey platform.

Reconnaissance seafloor mapping can be performed as part of an initial marine site investigation of
an area. The nature of the offshore structures to be installed at the site will typically determine the
shape of the area of interest; a new pipeline will typically require mapping along a corridor, a new field
development will require mapping within a defined region, etc.
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5.3.2.3 Engineering seafloor mapping

Engineering seafloor mapping can be performed whenever there is a need for accurate HR data (e.g.
conceptual engineering phase).

Engineering seafloor mapping can be performed with a combination of MBES (occasionally SBES)
and SSS sensors. The choice of survey platform depends on factors such as water depth and sensor
deployment restrictions. Some surveys in less than 100 m water depth can be carried out using hull-
mounted sensors, whereas for deeper water an ROV, AUV, tow-fish or other types of sensors can be used
to achieve the necessary data resolution.

Engineerihg seafloor mapping is commonly carried out simultaneously with engineering sub-seaflpor
mapping.
5.3.2.4 Petailed engineering seafloor mapping

Detailed ¢ngineering seafloor mapping can be performed prior to, and subsequentite, constructipn-
related adtivities on the seafloor, and can be performed for the purposes of design‘engineering. The
purposes pf this type of mapping can also include

— providling baseline bathymetry (seafloor topography) for use during’subsequent installation,
maintlenance or decommissioning operations,

— quantfifying the amount of material to be excavated or placed,
— matclling and verifying the baseline topography against designed intervention, and

— docurhenting that installation, maintenance or deconiimissioning operations are performed| in
accorflance with requirements.

This type|of mapping is commonly performed using:ad ROV equipped with an MBES or using an AUV
equipped poth with an MBES and SSS, and possibly other types of sensors, e.g. high frequency sonar,
optic, laseF.

5.3.2.5 Reconnaissance sub-seafloor mapping

Reconnaigsance sub-seafloor mappingis typically performed over a large area, with the objectivg of
collecting|information about regional sub-seafloor characteristics and geology. The spacing of suryey
track lineg will be relatively wide, to maximize the areal coverage relative to survey time.

This type|of mapping is commonly performed using sub-bottom profiling and 2D or 3D HR or UHR
seismic refflection.

5.3.2.6 Engineering sub-seafloor mapping

Engineerihg sub~seafloor mapping can provide spatial data at a scale that can

—_— I'OVl ]n 1nn||f an Scope ’11’\[“ nlanninag nFm'\vﬂnn coilinuvactiogatiang and can incliida tho nccacom nt
p HPH e S il o4 =

.....................................................................
of gas hazard before drilling,
— provide geophysical data to correlate with geotechnical data,

— focus on particular locations where offshore structures are planned to be located, with a buffer
zone to allow adjustment of structure positioning due to design issues or seafloor obstructions, or

— cover the general layout of offshore structures, sufficient to enable their more detailed positioning.

This type of sub-seafloor mapping is commonly performed using sub-bottom profiling and 2D or 3D HR
or UHR seismic reflection.
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In the case of marine geophysical investigations for pipeline and cable burial, the depth of investigation

bel

ow the seafloor can be limited to 10 m or less.

5.3.2.7 Detailed engineering sub-seafloor mapping

Detailed engineering sub-seafloor mapping is the same as engineering sub-seafloor mapping, except

for

closer spacing of survey track lines to enable higher lateral resolution.

Detailed engineering sub-seafloor mapping for a planned offshore structure will typically be limited
to the immediate planned area, with a buffer zone to allow adjustment of structure positioning due
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tion for the offshore structure, and the variability of seafloor and sub-seafloor conditio
siderations will apply to detailed engineering sub-seafloor mapping for structure mairite
fommissioning activities.

.2.8 Pre-drilling well-site investigation seafloor and sub-seafloor mapping

pre-drilling well-site investigation forms a special type of seafloor and’ sub-seafloor m
s to characterize the seafloor and sub-seafloor that can be encountered by the drilling
h specified depth, and to identify potential geohazards related to ifistalling and securing t
t, drilling, and removing and relocating the drilling unit. The depth of investigation shc
propriate,

in the case of a targeted hydrocarbon reservoir shallowerthan 1 000 m, to a depth just
reservoir, or

in the case of deeper reservoirs, at least 200 metyes below the intended setting depth
pressure-containment casing string or 1 000 mbelow the seafloor, whichever is greater.

s type of mapping is commonly performedaising MBES, SSS, sub-bottom profiling and K
lection.

h

sub-seafloor mapping informatienrrequirement for pre-drilling well site geohazard
pends on the type of rig and the water depth.

ottom founded rig requires a.secure foundation and is also vulnerable to shallow gas. T
ential both to disrupt drilling activity and, if it escapes through the seafloor, to erode the fg
I compromise the stability of the rig. The marine geophysical investigation should there
h the foundation zonewithin the expected penetration depth of the rig legs, and the dept

ich the first pressure containment string is installed. In terms of geophysical equipmen
5 translates iiite’ the need for sub-bottom profiler and HR seismic reflection. Seabed map
Itibeam echio-sounder and side scan sonar will be required over the limited area in which t

inty of the

s. Similar
nance and

apping. It
operation
he drilling
uld be, as

above the

f the first

[R seismic

mapping

is has the
undations
fore cover
h range at

ich shallow gas might be a hazard to drilling. This is accepted to be 200 metres below thie depth at

[ selection
bing using
he rigisin

contact with.the seafloor and in some circumstances to provide clearance for the approach r¢ute.

Th
to

e foundation zone requirements for a floating, anchored rig are somewhat different and 3

re limited

ensuring a secure foundation for the rig anchors and the well conductor. The marine g

pophysical

investigation should include seabed mapping using multibeam echo sounder and side scan sonar and
sub-seabed mapping using a sub-bottom profiler, over the area of the anchor pattern. Shallow gas and
other geohazards that may impact on drilling will also need to be investigated. In water depths up to
750 metres, this will normally be accomplished by HR seismic reflection, but in deeper waters, this is
often substituted by exploration 3D seismic, provided it is sufficiently resolute in the depth range of
interest.

A drillship operating using dynamic positioning presents a different set of information requirements.
Since there are no anchors, the only contact with the seabed is at the well itself, so there is no need for
an extensive seafloor survey. Accurate measurement of the water depth at this point, together with an
inspection by ROV immediately prior to spud, is normally sufficient. Shallow gas and other geohazards
can impact on drilling activities and should be investigated by HR seismic reflection or suitable
exploration 3D seismic as for all floating rigs.
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As well as the important input to desk studies for pre-drilling well-site investigations described in
5.2.3, exploration 3D seismic can, in some circumstances, replace the collection of new HR seismic for
pre-drilling well-site sub-seafloor mapping. This approach depends on water depth, the type of rig
to be used and the characteristics of the 3D seismic data. The minimum exploration 3D seismic data
acceptability criteria, which depends on the acquisition, processing or reprocessing parameters, are
included in A.5.3.2.8.

The suitability of the 3D seismic data to replace the collection of new HR seismic should be evaluated
on a case by case basis and is more likely to be the case for deep water wells because the CDP stack
contains a h1gher proport1on of near Vert1cal traces in the shallow section than is the case in shallow
water, thareby 2 —fr . g seneraly—atess—eritical-raz ardy to
floating rigs operating in deep water because there is a larger water Column in wh1ch any escapmg bas
can dispefse.

Since the fesolution afforded by exploration 3D seismic data in the shallow section is lower than that
afforded Hy sub-bottom profiling data,

— explofation 3D seismic data shall not be substituted for sub-bottom profiler datawhen the detaifed
identiffication and mapping of shallow geology and geohazards is needed in the'top 100 m of the sfib-
seafldor, and

— explofation 3D seismic data shall not be substituted for a marine gedphysical investigation when
siting[a bottom-founded drilling rig (see ISO 19905-1[111),

Regardlesk of the limitations, exploration 3D seismic data should‘always be reviewed when availalple
within a pre-drilling well-site investigation even if only as a secandary source of information.

Since the fesolution afforded by exploration 2D seismic dat&’in the shallow section is lower than that
afforded By HR seismic, the existence of exploration 2D seismic data at a location should not be used as
areason tp avoid the collection of new HR seismic.

Further infformation is available in IOGP Report 373-18-1[30],
5.4 Opg¢grations planning and data quality management

5.4.1 Quality plan

The proje¢t specifications should\address the preparation of a quality plan (one aspect of operatiopal
planning)|for seafloor mappingand sub-seafloor mapping. The quality plan should include the following:

— An aspessment of potential risks to data quality, focusing on challenges related to the regional 4nd
local geology thatare’known to occur or suspected to occur in the area of the marine geophysical
investigation.

— Anass$essméntof metocean-related risks to data quality (caused by prevailing and likely wind spejed,
wind andfof wave direction, seawater currents and the anticipated sea states), focusing on situatipns
that cptidd reasonably be expected to pose difficulties for marine geophysical investigation. T

— A procedure to ensure the correct operation of geophysical equipment.

— Asystem that specifies how to act in situations where data quality is degraded. This should address
the use of other equipment if required to fulfil the project specifications, such as a more powerful
seismic source or, conversely, a higher frequency seismic source.

— An up-to-date compilation of infrastructure within the area of interest, particularly all known
infrastructure, not just those structures that are predicted to pose difficulties for the marine
geophysical survey.

— A discussion of nearby marine geophysical investigations or other activities planned to be carried
out concurrently with the marine geophysical investigation under discussion, and that can have
implications for data quality.
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Management of metrological confirmation should be in accordance with ISO 10012[2,

The quality plan can address near real-time monitoring of data acquisition, for example by specialists
onboard a surface vessel or remotely when adequate communication links are in place.

5.4.2 Effects of attenuation

It is important to note that because of attenuation effects, certain geological conditions can preclude
sub-seafloor mapping from meeting its objectives, regardless of what methods are used. For example,
shallow gas- charged layers in the sub-seafloor can make it 1mp0551ble for selsmlc reflection methods
tO JULdlll LllC I cquu CLl I CDUluLlUll dL d EIVCII UC}JLII UCIUVV DCdllUUl 1 llC PIrooTlittT Ul CVCIl d S1l1id4 11 amount
of gas (a few percent) in soil can drastically lower the P-wave impedance, and drastieally increase
attenuation of acoustic signal.

A quality management system can address measures for data acquisition operations that can help to
improve results for locally difficult geological conditions.

The technical limits of the data should be explained in reports, so that end users understand what
infprmation the data can and cannot provide.

5.4.3 Data quality management
Quplity management should utilize a checklist that provides fof«the following, where applicable:

— | name of marine geophysical investigation on all documeénts, reports, charts, drawings, ppckages of
deliverables and associated files;

— | names of client and contractor;

— | objectives of seafloor mapping and sub-seafloor mapping;

— | equipment used and operating parameters;

— | coordinate reference system and ietadata;

— | verifications and calibrations carried out on acquisition equipment;
— | details of data processing performed;

— | consistency of intérpretation throughout the results report between report text gnd other
deliverables;

— | following manufactureres’ instructions for use of relevant equipment.

6 | Positioning

6.1 “General

This clause covers horizontal and vertical positioning of deployed equipment (e.g. sensors, sources,
receivers). The positioning of sub-seafloor data points, e.g. from seismic measurements, is the subject
of a great deal of research in the petroleum exploration industry and is a subject beyond the scope of
this text. See Reference [74] for a comprehensive introduction to the subject.

In order to determine the positions of individual vessel mounted deployed equipment from the observed
GNSS antennae positions, the offsets and heading from the antennae are required.

During marine geophysical investigations, the coordinates of all vessel mounted, towed, AUV/ROV
deployed and other sub-sea deployed sources and receivers shall be determined and recorded at
intervals specified in the project specifications.
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The project specifications should provide definitions and requirements for positioning. The positioning
requirements can be determined by the following:

— Theability to repeat positions. This can be the position of a previous marine geophysical investigation
or the positions of existing wells, marine soil investigation boreholes or seabed features (e.g. a wreck).

— The ability to map the position, size and extent of the seafloor and/or sub-seafloor hazards and
obstructions at a scale, and with an accuracy, that ensures these can be safely mitigated or avoided.

— The ability to determine that the required data coverage and quality is being achieved during data
acquisition by monitoring vessel or survey platform position, line keeping, all sensor positions and
the seiismic shot point interval.

The following industry guidelines relate to the installation, calibration, verification and operatior of
surface arld sub-sea positioning systems:

— 10GP Report 373-19[32];
— 10OGP Report 373-18-2[31];
— IMCA|Report S-017 Rev.1[26],

Referencef are provided for other systems, e.g. determining streamer depth below sea level accordjng
to [OGP 373-18-2[31,

A GNSS positioning system should be tested for performance by the guidelines given in IOGP Repprt
373-19[32]} Positioning equipment (e.g. USBL, INS) should be calibrated and operated in accordance wjith
manufac':llrers’ instructions.

Positioninfg of towed or tethered survey sensors in water-depths greater than 25 m should include a
USBL systpm that is verified by the procedures outlinedin IMCA Report S-017 Rev.1[28], see 6.5.

When suryey sources and receivers are deployed by an AUV, the positions of the equipment and sensprs
should be|determined by an integrated solution of surface and sub-sea positioning systems combined
with an INS and an acoustic DVL (see 6.6 and\6.7).

In additiop to the verification techniques.covered in IOGP Report 373-19[32], Section 4.4.3, positionjng
can be conffirmed by sailing over a seafloor target of known position, such as a wellhead, and observjng
it on an edho sounder (SBES or MBES).

6.2 Cogrdinate referencesystems

6.2.1 Hprizontal coordinate reference system
The coordjinate reference systems should comprise a base geodetic CRS (datum) and a projected CRS.

Exploratign @nd production related marine geophysical investigations are typically referenced| to
the local pational or regional geodetic CRS, whereas the output from GNSS positioning systems gre
referenced to global coordinate reference systems. In such circumstances, the coordinates output from
the surface positioning systems should be transformed to the project CRS. EPSG (European Petroleum
Survey Group) codes are available at www.epsg.org and shall be provided.

6.2.2 Vertical coordinate reference system

In nearshore areas, the vertical ordinate should be tied to the relevant national vertical datum.
In offshore survey areas, the vertical datum should be a sea level datum stipulated in the project
specifications e.g. MSL or LAT. The depth from the stipulated vertical datum shall be reduced using
either observed tidal data logged at a fixed reference station, by use of predicted tides, or by using sea
level separation models referenced to the GNSS global CRS.
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6.3 Surface positioning requirements

The marine geophysical survey vessel and if possible, towed surface equipment such as source and
receiver buoys, should have their surface position continuously determined by augmented GNSS.
Augmentation shall use any of, or combinations of, Differential (range domain), PPP (clock and orbit) or
RTK (Real Time Kinematic) solutions.

To eliminate a single point of failure, the marine geophysical survey vessel should be equipped with
a minimum of two fully independent surface positioning systems. The systems should use different
GNSS receivers, antennae, control network, augmentation strategy and correction signal delivery

tame Iticnat narmaallunracticalta havo multinla CNSS rocaivarcinctallad an tawad aani
systemsItisnotnormally practical to-have multiple GNSS receiversinstalled ontowedequigment. The

ST Ot

spécification for augmented GNSS should be according to Table 1.

Table 1 — Recommended specification for augmented GNSS

Description Value

Mg¢asurement error of horizontal position of GNSS <0,1m (2 0)
ankennae relative to geodetic CRS

Mg¢asurement error of height of GNSS antennae relative |<0,2 m (2 o)
tofthe reference ellipsoid

6.4 Vessel heading

6.4.1 General

The vessel heading is a fundamental parameter for&he positioning of survey tracks and i$ required
forf the computation of the position of towed and‘tethered survey equipment using sub-sep acoustic
positioning.

The vessel heading should be measured by a gyro compass and/or a GNSS based heading| reference
sy4tem. Two independent heading systems should be used. For high-resolution mapping, a GNSS based
syq4tem should be used as the primary heading reference. However, in some conditions gyro systems
calp be more stable than GNSS (see A.6.4).

The specification for heading systems should be according to Table 2.

Table 2 — Specification for heading systems

Description Value
Heading measurement error gyrocompass <0,2° secant latitude (1 o)
Heading measurement error GNSS-aided <0,05° (1 0)

For laybaeks of 200 m and more to towed survey platforms, the heading measurement error yvill have a
sigpificant adverse effect on the cross-track positioning accuracy of the towed equipment. Fdr a survey
platfepm towed at more than 300 m below sea level, a GNSS based system should be used as the primary
heading reference.

Additional guidance is provided in A.6.4.

6.4.2 Gyro compass
For marine geophysical investigations, ‘survey grade’ gyro compasses should be used.

The inherent latency of gyro compasses will cause the accuracy of the heading observations to decrease
immediately after sharp turns of the survey vessel, e.g. after line turns.
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6.4.3 GNSS based heading reference

GNSS based heading reference systems determine heading from concurrent GNSS observations

by

two GNSS antennae mounted at the ends of a known fixed baseline. The dynamic measurement error
is approximately equal to the static measurement error and observations are not affected by the

movements/turning of the survey vessel.

6.4.4 Alignment

The ahgnment of the gyro compasses and/or the GNSS heading reference systems relatlve to the centre

methods {from control points or a known basehne on the quay31de while 51multaneously record
the heading observed by the heading reference systems. The alignment check can be conducted
reciprocal vessel headings to reduce uncertainties in the set out of the centre line of the vessel:

After turnling the vessel, a gyro compass will need adequate time to settle in line withmfanufactursg
recommerndations before the alignment check is repeated.

Additional guidance is provided in A.6.4.

6.5 Sub-sea positioning — Ultra-short baseline system

determingd by USBL, the vessel’s absolute position and the véssel heading. The pitch and roll of
USBL transducer is determined by means of a MRU.

USBL posifioning is not normally applied to the positioning of surface towed streamers that can use

independg
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bBL use, the alignment of the heading reference system and the MRU relative to the refere
he survey vessel should be verified (see 6.4.4) and the velocity of sound in seawater sho
bd at the verification site and entéred into the USBL control system (see 7.2.2). This should
pd periodically. The time period between observations should take account of the likelihg
al change in the profile. Areas of upwelling and river influx will require more frequ

mmencing data acquisition, the calibration and system performance should be validated b
n of the USBL system at the site by “box-in”. This can be done using SSS to image a promin
ture or by observing the position of an acoustic transponder on the seabed during surj
run on reciprecal headings, or by observing a point on the seafloor with known coordinaf
head.

speed.profile in the water column at the worksite should be observed (see 7.2.3).
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The specif

icdbion for USBL transducer should be according to Table 3.

Table 3 — Specification for USBL transducer

Description Value

Angular measurement error

<0,25° (1 0)

Range measurement error

<0,5 % of slant range (1 o)

Except in water depths of less than 25 m (where it can be impractical or where layback to the towed
equipment is less than 50 m), the positions of towed sources, receivers and survey sensors should be
determined by a vessel mounted tracking USBL.
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The sub-sea positioning accuracy should be commensurate with the positioning tolerances required
to meet the survey objectives. The USBL positioning accuracy depends on the slant range between the
surface vessel and the towed equipment.

If properly calibrated, USBL systems typically provide a relative positioning measurement error
of better than 1 % of slant range. When water depths exceed 750 m, the slant range for a towed or
tethered survey platform positioned near seafloor might exceed 1 500 m. At these ranges, the absolute
measurement error of conventional USBL systems can increase to unacceptable levels and many
systems can become unreliable. In water depths greater than 750 m, survey sensors and equipment
should be deployed on an AUV.

6.6 Inertial navigation system

An|INS uses motion sensors in the form of accelerometers and rotation sensors to caleuldte the position,
orientation and velocity of the moving object in which they are installed. From an initial known starting
position, an AUV, ROV or fast ROV hybrid can thus calculate its own position and velocity bas¢d on dead
redkoning by integrating the observations from the motion sensors.

The INS should be initialized with input of position and velocity from anethér source. As the INS motion
sensors are subject to drift, the positioning errors should be monitored against limits in the project
specifications. The INS should receive external corrections, or be re-initialized, prior to the positioning
medasurement error falling outside requirements.

The typical external reference for an AUV, ROV or fast ROV)hybrid is GNSS on the surface.|While the
velicle is submerged, it should receive external positionireferences from a ship based USB[ tracking
syqtem or a seafloor long baseline acoustic positioningsystem (which is not covered in this dpcument).

The specification for INS sensors should be according'to Table 4.

Table 4 — Specification for INS sensors

Description Value
Hdading measurement error <0,05° secant latitude (1 o)
Pigch and roll measurement error <0,025° (1 0)
Hdave measurement error <0,05m (1 0)

Additional guidance is givéen/in A.6.6.

6.7 Auxiliary sensor: doppler velocity log

When survey sgurces and receivers are deployed by AUV, ROV or fast ROV hybrid, the [[NS-based
positioning (se€ 6.6) should be aided by an acoustic DVL.

The specification for DVL should be according to Table 5.

TFable 5—Speecificationfor DVE
Description Value
Operating altitude 0,5 m - 90 m above seafloor
Data update rate Minimum 4 Hz
Velocity measurement error <1 % of velocity (long term)

6.8 Auxiliary sensor: altimeter

A survey platform consisting of AUV, ROV, or ROTV shall be equipped with an altimeter (a single beam
echo sounder) whose offsets to other sensors are known. The altimeter operation should be according
to the manufacturers’ recommendations. Specification for an altimeter should be according Table 6.
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Table 6 — Specification for altimeter

Description Value
Measurement error <(0,01 m + 0,1 % of measuring distance (2 o))
Resolution <0,03 m for 500 kHz
<0,075 m for 200 kHz
Beam width <5° (at 3 dB point)
Frequency Minimum 200 kHz
Data update rate >1 Hz
Range 200 kHz systems: 2,5 m to 100 m
500 kHz systems: 1,0 m (minimum) - 50 m

6.9 Augxiliary sensor: pressure-depth sensor

A survey platform consisting of AUV, ROV, or ROTV shall be equipped with a pressurg¢=depth sensor. The
operation|of the pressure-depth sensor should be according to manufacturers’ inStructions.

N

Guidance [regarding values for the pressure sensor of the pressure-depth,'sénsor is given in Tabl¢ 7
These valiles are based in part on manufacturers’ claims and refer to laboratory bench calibrations.

Table 7 — Guidance for the pressure sensor of the pressure-depth sensor

Description Value
Depth ratipg Appropriate for the working depth of the project
Measurement error <0,01 %of full-scale range (2 o)
Resolution <0,001 % of full-scale range
Output rate Minimum 2 Hz

The density profile of the water column abpve the pressure-depth sensor shall be calculated frpm
measured|values of conductivity, temperature and pressure through the water column by means of the
UNESCO formulael22l, This does not apply when the operating depth is less than 25 m.

The surfafre value of gravitational(acceleration at a specified position is given by the internatiopal
gravity rdference formulal63l, For greater accuracy, a further calculation can be made to find fhe
corresporlding gravitational adceleration value at a specified depth below sea level.

Pressure dlata shall be processed together with data for atmospheric pressure variation at the time gnd
for the locption of the pressure data.

If necessaty, a low pass filter can be applied to the data to reduce any effects of swell in the data.

7 Seafloormapping

7.1 General

Table 8 shows geophysical methods that are normative, recommended or that can be used for each
seafloor mapping type.

It is important to consider that Table 8 stipulates certain methods because of the information obtained
from these methods. If a different method can be shown to obtain the same information, with the same
or better resolution and accuracy, then that method may substitute the one stipulated in Table 8. For
example, in extremely shallow water such as the nearshore surf zone it is possible that SBES provides
the same resolution and accuracy as MBES, and the swathe width of MBES does not significantly
improve bottom coverage over that of SBES. Reasons of convenience (such as equipment availability or
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difficulties related to equipment importation / exportation), however, do not qualify as valid technical
arguments for the substitution.

Table 8 — Geophysical methods required per seafloor mapping type?

Seafloor mapping type MBES SBES SSS Magnetometer,
magnetic gradi-
ometer 4
Reconnaissance seafloor mapping XXX X XX X
Engineering seafloor mapping XXX X XXX X
Ddtailed engineering seafloor mapping XXX X XXX X
Prg-drilling well-site investigation
—| <25 m, shallow water depth X XX XXX X
—| 25m=<750m XXXb XXb XXXxb X
—| >750 m, deep, ultradeep and abyssal XXX¢ XX¢ XXC
water depth (anchored rigs)

—| >750 m, deep, ultradeep and abyssal Xe Xc Xc

water depth (DP rigs)

a | XXX indicates a normative method, which shall be performed; XX indicates«a recommended method, which should be
performed; and X indicates an additional method, which can provide useful data!

b | Anchored or bottom-founded rigs only.
¢ | Anchored or DP rigs only.

Requirements for use of magnetometer and magnetic gradiometer can be found in 8.3.2.

The sensors used for the geophysical methods listed in Table 8 shall be used in combingtion with
compatible and appropriately integrated positiofing systems as addressed in Clause 6.

Prior to the beginning of seafloor mapping,.and not before the start of the last port call, the validity of
thg most recent calibrations should be verified where applicable. New calibrations should be performed
if revious ones cannot be validated,

7.2 Instrumentation and acquisition parameters
7.4.1 Multi-beam echo'sounder

7.2.1.1 General

Mylti-beam echiésounders can be mounted either mounted on a sub-sea vehicle (see 7.2.1]2)or on a
surface vessel\(see 7.2.1.3).

MHES data should be acquired using a recording setup that also acquires backscatter data. The system
shguld+have sufficient dynamic range that backscatter data can be recorded unclipped.

Additional guidance is given in A.7.2.1.

7.2.1.2 Sub-sea vehicle-mounted MBES

Subclause 7.2.1.2 applies to MBES deployed from a sub-sea vehicle, i.e. a survey platform consisting of
AUV, ROV, ROTV or tow-fish.

The survey platform shall be equipped with an altimeter, a pressure-depth sensor, and a sound velocity
sensor. The spatial relationship between these sensors shall be measured using dimensional control
techniques. Roll-, pitch-, heave - and yaw data shall be collected and applied to the echo sounder data.

MBES seafloor mapping requirements shall be according to Table 9.
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Table 9 — Specification for sub-sea MBES

Description

Value

Sounding pattern

Equidistant and/or equiangular

Number of soundings per ping

2240 (per head)

Beam width <1,0° transmit, x2,0° receive
Swathe width >120°
SV measurement at MBES transducer? Yes

Ping rate R, Hz, which depends on S,

0,4a<R,<a wherea=1500m/s /S,

(two-way $lant range, m)

a  SeeZ7.2|3.

The MBES|system checks shall include timing, pitch, roll and yaw, for example by a ‘patch test’;i.e. a tiest
of MBES system hardware that determines angular misalignments and timing differences by collectjng

and procepsing data from a pre-defined area of the seafloor.

7.2.1.3 Vessel-mounted MBES

7.2.1.3 apTies to MBES deployed from a survey platform consisting of a surface vessel.

Roll-, pitc

Measurenjents shall be corrected for the depth of the sensor below.sea level.

MBES seafloor mapping requirements shall be according to Tahle 9 for a water depth less than 30 m

-, yaw, and heave data shall be collected and applied to the MBES data.

For a wat¢r depth beyond 30 m, MBES seafloor mapping requirements shall be according to Tables|10

or 11, as appropriate.

Table 10 — Specification for vessel<mounted MBES, water depth <1 500 m

Description

Value

Sounding pattern

Equidistant and equiangular

Number of soundings per ping

=400

Beam width

<1,0° transmit, x2,0° receive

Swathe width

User selectable: up to 140°

SV measuitement at MBES transduicer

Yes

Table 11 — Spécification for vessel-mounted MBES, water depth 1 500 m to 6 000 m

Description

Value

Sounding patterny

Equidistant and equiangular

Number of soundings per ping 2400

Beam width <2,0°x 2,0°

Swathe width User selectable: up to 140°
SV measurement at MBES transducer Yes

MBES data should be corrected for tidal variations, either from measurements or using predictions.

The MBES system checks shall include timing, pitch, roll and yaw, for example by a ‘patch test’, i.e. a test
of MBES system hardware that determines angular misalignments and timing differences by collecting
and processing data from a pre-defined area of the seafloor.
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7.2.2 Side scan sonar

SSS images are typically used for seafloor classification (in terms of physical, geological, chemical, or
biological properties) or to identify objects on the seafloor. The requirements for SSS seafloor mapping
shall be according to Table 12.

Table 12 — Specification for SSS

Description Value
Operating frequency In the range 30 kHz to 900 kHz
Refcording type Highest fidelity available, no less than 16 bit
Range at 30 kHz <1000 m
Range at 100 kHz <250 m
Range at 500 kHz <100 m
Range at 900 kHz <50 m
El¢vation of sonar head above seafloor 5% - 20 % of range
For simultaneous dual frequency acquisition specifications for the higher'frequency should bfe used.

Th
Ad

7.2

Sotind velocity (SV) shall be measured both at thé€"MBES head and through the water col
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column. If necessary, this can be refined during seafloor mapping.

In

b project specifications should provide the required range and eperating frequency.

ditional guidance is given in A.7.2.2.

.3 Auxiliary sensor: velocity of sound in seawater

ES head to seafloor. A measurement sensor shall be mounted at the MBES head to give ad
he MBES system at the head depth. When sub-sea vehicles are used, the full water column
111 be measured for USBL positioning of the'sub-sea vehicles.

D measurements allow a value for SV:in seawater and a value for seawater density to be (
ernatively, the SV in seawater can’be measured directly using an SV probe. The requirg
D and SV sensors should be according to Table 13.

ter column observations shall be taken:
shortly before commencing operations, and
as soon as practicable after operations are completed.

ter column S}.observations should also be taken during operations. The frequency of the ob
uld be evaluated during the planning phase and determined by the expected variability in

areas 'known to have large variations in SV through the water column in a short-term s

umn from
rect input
SV profile

alculated.
ments for

bervations
the water

patial and

tern

hporal sense e.g. for areas near a fresh water source or oceanic upwelling. Procedure

s shall be

established for monitoring the effect of the SV changes in real time and determining the frequency
required of SV water column measurements. In some cases, a series of pre-operational observations
can be conducted to determine if the site has spatial variation.
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Table 13 — Specification for CTD and SV sensors

Description Value
CTD sensors
Electrical conductivity measurement error better than +/-0,1 mS/m
Temperature measurement error <0,1°C
Pressure measurement error <0,01 % of full scale
SV sensor
SV measuilement error | <0,05m/s

The United Nations Educational, Scientific and Cultural Organisation (UNESCO) formuldel2Zl for the
calculatioh of the physical properties of seawater can be used:

— salinity: practical salinity scale 1978 (PSS 78);
— density: international equation of state of seawater 1980 (EOS 80);

— sound velocity: Reference [44].
7.3 Datpa acquisition methods

7.3.1 Geéneral

Survey trck lines should have sufficient run-in to enable- motion sensors to stabilize prior to the
commenc¢ment of data acquisition.

If the suryey platform consists of a surface vessel;~the draft of the vessel and atmospheric presstire
should be frecorded continuously during the mapping operation.

For MBES|surveys, the DTM cell size (for bathymetry and backscatter data) and the number of Rits
within eafh cell shall be defined in the project specifications. Side scan sonar seafloor coveragg is
specified jn the following sections actording to survey type. Guidance on side scan sonar coverjage
is given ih Figure A.2. The parameters below shall be defined in the project specifications where
applicableg, shall be consistent with MBES cell parameters (size and hits) and side scan sonar covergge,
and shall Ipe consistent with values in Tables 10 to 12 as applicable:

— corridor width(s);
— spacing of survey track lines;
— overldp between MBES coverage on adjacent lines;

— off-trgck’telerance for survey track lines;

— SSSrange on each channel.

7.3.2 Reconnaissance seafloor mapping

MBES DTM cell sizes values that should be used are:
— 2 min case of water depth <100 m;

— 6 min case of water depth 2100 m and <300 m;

— 30 min case of water depth 2300 m and <1 500 m.

Side scan sonar seafloor coverage shall be a minimum of 100 %.
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7.3.3 Engineering seafloor mapping
For guidance, recommended values for deep water MBES DTM cell sizes are 2 m to 3 m.
Side scan sonar seafloor coverage shall be a minimum of 200 %.

Engineering seafloor mapping surveys in water shallower than 250 m can be carried out with an MBES
either mounted on a surface vessel or on a sub-sea vehicle (AUV, ROV, ROTV).

Engineering seafloor mapping surveys in water deeper than 250 m should be carried out with an MBES
mounted on a sub-sea vehicle (AUV, ROV, ROTV).

The area for seafloor mapping shall be stipulated by the project specifications. The minimulL corridor
widlth for linear pre-lay seafloor mapping surveys in water deeper than 100 m should be 200|m.

7.3.4 Detailed engineering seafloor mapping
For MBES surveys, the maximum DTM cell size shall be 0,5 m x 0,5 m.
Side scan sonar seafloor coverage shall be a minimum of 300 %.

For linear structures, the MBES survey corridor width either side ‘ef'the route centre-line|shall be a
mihimum of 10 m. In areas with irregular or high-gradient seafloor (e.g. in area with ploughing),
addlitional survey track lines can be required to improve MBES coverage of the survey corridgr.

7.4 Seafloor mapping deliverables

Ta?le 14 lists seafloor mapping deliverables that should be supplied, as applicable. The formats of the
deliverables shall be included in the project specifications and conform with Table 14.
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Table 14 — Recommended seafloor mapping deliverables and format specifications

Deliverable

Data format

Media

Motion and heading data applied to
MBES data

None specified

DTMs produced from processed MBES
data (e.g. bathymetry, backscatter)

Compressed ASCII XYZ

Side Scan Saonardata

Eithernative datain XTF formatorraster

files in PNG, JPG, or TIFF format (in this case
the data should be georeferenced with the
information either embedded into the raster
file or delivered as separate files).

CTD and S|V data

ASCII XYZ

Tidal reduktion data including vertical
datum, mdthod of reduction of soundings,
predicted pr observed tidal curve

Text, spreadsheet or PDF file

Point, linefr, or polygon seafloor features
interpreted from SSS or MBES data with
appropriate metadata and attributes

GIS-compatible format

Restricted areas including safety zones,
anchoring|and fishing prohibited areas, an-
choring zones, dumping grounds, environ-
mental protection areas and military areas
presented|as polygon features

GIS-compatible format

Geo-referdnced side scan sonar mosaic

GeoTIFF or otheragreed file format

Track lineg of either survey platform(s) or
sensors supplied as line features

IOGP P1/11[33]

Observers|logs and navigation logs in-
cluding alljoperational parameter values,
numbering of survey track lines and data

storage re ference

Text, spreadsheet or PDF file

Permanent archiy
media such as hig
capacity tape, DVD

or hard drive

[=ale}

8 Sub-seafloor mapping

8.1 Gernleral

8.1.1 Resolution and signal penetration

Marine gepphysiealinvestigation methods allow for site characterization of lateral and vertical phys
yariations of the seafloor and sub-seafloor. Sub-seafloor mapping systems covered by

property
clause comprise three main components:

cal
is

into electrical signals;

the source (seismic, acoustic, electromagnetic), which generates controlled energy;

the receivers (hydrophones, geophones, electrodes, coils), which convert the transmitted energy

the medium (water column, seafloor and sub-seafloor), through which the energy is transmitted.

For seismic reflection, resolution is a measure of minimum spatial or temporal separation between
two reflection events that can be distinguished and resolved separately. Two types of resolution are

basically considered:

— vertical resolution controlled by wave velocity and dominant frequency;
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— lateral resolution controlled by the Fresnel zone (for unmigrated seismic data), a generally circular
area on a reflector whose size depends on the depth to the reflector, the velocity above the reflector
and the dominant frequency of the signal at that depth.

Data processing techniques, such as deconvolution, which improves vertical resolution, and migration,
which improves lateral resolution, can be applied.

The sub-seafloor acts as a low-pass filter for seismic energy passing through it. This causes a lowering
of frequency content with time on seismic records. Thus, shallow reflections will normally have higher
dommant frequenc1es than deep reflections. In addltlon there is an energy loss (attenuatlon) by

de

cal

Ift
the
thd

pbending on the project objectives, seismic acquisition parameters (source/receivers|chara
| be specified (HR, UHR, UUHR), but expected resolution can only be proposed.

he project specifications include data from a well or a geotechnical borehole(a tie to the sej
well tie can be used to assess vertical resolution. Resolution can be determined either

from a reflection. When using the quarter-wavelength criterion, the local interval velocity c3

to

8.1

Th
Sp§

convert from time to depth.

.2 Equipment selection for sub-seafloor mapping methods

b choice of equipment to be used for sub-seafloor mapping surveys shall be stated in t
bcifications and based on the desk study.

Talple 15 includes normative methods which shallbe performed. Table 15 also includes me

shq

uld be performed and methods that can be performed.

Table 15 — Seismic methods for sub-seafloor mapping types?

cteristics)

smic data,
by noting

distance between two resolved layers from a well tie, or by using the quarter-wavelength criterion

in be used

he project

hods that

Sub-seafloor mapping type HR UHR/UUHR SBP
Refconnaissance sub-seafloor mapping XX X XXX
Enfgineering sub-seafloor mapping X XX XXX
Ddtailed-engineering sub-seafloor mapping X XX XXX
Pre-drilling well-site investigdtion

Hor bottom-founded dr-anchored rigsb XXXc¢ X XXX
Hor dynamically pgSitioned rigsd X¢ X

a
pe
b
sh

C

llow gas-and other drilling hazards.

su

NS scictina aynlapration 2N catcaie dor o r.-nn 029 O\

XXX indicates§ a-iformative method, which shall be performed; XX indicates a recommended method, whid
[formed; and¥indicates an additional method, which can provide useful data.

For bottont-founded or anchored rigs HR and SBP are normative methods to provide sub-seafloor mapping

Eor anchored or dynamically positioned rigs in deep water, in some circumstances, HR seismic may be

h should be

to address

replaced by

d

ToroTC-CXTSTITT 5 CXProtTat oS- Se St tata (St e ===~

Seismic methods to be used for pre-drilling well site investigation for dynamically positioned rigs should be assessed
on an individual basis depending on the water depth, the drilling programme and knowledge of local conditions.

If, at the desk study stage, there is reason to suspect that the use of P-wave methods might be of
limited value, methods other than P-wave seismic reflection (refraction, shear-waves, magnetics, and

ele

ctromagnetics) should be addressed in the study.

8.1.3 Assessment of data quality

Data quality can be affected by a number of factors, including the following:

choice of equipment;
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— deployment of equipment;

— equipment settings;

— equipment performance;

— electrical noise, whether generated internally within the equipment or externally;
— acoustic noise;

— weather and sea state;

— seafld

The asses
specificat
experienc
often nece

The final

seafloor njapping and sub-seafloor mapping datasets collected in the marine gedphysical investigati
ks should be made between the different data types to see that.conspicuous features sjich
as seafloor pipelines or shallow marker horizons are imaged in the corréct way and that position

Cross che

discrepan

814 D

The prim
ready dat
seafloor t
the follow

— Isochi
the su

— Isopa

of the

— Ampl
vertid

meth]d of time-to-depth conversion shall be stated.

or and sub-seafloor conditions.

ons requires a thorough understanding of the above factors and should be supgrvised byj
bd specialist. It is seldom the case that all the above are optimal and carefu] judgments
ssary.

ssessment of data quality should be made by completing an integrated review of all

Cies are appropriately addressed.

bliverables

iry end-products of sub-seafloor mapping should>comprise the processed, interpretati
hsets. In the case of seismic reflection data, this<will normally be a seismic image of the s
hat can be interpreted. The project specifications can define additional deliverables, such

ing:

rons of horizons that are geologically ot‘geotechnically significant in terms of the objective
b-seafloor mapping. If these are not-known, then marker horizons can be selected.

ths of horizons that are geologically or geotechnically significant in terms of the objecti
sub-seafloor mapping. If these are not known, then marker horizons can be selected. ]

tude maps (illustratifig the variation in seismic reflection amplitude of a picked horizon ¢
al zone of the seafleor or sub-seafloor).

8.2 Acquisition equipment and parameters for seismic data

8.2.1 Equipmentperformance

Prior to the beginning of seafloor mapping, the validity of the most recent equipment calibratigns
<), . » . . . . :cts ihis

should bels ed—ane : on ed-out-as-approey

sment of data quality and the judgement of data in meeting the requirements of theproject

an
HIre

Lhe
on.

ng

b1~
1b-
as

b of

es
'he

ra

Seismic sources should be tested for power output, acoustic pulse shape, and acoustic pulse repeatability.

Source signature can be determined by

— direct far or medium field measurement, recorded without interference from the seafloor, using a

reference hydrophone with valid calibration certificate, or

— industry-recognized source-modelling software using source mechanical and pneumatic

characteristics or recorded near-field signatures.

Acoustic pulse repeatability can be assessed by surveying a particular line twice and comparing results,

or by direct comparison of near-field hydrophone signatures.

36 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=99bd6fb87756769ba69c3144ca86455a

ISO 19901-10:2021(E)

Receivers/hydrophones should be tested for bandwidth by the recording of an acoustic pulse test
(impulse response). Hydrophones and streamer sections and their sensitivities should be checked
either by built-in system checks, or by comparing the responses to those of a reference hydrophone at a
known distance.

The recording system should be subjected to the manufacturer’s test routines. Tests can include the
following checks (this does not apply to single channel profiling systems):

— harmonic distortion (distortion characterized by the generation of harmonics of input frequencies);

— equivalent input noise;

— | instantaneous system dynamic range;
—| gain accuracy;

— | common mode rejection (the ability of a differential amplifier to reject acoustic signals that appear
simultaneously and in-phase on both amplifier inputs);

— | cross-feed.

8.4.2 Acquisition and processing parameters

Parameters for seismic reflection acquisition and processing methods (HR, UHR, UUHR and SBP) should
beccording to Table 16, regardless of the type of sub-seaflogr'mapping.

Signal penetration below the seafloor shall be assessed)Signal resolution should be assesged at two
depths: at seafloor and at the desired target depther at the maximum assessed signal pgnetration
depth, whichever is less. This assessment should be'done before and after data processing.

The method of time-to-depth conversion, if applied, shall also be stated.

Table 16 — Recommended-parameters for seismic reflection methods

HR UHR UUHR SBP

R . 75 Hz to 250 Hz to 750 Hz to 1000 Hz to

alnge for dominant source frequéncy 300 Hz 800 Hz 2000 Hz 15 boo Hz
Exjpected vertical resolution’tange
(a)i’proximate)a Imto7m 0,5mto2m 0,2mtolm <pP,5m

Acquisition
Lime spacing | based on project specification
Source

Number of source clusters | 1 1 1 1

reqolution and attenuation.

a | Describes desired resolution only. Values are calculated assuming the quarter-wavelength criterion, usin
for] theChigher frequency, and 2 000 m/s for the lower frequency. Refer to 8.1.1 and A.5.4.2 for more infoj

b 1 500 m/s
rmation on

multiple suppression.

f Half the data-sampling frequency.

b Length of time that seismic signals is recorded following the triggering of a seismic source.

d  Deconvolution of a trace to compensate for the seismic source not being minimum phase.

¢ The non-user-settable manufacturers’ hardware filters should be recorded during acquisition and processing.

¢ Use ofinformation from the earlier part of a trace to predict and deconvolve the latter part of that trace. Widely used in

g  Slant streamers are an example of innovation in seismic recording and require a unique approach to acquisition and
processing. The streamer depth specifications given will necessarily not apply in this case.

h Atahigh cut of 80 % Nyquist @370 dB/Octave and a low cit of -3 dB @ 6 dB/Octave.

I Tow depths for seismic source and streamer can be increased if accompanied by deghosting during processing.
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Table 16 (continued)

HR

UHR

UUHR

SBP

Firing or energy release interval

based on project specifications

Recommended source type(s)

airgun cluster
array (sleeve
gun, airgun, GI
gun)

airgun cluster
or single airgun
(sleeve gun, air-
gun, Gl gun)

single mini-gun,
multi-tip spark-
er, boomer, or
equivalent

Multi-tip spark-
er, boomer, mini
air-gun, pinger,
chirp, paramet-
ric, or suitable
single channel

sourcefortarg
get

of interest

Source chj
recommer]jded source)

racteristic (for

typically 80-160
cubic inch (cu.in.)

typically 10-80
cu.in. source

typically 5-10
cu.in. source vol-

single'spark
er.array or
transducer, ol a

for the higher’frequency, and 2 000 m/s for the lower frequency. Refer to 8.1.1 and A.5.4.2 for more information

source volume volume ume for airgun f )
acussed arrdy
Operating|pressure (for airguns, . . .
when used) 2 000 psi 2 000 psi 2 000 psi n/a
Tow-depth below sea surface of _ 2mto3m 1mtol5m <150 0mto0,5m
source when deployed at sea surface!
Streamer / Receivers
typically 75 m, typically
. i typically 75 my\|/but may be zero zero-offset,
Active length 2600 m to 300 m offset, single-channgl
single-channel system
Number of receiver groups / channels 248 =24 typically 24 1
typically
Group intgrval 3125 mto 3,125 m or <3,125m n/a
12,5m
6,25 m
Bandwidth 1Hzto 50 Hz to 200 Hz to 500 Hz to
1000 Hz 1500 Hz 4000 Hz 20 000 Hz
typically zero,
Nearest offfset <% water depth | <% water depth | but <% water 0
depth
Streamer ¢lepth® 1 <3m <2m <1,5m 0
) . 20 microbarsh | 20 microbarsh | 20 microbarsh
Maximum|streamer noise . . . n/a
sustained sustained sustained
Dead tracgs at start of survey-track <3 <2 <2 n/a
line
1 per active As required,
Number of birds pera generally 1 per Asrequired n/a
section . :
active section
a  Descrilpes.desired resolution only. Values are calculated assuming the quarter-wavelength criterion, using 1 500 /s

on

resolution and attenuation.

multiple suppression.

f  Half the data-sampling frequency.

b Length of time that seismic signals is recorded following the triggering of a seismic source.

d  Deconvolution of a trace to compensate for the seismic source not being minimum phase.

¢ The non-user-settable manufacturers’ hardware filters should be recorded during acquisition and processing.

¢ Use of information from the earlier part of a trace to predict and deconvolve the latter part of that trace. Widely used in

g  Slant streamers are an example of innovation in seismic recording and require a unique approach to acquisition and
processing. The streamer depth specifications given will necessarily not apply in this case.

h Atahigh cut of 80 % Nyquist @370 dB/Octave and a low cit of -3 dB @ 6 dB/Octave.

I Tow depths for seismic source and streamer can be increased if accompanied by deghosting during processing.
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ti-channel

Table 16 (continued)
HR UHR UUHR SBP
Recommended feather angle <7 degrees <7 degrees <7 degrees n/a
Tail buoy yes, tracked optional optional n/a
Recording unit
N <1,0 ms, typically typically
Sampling interval 1,0 ms 0,5 ms or 0,25 ms <0,125 ms <0,062 5 ms
Recording format SEG-D /SEG-Y | SEG-D /SEG-Y | SEG-D /SEG-Y
Rejcord lengthP based on project specifications
Lok cut filtere Low cut filter - | Low cut filter - | Low cut filter - | Jow dut filter -
no user-set filter | no user-set filter | no user-set filter({ne'usefr-set filter
High cut filter 0,8 Nyquistf 0,8 Nyquistf 0,8 Nyquistf out
Data processing
Rejsampling to 2 ms no no no no
Spherical divergence yes yes optional ogtional
Spptial filtering (FK, Tau-P, etc.) optional, de- optional, de- eptional, de- o
(ir] shot domain) pending on data | pending on data‘\{-pending on data
Spptial filtering (FK, Tau-P, etc.) optional, de- optional,de- optional, de-
; . . X X : no
(irf receiver domain) pending on data | pendingeifdata | pending on data
optional, where | optiohal, where
Signature deconvolutiond signature is sighature is optional opgtional
provided provided
Deghost optional optional optional ogtional
- . optional, de- optional, de- optional, de-
Pripdictive deconvolution® (DBS) pending onddata | pending on data | pending on data ho
yes, when mul-
COP gather yes yes ti-channel no
) . yes, typically at | yes, typically at | yes, when mul-
Velocity analysis 500 m intervals |<500 m intervals ti-channel no
. e optional, de- optional, de- optional, de-
Myltiple elimination pending on data | pending on data | pending on data ho
optional, de- optional, de- not normally
PSTM pending on data | pending on data applied no
yes, when ap- yes, when ap-
PS[TM velocity analysis plied, typically at|plied, typically at n/a no
200 ms intervals | 200 ms intervals
NNO corrections and mute yes yes yes, when mul- no

a

for

Lyt ion o d otra ot oo
ot oAt attteRtatioh:

DeScribes desired resolution only. Values are calculated assuming the quarter-wavelength criterion, usin
the, higher frequency, and 2 000 m/s for the lower frequency. Refer to 8.1.1 and A.5.4.2 for more info

b 1 500 m/s
rmation on

res
b

C

d

e

f

g

h

i

Length of time that seismic signals is recorded following the triggering of a seismic source.

The non-user-settable manufacturers’ hardware filters should be recorded during acquisition and processing.

Deconvolution of a trace to compensate for the seismic source not being minimum phase.

Use of information from the earlier part of a trace to predict and deconvolve the latter part of that trace. Widely used in
multiple suppression.

Half the data-sampling frequency.

Slant streamers are an example of innovation in seismic recording and require a unique approach to acquisition and
processing. The streamer depth specifications given will necessarily not apply in this case.

At a high cut of 80 % Nyquist @370 dB/Octave and a low cit of -3 dB @ 6 dB/Octave.

Tow depths for seismic source and streamer can be increased if accompanied by deghosting during processing.
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Table 16 (continued)

for the hig
resolution 4

b Length
¢ Theno
d  Decony
¢ Useofl
multiple su
f Halfth

8 Slants
processing,

h At ahig

I Towde

nd attenuation.

bpression.

b data-sampling frequency.

of time that seismic signals is recorded following the triggering of a seismic source.

olution of a trace to compensate for the seismic source not being minimum phase.

HR UHR UUHR SBP
. . optional, de-
AVO processing and displays pending on data n/a n/a no
yes, when mul-
Stack yes yes ti-channel no
- . optional, de- optional, de- optional, de-
Predictive deconvolution (DAS) pending on data | pending on data | pending on data ho
Time mi . optional, de- optional, de- optional, de-
SIFHOH pending on data | pending on data | pending on data R
Time varignt filter yes yes yes no
Equalizatipn no no no no
Displavs delivery of delivery of delivery of delivery of
play SEG-Y files SEG-Y files SEG-Y files SEG-Y files
a  Descrilpes desired resolution only. Values are calculated assuming the quarter-wavelength criterion, using 1 500 /s

her frequency, and 2 000 m/s for the lower frequency. Refer to 8.1.1 and A.5.4.2 for’more information

h-user-settable manufacturers” hardware filters should be recorded during acquisition and processing.

nformation from the earlier part of a trace to predict and deconvolvefhe latter part of that trace. Widely used

reamers are an example of innovation in seismic recording and require a unique approach to acquisition gnd
The streamer depth specifications given will necessarily not apply in this case.

h cut of 80 % Nyquist @370 dB/Octave and a low cit'ef -3 dB @ 6 dB/Octave.

pths for seismic source and streamer can be inicreased if accompanied by deghosting during processing.

on

—-

n

8.2.3 H

8.2.3.1

Project sp

|gh resolution seismic reflection

Checks of equipment performance

ecifications should specify the frequency of equipment tests, which should be done at regular

intervals during data acquisition. These should confirm the polarity and signal strength of each chanjnel

and can as

For HR 2D
monitored
should be
readings f]

Assessmd

sess streamer balance and noise levels.

and 3D seismic reflection, the stability and tow depth of the streamer shall be continuously
by means'of streamer birds fitted with depth indicators. The feather angle of the strearmer
continuiovsly monitored by means of the active tail buoy or by integrating the comp
romy Streamer birds.

0SS

nt-of data qlmlity

The following sources of information should be used for the assessment of HR seismic reflection data

quality:

— observers log;

— navigation log including QC statistics;

— CDPp

— tail buoy position data;

osition data;

— acquisition geometry;
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seismic source monitor records;
near-trace monitor display;
seismic source performance data,
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In the first stage of quahty assessment, the above information for each survey track line should be

an 11_yacu for-irconststenciesbetweenrthedatasourcesandreconcited-where Pr acticabte—The pI'O]ECt

spécifications should provide criteria for this analysis, for example criteria for number of d¢ad traces,

streamer depth out of range and seismic source performance.

In the second stage of quality assessment, the seismic data should be loaded into &'seismic processing

syqtem for analysis according to the following procedures:

— | viewing of noise files for start- and end-of-line positions of a survey trackline;

— | spectral analysis of a minimum of every 50-shot records to (verify frequency conptent, gun
performance and geometry;

— | production of a stack section to assess eventual processed data quality;

— | production of selected stacked seismic sections as required to investigate certain cornditions or
sources of noise, for example near- or far-trace stacks.

Care should be taken that the gain recovery, mute and’stacking velocities are appropriate.

8.2.3.2 Data processing

The following general principles apply to the processing of high-resolution seismic reflection|data:

a) | The preservation of relative amplitude relationships should be constantly addressed throughout
processing, because amplitude(information is often more important than structural infofmation in
identifying geohazards.

b) | The high frequency content should be preserved throughout, because the focus of intefpretation
will normally be in the-shallow part of the sub-seafloor, within the zone of engineering ifffluence of
the offshore structure. Temporal resampling should not reduce the usable bandwidth of the data.

c) | All processing, steps should be tested and subjected to QC by a seismic processing [specialist.
It is often ddvantageous if the seismic interpreter is consulted during testing on the s¢lection of
processingparameters.

d) | As a.general guide for processing HR seismic reflection data, the less that is done to thie data the
bétter, whilst reaching final processed dataset that preserves frequency content and inages the
sub-seabed.

e) A similar processing sequence should apply for both 2D and 3D seismic reflection datasets.
However, the 3D processing sequence may include additional steps to regularize the distribution of
both data and offsets in the survey area, and to migrate the data in both X and Y directions.

Herein, a number of essential data processing steps are outlined. Additional processing methods can be
applied by data processing specialists, if deemed necessary.

Gain recovery/Amplitude manipulation: Corrections for spherical divergence and absorption losses
shall be applied to the seismic data.

Velocity analysis: Accurate and spatially frequent velocity analysis is critical to the successful
processing of high-resolution seismic reflection data. Velocity analyses shall be made at intervals of no
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greater th
interest, s

an 500 m along each survey track line. In areas of rapidly changing geology and at points of
uch as a future location of an offshore structure, this interval should be decreased to 50 m.

Continuous, automatic, event-following velocity analyses are capable of producing high quality results
and can be used, although the results should be carefully checked.

Mute: In order to preserve vertical resolution whilst enabling effective noise reduction in the CMP
stack, a suitable outer trace mute is an essential and critical step. A suitable mute should be derived by
producing a series of test stacks before application to the dataset.

NMO correction and CMP or CIP stack: The CMP/CIP stack is important in the data processing

sequence

for improving the Qignnl-‘rn-nnicp ratioin a data set Most processing systems offer a choice of

different ¢
particulay

lgorithms. Careful testing should be completed before selecting an appropriate one forreach
dataset and application.

Designatfire: Many seismic sources provide repeatable minimum-phase signatures. In séme caseyg, it

can be ber
to its min
operator s
specificat
by the cor
as deconv

Deghost:

leficial to apply a designature operator that converts the outgoing (far-field) source signattyire
mum-phase equivalent. The frequency spectrum should be left unaltered( The designatfire
hould be designed using the far-field source signature that is modelledcusing the gun arfray
ons. Correct application of the process can improve the vertical resolution of the seismic dpta
hpression of the acoustic pulse. In addition, subsequent deconvolution can be more effectjive
blution assumes data to be minimum-phase.

The separation and attenuation of the ghost wave fronts relative to the primary wave frdnt.

Resolutio:[ can be greatly improved.

Demultip
data and

depend on
and the w
and tested
demultipl

e techniques: The presence of multiples is a common’source of noise in seismic reflectjon
there are a number of techniques available that _cai’ remove them. Their application Will
the characteristics of the seismic data, the objectives of the marine geophysical investigatjon
ater depth at the survey track lines. The following (common) options should be considefed
: pre-stack deconvolution in time domain,.deconvolution in Tau-P domain, SRME, and Radon
. Water depth is the primary factor for determining which technique to use. For example,

Radon defnultiple can be effective for seismic data acquired in deep water where there is significant

differentid

DBS: Thisg
and multij

PSTM: Mi
collapsing
beneficial
sediments
migration

Coherent
stack or p

Zero-pha

ition in move-out. SRME can be effective in shallow water.

should be applied to further atténuate unwanted source signature effects, reverberatigpns
ples in the seismic data. An applied DBS should be offset-dependent.

pration, when correctlyapplied, can improve lateral resolution in the seismic data either] by
diffractions to the zere-offset origin, or by collapsing the Fresnel zones. It can be particulgrly
when there are stéeply dipping reflectors, channel flanks or faults. In horizontally-bedded
, post-stack timieymigration might not produce an improvement. A number of differpnt
algorithms sheuld be tested.

noise attenuation: Coherent noise attenuation (FK, Tau-P etc.) may be applied either pre-
hst staeked’s required.

for a giver
the follow

seconversion: The zero-phase signal wavelet has the shortest duration and largest amplit

ing reasons:

— resolution of seismic data is enhanced;

— the ability to distinguish an event against background noise is enhanced;

— polarity reversals of seismic reflections are more easily observed;

— automatic event picking algorithms follow amplitude peaks more easily and with less error than
Zero crossings;

— peakreflector amplitudes can be directly extracted allowing automatically built amplitude maps.
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It is common practice to extract a wavelet from the seafloor seismic horizon in order to design a zero-
phasing operator to be applied to the seismic data.

TVF: For optimum resolution, the signal-to-noise ratio of the dataset should be maximised. TVF
attenuates unwanted frequencies (noise) and improves signal-to-noise ratio. Resolution requirements
should be considered when choosing frequency “cut offs”. If signal and noise energy of the same
frequency are present, the design of the TVF can be a compromise. TVF is a zero-phase process and
should be applied after zero-phase conversion.

Other processing steps: Testing and application of the following processing steps can produce benefits
in same cases and can be considered (fhic listis not pyhmmtivp)-

— | PSTM;
—| PSDM;
—| inner trace mute;

— | DMO.

8.4.3.3 Deliverables
Talple 17 summarizes deliverables that should be provided.

Table 17 — Deliverables for HR seismic reflection

Deliverable Data format Media
Raw seismic data SEG file (normally SEG-D)
Observers log and navigation log including values fon Text, spreadsheet or

operational parameters, delays, numbering of survey track |PDF file
linles, data storage reference, numbering of seisntic source
activations, feather angle, streamer depths and’seismic
sofirce depths

Pokitions of vessel from both primaryand secondary posi- [IOGP P1/11 and P2/11?
tigning systems and position of tail buoy

Arnotated near-trace monitor récerds PDF, TIFF or similar file

Zefo-offset processed seismic data SEG-Y file

Selsmic source QC statistics for each survey track line ASCII or spreadsheet Per.manent arghlve
media such af high ca-

Ngvigation QC statistics-for each survey track line ASCII or spreadsheet pacity tape, Hard drive

De¢scription, analysis and results of testing of acquisition |Text file
equipment for seismic data

Selsmic veldcities used in data processing ASCII file

Fipal processed seismic data SEG-Y files
Interpreted horizons Either XYZ or XYT file
Contoured isopach or 1sochron map or other Interprecive | Graphics tormat or GIS
map format file

Annotated example of seismic data profile

Interpreted cross-sections

a  Bestefforts should be made to use the P1/11 and P2/11 for the processing flow; where not possible due to a limitation
of a process this should be noted.
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8.2.4 Ultra-high-resolution seismic reflection

8.2.4.1 Checks of equipment performance

Project specifications should specify the frequency of equipment tests, which should be done at regular
intervals during data acquisition. These should confirm the polarity and signal strength of each channel
and can assess streamer balance and noise levels.

For UHR seismic reflection, the stability and tow depth of the streamer shall be maintained and
continuously monitored. This can be by use of streamer birds fitted with depth indicators or by the
use of pagsive Treamstoavoid-acoustic imterference fronractive controtters—Thefeatherangte of the
streamer $hould also be monitored, if possible.

8.2.4.2 Assessment of data quality

Requiremgpnts for assessing data quality of UHR seismic reflection are the same as for HR seisiic
reflection|described in 8.2.3.1, except that tail buoy position data might not be avajlable.

8.2.4.3 Pata processing

Requiremgnts for data processing of UHR seismic reflection are the sametas for HR seismic reflectjon
described|in 8.2.3.2, except that - beyond the essential steps - even less can be necessary, especially in
deep watdr.

8.2.4.4 Peliverables

Deliverables for UHR seismic reflection should be identicalto those for HR seismic reflection descrilped
in Table 17.

8.2.5 Ultra-ultra-high resolution seismic reflection

8.2.5.1 hecks of equipment performance

Project spgcifications should specify the frequency of equipment tests, which should be done at regular
intervals uring data acquisition. These'should confirm the polarity and signal strength of each chanjnel
and can agsess streamer balance ahdnoise levels.

For UUHR seismic reflection;-the stability and tow depth of the streamer shall be maintained gnd
continuously monitored. This'may be by use of streamer birds fitted with depth indicators or by the
use of pagsive means tg{avoid acoustic interference from active controllers. The feather angle of the
streamer $hould also b€ monitored, if possible.

Assessmgnt of data'quality

Requiremgntsifor assessing data quality of UUHR seismic reflection are the same as for HR SeiSIlniC
reflectionldescribed in 8.2 3.2, except that tail buay position data might not he available

8.2.5.2 Data processing
Requirements for data processing of UUHR seismic reflection are the same as for HR seismic reflection

described in 8.2.3.2, except that — beyond the essential steps - even less may be necessary, especially in
deep water.

8.2.5.3 Deliverables

Deliverables for UUHR seismic reflection should be identical to those for HR seismic reflection described
in Table 17.
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8.2.6 Sub-bottom profiling

8.2.6.1 Acquisition equipment
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The project specifications should state the type or types of SBP to be deployed. Different types should

be available.

For fine-grained soils, the source should be either a chirp-type, or an array-type, typically

consisting

of 3x3 or 4x4 transducers mounted in the hull of a surface vessel. The source can be deployed in
combination with SSS from a single towfish or ROTYV, as long as it conforms with the requirements for

-l . 1 1 1 £l
bO 11 blde SCdII SOl dIIU SUD=DOLLOUIIT PIOITICT.

The frequency of the seismic source for SBP profiling should be in the range of 1 kHz t
préferably adjustable depending on the project specifications. The maximum power output s
leajst 5 kW.

Data shall be digitally recorded (DVD, portable hard disk, etc.) and automaticallyygeo-referenc
shll be recorded whole, i.e. unclipped; the entire waveform shall be sampled; without signi
of bandwidth from the seismic source.

A Hoomer or sparker (or equivalent) can be deployed to record deepersub-seafloor strata an
as these sources typically produce signals that penetrate deeper than those from chirp sou
can be relevant where there are coarse grained sediments (e sand or gravel), hard or co
sediments or variable sediments not conducive to the use of-&.SBP.

For all SBPs, the position of the seismic source shall be written to SEG-Y trace headers for eve

8.21.6.2 Survey platform

The survey platform for the SBP should be:.$élected depending on water depth, survey

o 15 kHz,
ould be at

ed. Traces
ficant loss

| features,
rces. This
hsolidated

ry trace.

pbjectives,

expected and discovered ground conditions~and environmental conditions, as these will all directly

aff]
acq
cirrumstances include deep water, engineering and detailed engineering surveys or s
conditions that are suited to inyestigation by systems that can be effectively mounted on an
as fp chirp profiler.

bct performance. A surface vessel or’a-towfish towed close to the seafloor is common

8.2.6.3 Data processing

Sul
exq
sei
ti

b-bottom profiling\data can be processed either in real time or separately as a post-g
rcise. In both<cases, care should be taken to ensure that the frequency content is maint
kmic data of\d~kHz to 15 kHz typically require a minimum amount of data processing a
e-basedgain recovery function and a bandpass frequency filter are sufficient.

Other data processing steps, such as deconvolution and sequential trace stacking (combini !

y used to

uire sub-bottom profiler data. In some circumstances an SBP can be mounted on an AUV. These

ib-seabed
AUV such

cquisition
hined. SBP
hd often a

with cautlon and thoroughly tested before apphcatlon to the entlre seismic dataset

8.2.6.4 Assessment of data quality

The primary measures of sub-bottom profiling data quality are vertical resolution and penetration of

the seismic data, and positioning accuracy. Vertical resolution of the seismic data shall be a
the seafloor and at a desired depth below seafloor given in the project specifications.

Ground-truthing to assess vertical resolution shall be used if the project specifications

ssessed at

provide a

suitable control point such as a geotechnical log for this purpose (e.g. ISO 19901-8). Resolution shall

be determined either by noting the distance between two resolved strata from the control p
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using the quarter-wavelength criterion from a reflection. When using the quarter-wavelength criteri
the local interval velocity shall be used to convert from time to depth.

8.2.6.5 Deliverables

Table 18 summarizes the deliverables that should be provided.

Table 18 — Deliverables for SBP

Deliverable Data format Media

on,

Raw SBP data SEG-Y / SEG-D

Observers log and navigation log including all |Text, spreadsheet or
operational parameter values, delays, number- |PDF file

ing of survey track lines, data storage refer-
ence, shot-point numbers, streamer depths and

seismic source depths Permanent@\chive
Sensor position: each trace requires its own IOGP P1/11 media such-as high
position data, in two formats SEG-Y trace headers | capacity-tape, DVD
or hard drive

Interpreted horizons Either XYZ or XYT

file
Contoured isopach or isochron map or other  |Graphics formaty
interpretative map spreadsheet, or GIS

Annotated example of seismic data profile format file

8.3 Non-seismic reflection methods

8.3.1 S¢ismic refraction

8.3.1.1 [eneral

The seisnjic refraction method can provide data for interpretation of sub-seafloor strata and
estimates|of P-wave velocities in these sub-seafloor strata.

Seismic r¢fraction is carried out by flying a seismic source and seismic receivers (e.g. hydrophon
ocean botfom nodes) near to the\séafloor or dragged along the seafloor, firing the seismic sourcg
fixed intefvals and deriving the arrival times of P-waves along the receiver (array). The seismic sou

for

es,
at
'ce

to
hta

Seismic refraction equipment should meet the following specifications:

— The selection of seismic source should consider the necessary energy to allow recording of first

breaks to the end of the receiver (array);

— The shot interval should not be greater than half the streamer length;

— The selection of the number of receivers and the source-receiver offsets should consider recording of
first breaks from (i) the direct arrival through the water (if the system is flown above the seafloor),
(ii) the seafloor refraction, and (iii) refractions (if any) within the depth-range of interest indicated
in the project specifications (seismic reflection data can indicate whether any potential refractors

exist within this range);
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Sample interval should be no greater than 1/10 the dominant signal period from the seafloor

refraction;

Listen time should be sufficient to record first breaks to the end of the streamer;

— Traces shall be recorded whole, i.e. unclipped; the entire waveform shall be sampled, without
significant loss of bandwidth from the seismic source.
8.3.1.3 Deliverables
Tabhle 19 summarizes the list of deliverables that should bhe prnvidnd
Table 19 — Deliverables for seismic refraction
Deliverable Data format Media
Pofsitioning data of shot point and receivers I0OGP P1/11 and P2/11
Prpcessed seismic data SEG-Y .
Permanent|archive
Raw seismic data SEG format media such|as high
Figst break arrival times ASCII capacity tape, DVD or
; hard drive
20 processed P-wave velocity/depth data ASCII, GeoT¥F
30 processed P-wave velocity/depth data ASCII
8.3.2 Magnetometer and magnetic gradiometer
8.3.2.1 General

Sub-seafloor mapping with a magnetometer or amagnetic gradiometer can be used to map the

off]
su(

Alt
Sh
3-9

8.3

Th
ide

8.3

Talple 20 Stmmarizes deliverables that should be provided.

chore structures, particularly pipelines and\cables. These systems can also be used to identi
h as wrecks, although these are often identified from SSS data and occasionally from MBES

itude and sensor separation parameters should depend on the conclusions of the desk]
pbuld a magnetic gradiometer bé yequired, and flux-gate magnetometers are used they
xis sensors; other magnetometer types may vary.

.2.2 Acquisition equipment and acquisition parameters

b sensor of the magnetometer shall be operated at its optimum resolution settings as dict3
ntification requirements of the survey.

.2.3 Deliverables

position of
fy hazards
data.

top study.
should be

ted by the

Table 20 — Deliverables for magnetometer and magnetic gradiometer

Deliverable Data format Media
Magnetic sensor data ASCII text or speadsheet Permanent archive
Positioning data for magnetometer and gradiometer sensor {IOGP P1/11 and P2/11 media such as high

Where applicable, X, Y and Z coordinates of pipeline or
other identified feature

capacity tape, DVD or
hard drive

8.3

.3 Marine shear waves

Guidance is given in A.8.3.3.
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8.3.4 Marine surface waves

Guidance is given in A.8.3.4.

8.3.5 El

ectrical resistivity imaging

Guidance is given in A.8.3.5.

8.3.6 El

Guidance

9 Repc

9.1 Gen

Reports st
used (9.2)
interpretd
from the g
can be coy

Daily pro
stakehold

— abres
— progr
— statuy
— daily

— detail

— prelin

9.2 Rec

ectromagnetic imaging
S Eivermim A-8-3°6-
rting of seafloor mapping and sub-seafloor mapping
eral
jall describe the operations for data acquisition (9.2), the equipment andioperating parameters
data processing (9.3), as well as a factual presentation of the results (9.4). Some degreg of
tion and integration can also be included if the project specifications require it. Informatjon
esk study can be included if helpful. Data acquisition operations; data processing and resylts
ered in one report or in separate reports.
press reports should be made during data acquisitionvand circulated to the relevant
brs. These should contain, where applicable:
kdown of the operational activities;
pss details of seafloor mapping and sub-seaflger mapping;
of survey platform(s) and sensors;
HSE report;
5 of data processing;
phinary findings or noteworthy discoveries.
ord of data acquisition operations
Data acquisition operations)shall be described in sufficient detail for specialists to gain a thoroygh
ding of how the/raw datasets have been obtained. The following is a list of subjects that ¢an

understan
be includd

— projec

— stater

d:
t description, including names of client, contractor, and vessels;

hent of objectives of the seafloor mapping and sub-seafloor mapping;

— description of the data acquisition techniques, including quality management;

— description of positioning equipment;

— dates

of operations, including any concurrent data acquisition operations;

— data format description, or reference to standard formats;

— key parameter values for standard data formats (e.g. number of samples, sample rate, data type,
endian);

— level of detail achieved: reconnaissance, engineering, detailed engineering, pre-drilling well site;

— verification of acoustic pulse quality (for seismic reflection methods);
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— record of QC checks;
— assessment of limits (resolution, depth) of data;
— raw and processed seafloor mapping data and sub-seafloor mapping data;

— descriptions of equipment used for seafloor mapping and sub-seafloor mapping, including
positioning equipment;

— equipment operating parameter values;

— S UIITIAL y Uf cquiylucut PEl fUl IIIdIicc dlld lilllitdtiullb (CS attcuuatiuu},
— | geodetic and projection parameters;

— | information about vertical datum used on charts and maps;

— | details of all relevant equipment checks and verifications, including diagrams where appfopriate;
— | log of recording equipment used on each survey track line;

— | locality map;

— | vessel layout diagram showing offsets to sensors from the centyal reference point;
— | map(s) of survey track lines;

— | diary of events;

— | description of full sequence for data processing, including parameter values selectedl for data
processing.

9.3 Record of data processing

Data processing shall be described in sufficient detail for specialists to gain a thorough undgrstanding
of how the datasets presented for interpretation and analysis have been produced from rawlfield data.
The following is a list of subjects that can be included:

— | description of processing techniques applied to the datasets, including a rationald for tests
carried out;

— | description of the-processing sequences used, including positioning data and includipg quality
management;

— | origin of thetidal corrections used (if applicable) and a description of how they have bepn applied
to the data;

— | an-assessment of the data quality and resolution of the processed datasets.

be an uncertalnty ana1y51s a pOSSIble error budget or an approx1mate estlmate of positioning
measurement error.

9.4 Results report

The results report shall include description of results as defined by the project specifications. It should
cover in detail the findings of seafloor mapping and sub-seafloor mapping. It can also provide an
interpretation of the data rather than just be a statement of facts.

Charts, feature maps, horizon maps and interpreted profiles should be included, if specified by the
project specifications, to illustrate the interpreted results of the seafloor mapping and sub-seafloor

mapping.
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The project specifications can define the results report in a way that the acquired results of seafloor
mapping and sub-seafloor mapping are consistent with other sources of information, which can include
the following:

— data from previous seafloor mapping and sub-seafloor mapping;
— soil investigation data;
— top-hole well logs;

— exploration seismic data;

— data gdbout existing offshore structures;

— publid domain data.

10 Datalintegration, interpretation and investigation of geohazards

10.1 General

The data|collected and processed in a marine geophysical investigatipn\shall be interpreted gnd
reported in accordance with the project specifications. This chapter describes how marine geophysical
data can He integrated with other data. For other types of seafloor and(sub-seafloor mapping a simjlar
procedurg can be followed.

Although there are great variations in project types and the complexity of the seafloor and sub seaflqor,
the technigues described here will be common to many marige site investigations, the differences bejng
in the scope and level of detail involved.

Guidance pn the integration of geophysical, geotechni¢al and other data is given in A.10.7.

10.2 Horyizons, isopachs and isochores

Horizons pre interpreted by systematicallyy picking a consistent phase of the wavelet. In the casq of
an appropgriate grid of survey track lin€s, these picks can be spatially interpolated to produce maps
displayed|as contoured surfaces in thie-form of isopachs or isochores. Horizon maps should be created
in the depfh domain. Results can additionally be produced in the time domain.

The pararheters and parametervalues used to generate isopachs and isochores shall be described in
the results report. Informatien reported typically includes

— distripution of the/data points used,
— interpgolationfechnique used and the parameters and parameter values applied,

— smoothing dpplied, and

1 - h] - b - h] - h]
i SurfaLU'buULl dCLIUIT d1ITU CUOITLOUT=gCIICT dUIUIT PdT dITIICLETS AU PdI dIIICLET VAIUCTS.

10.3 Mapping stratigraphic units and defining geochronology

Interpretation of seismic data can provide maps of ground unit boundaries where significant contrasts
in acoustic impedance occur. Ground-truthing, correlation with, for example, seabed samples or
borehole samples, can enable these boundaries to be coupled to ground types and inform on the
significance of the seismic horizon.

Where covered by the project specification, the following details of ground-truthing data shall be
included in the results report:

— positioning data, including geodetic datum;

50 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=99bd6fb87756769ba69c3144ca86455a

ISO 19901-10

offset distances and azimuths from relevant survey track lines;
geotechnical logs or CPT profiles;
ground characteristics;

nature of correlation - continuous, discontinuous, etc.

:2021(E)

Details of ground-truthing shall be described in the results report according to ISO 19901-8, where

applicable. Any characteristics of ground (soil, rock, made-ground) that have been correla
seismic data should be noted in the results report.

ted to the

The result can be illustrated by superimposing the ground-truth data on a vertical section of]
sulbb-seafloor mapping data or an interpretation of the sub-seafloor mapping data. This)thg
th¢ definition of stratigraphic soil units. The products will enable an understanding.ofishall
gedlogy and/or provide refinements to the ground model.

Geplogical and geochemical tests performed on samples acquired by maringe,soil investigat
us¢d to define geochronology and constrain the timing and frequency of past geological ev
infprmation can aid the assessment of geohazard recurrence.

104 Time-to-depth conversion

Seismic reflection data are generally presented in terms of TWT from source and receiver. |
ulti-channel seismic, this will be corrected during ptocessing to the CMP. Interpretq

owing formula:

Depth = (Velocity x TWT) / 2

Ac

trything. Time-to-depth conversions.should consider, in order of preference

velocity derived from borehole“geophysical logging in relevant ground strata at or cl
survey track line(s) of interest,

correlation between seismic data and marine soil investigation data where there are
depths to strata botndaries that are identified with a high level of confidence as seismic

other sources stich as a vertical seismic profile, or

velocities derived during seismic data processing.

If g
for
an

nly velocities derived during seismic data processing are available, then time-to-depth d
a point of interest, such as a planned offshore structure, should be based on the close
Wlysis. The chosen analysis should be checked against neighbouring analyses and the iy

the actual
n leads to
dW section

on can be
ents. This

In the case
d horizon
s of depth

ow a vertical datum which requires the conversion ofitwo-way travel times to depth accorgling to the

furate time-to-depth conversion is often’ critical to the interpretation of seismic data and ground-

bse to the

measured
reflectors,

onversion
5t velocity
iterpreted

oo oSt

Time-to-depth conversion of isopachs can be based on a single velocity function or a velocity grid derived

from velocities derived from seismic data processing. In some circumstances, it can be vali

d to make

adjustments to the grid based on information from marine soil investigation and hydrocarbon wells.

Details of time-to-depth conversion method(s) used shall be clearly described in the results r

10.5 Borehole geophysical logging

eport.

Borehole geophysical logging is an invasive technique that can be performed in both soil and rock. It
can provide an invaluable additional data set, and a variety of different parameters can be measured,

recorded or inferred. Borehole geophysical logging is covered in detail in ISO 19901-8.
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10.6 Investigation of geohazards

One of the most important objectives of marine geophysical investigations is to provide input for
the identification, delineation, and analysis of geohazards. Guidance on use of geophysical data for
geohazard analysis is given in A.10.6.

10.7 Integrated studies

Regarding integrated studies for geotechnical engineering purposes, the following should be kept in mind:

— GOOd .,Ullllllullil,cltiull aud iutc1 ClLtiUll ill tllC lllu}ti dib\,ip}illal y tCCllll Luudu\,tius all iutcsl atcd Dtl dy
are essential, so that the practical limitations, uncertainties and engineering implications related to
each det of geophysical and geotechnical data or methods are properly understood;

— The derivation of quantitative soil properties using geophysical data is a challenging exerdise
with |nherent uncertainties that should be assessed consistently by integrated teams includjng
geologists, geophysicists and geotechnical specialists;

The geotefhnical parameters derived from a ground model for designing the foundations of the plannped
structures$ shall be verified and validated by a geotechnical specialist.
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Annex A
(informative)

Additional information and guidance

This annex provides additional information intended to assist the understanding or u

A marine site investigation should, where applicable, identify potential geohazards that can ej
thq lifetime of the offshore structure. This aim should lead to, when planning.a marine site inv
anfintegrated and concerted set of data acquisition, processing and analysisrequirements. Th
digciplines should interact from the start of the planning, as the different specialists will
different types of geohazards. However, not all marine geophysical investigations need to b
myltidisciplinary efforts. For example, in areas or regions wheré_conditions are predictabl
unflerstood, a marine geophysical investigation can be considered as a screening exercise
unexpected, unusual or problematic conditions could applyto'the offshore structure(s).

It ip usual for several parties to be involved in a singleimarine geophysical investigation. De
forlexample, can be carried out by a client. Processing@f acquired data is not always performe
acquisition contractor. Data interpretation and integration can be carried out by a client, a g
comsultant, or a team of two or more of the abeve. In these cases, it is important that the
clepr management structure and contains the@ppropriate technical skills.

Detailed engineering seafloor mapping ‘and detailed engineering sub-seafloor mapping
to
comnected with platform foundations in areas of high seafloor scour potential. These suf
canp allow accurate calculation of rock quantities, required length of trenching or ploughing,
selpction of trenching/ploughing'tools.

Detailed engineering seaflodr mapping and detailed engineering sub-seafloor mapping can
depth of product (or engiheered structures) and depth of cover as well as the horizontal ar
position of an existing pipeline. The data can also provide detailed information on the pipelin
interface and theseafloor in close vicinity to the pipeline. The data can also be interpreted to
condition of thé pipeline, focusing on any damage to the pipeline or conditions that can lead

in the future-(e’g. free-spanning).

A.2 _‘Normative references

:2021(E)

se of this
kes in this

istduring
pstigation,
erelevant
recognize
e complex
b and well
o check if

bk studies,
1 by a data
ontractor,
cam has a

tan relate

ipe/cable routes. Detailed engineering seafloor mapping can also relate to rock dumping and be

vey types
or correct

document
d vertical
b—seafloor
reveal the
0 damage

No additional guidance is provided.

A.3 Terms and definitions

No additional guidance is provided.

A.4 Symbols and abbreviated terms

No additional guidance is provided.
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A.5 Objectives, planning, and quality control

A.5.1 General

A.5.1.1 Objectives and project specifications

No additional guidance is provided.

A.5.1.2 Georeferencing and GIS

Considerafion can be given to use of the seabed survey data model (SSDM) for data exchange. Note.t

‘seabed’ in

The core d

a) seafld
marin
b) positi
c) datab
docur
The SSDM

— data rhodel for marine soil investigation data,

— data thodel for deployed equipment/processed data which has vendor proprietary or industry

facto

— data model for underlying data processing system, e.g. multi-beam echo sounder raw data 4

proce

The SSDM
and text d

Table A.1

54

the SSDM refers to characteristics of both the seafloor and sub-seafloor.
f the SSDM is a geodatabase data model capturing

or features, seafloor/sub-seafloor geohazards and features interpreted frem\some types
e geophysical investigation,

bning data, and

hse tables and inventory of records of seafloor mapping and sub-seafloor mapping 4
nent management.

excludes

format, e.g. SSS images and traces, and

ssed data.

cument). These data can be hyperlinked via GIS feature class attributes.

putlines general GIS/spatialinputs into the SSDM.

Lstores complex and non-GIS data in(their respective formats (e.g. XTF, GeoTIFF, SEG-D/SE(

hat

of

nd

nd
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Table A.1 — GIS/spatial inputs into SSDM

ID Data type Deliverable format g quipment/
ata sources
Survey navigation . .
1 tracks/Positioning data SSDM (survey tracklines) Survey tracklines?
2 Survey chart extents SSDM (chart index) Chartindex based on charts
generated
3 Survey extents/Project details SSDM (survey key sheet)
Survey equipment limits SSDM Equipment zones of is¢ polygons

SSDM (seafloor features,
5 Seafloor features, ground types, |sediments, isopach, geological SSS data, MBES data, sub-bottom
geological features, geohazards |features, acoustic anomaly, fault, |profiles, HR seismic
paleo channel system)

1. georeferenced raster
database, GeoTIFF or
JPEG2000 of image mosaic?

6 SSS imagery (NO DATA = 0,0,0¢ or|SSSdata

255,255,255)

2. XTF

georeferenced raster, database,
GeoTIFF or JPEGZ2000 of image
mosaicP (NO DATA = 0,0,0 or
255,255,255)

7 MBES backscatter data MBES data, SSS data

Offshore structures (e.g. pipeline

or platform as-built deliverables) SSDM:(éffshore structures) SSS data, MBES data, RV

SBP data, HR 2D seismic or UHR

9 Seismic section SEG-Y ..
seismic

1. SSDM (raster dataset or
georeferenced terrain) SBP, HR 2D seismic or JHR seis-

2. ASCIIX, Y, Z (below seafloor) | ™€
file of the horizon

1. SSDM

10 |Seismic horizon

Environmentalinformation (e.g.
11 |water samples, ROV video loca-
tions, etCy)

Movie file format (*wmv or|ROV, water or soil samgling,
similar) gravimeter, magnetomgter

3. Imagesas TIFF, JPG or similar

a | Thisiswequired for all equipment for the survey e.g. MBES, SSS, SBP, etc. Shot points/fix positions should b¢ embedded
as ['M” yalwes within the survey tracklines feature class.

b | Compilation of SSS records to form a geo-referenced seafloor acoustic image.

A.5.1.3 Ground model

A ground model that integrates multiple forms of data and is set within a temporal and evolutionary
framework of a defined area or volume of ground can provide a thorough spatial understanding and
summary of the static and active conditions (geological processes) that have existed in the past, are
present now, or can operate in the future. The ground model will typically be updated and refined during
the course of an investigation as more data becomes available and can take the form of an engineering
geological model upon which, for example, key decisions regarding geohazard risk, optimised data-
acquisition programmes, layout plans, and foundation designs can be based.

During the desk study, the initial ground model is developed to initially define the geological conditions,
sub-seafloor stratigraphy, and spatial soil variability throughout the project area. Upon completion of
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the geophysical programme of seafloor and sub-seafloor mapping, the data are interpreted, and the
model refined, so it can be used to plan the scope of the marine soil investigation. The ground model is
valuable in terms of understanding the sub-seafloor conditions, selecting logging, sampling and in situ
testing locations, and selecting geotechnical procedures most appropriate for the interpreted ground
types (refer to the guidance provided in ISO 19901-8). The ground model also allows the identification
of sites where the most uniform ground stratigraphies exist. In consultation with field developers,
ground models can be used to select optimal locations for offshore structures to minimize uncertainty
in soil conditions, and problematic anomalous areas can be avoided. All this information plays a critical
role in establishing the final scope of a marine soil investigation.

An integrated-geoscience—study-to—develop—a—rehablegrod o s—bestearrietdoutbya q of
geologisty, geophysicists, geotechnical engineers, offshore structure facility designers, and-other
supporting geoscience professionals, who interact closely throughout the study. The interdis€iplingary
collaboratfion should begin at the start of the desk study phases at the planning stage and continties
through a]l subsequent phases. Clear communication of all geological and geotechnical conditions gnd
constraintgs is essential to confirm that the final locations of offshore structures and field architectyre
are placed at optimum sites. The geotechnical engineer, geologist and geophysicistywill work clogely
together yith offshore structure designers and facility planners in selecting the most appropripte

foundatiop types for the soil conditions and geo-constraints defined in the ground model.

A.5.2 Desk study

The outpyt of a desk study should include an initial ground model. The model can aid in defining the
scope of the marine geophysical investigations and marine spil investigations, identifying:

— area tp be studied;

— existihg available data (public domain, in-house,\etc.);

— existihg current understanding of the site, including literature review;

— gaps in the current understanding of the'site;

— requifements for additional data.collection to fill gaps in the understanding of the site;
— level ¢f detail and accuracy réquired for the desired investigations;

— interrfational and national tegislations and regulatory environments (e.g. corals, archaeology)| as
well as infrastructure;

— whetler specific specialist studies are required in the area (such as slope stability, seepage, etc.).

A desk styidy for‘aMarger-scale development typically includes an early assessment of the potential
degree of fFisk. posed by each geohazard for an offshore structure. This will aid the planning of a marjne
geophysicpl-investigation. Table A.2 (Reproduced from Reference [75] with permission) shows|an
example f varions foaturec cganlaagical nracoaccoac ar caonditiane and tunical coanhvucical data that ¢ be
A el s hdhded s hhd et | A e e i hV Ml S S A f kbbb g bl

used to assess the hazard, and ultimately the risk to infrastructure. The performance of a marine soil
investigation is also recommended in most cases.
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Table A.2 — Examples of geological processes or conditions which can constitute a hazard, and
recommended relevant geophysical data

Features, geological process or
condition (geo-hazard)

Recommended geophysical data

Slope gradient and irregular seafloor
topography

MBES, (alternatively, Exploration 3D seismic data
water environments)

in deep

Fault displacement/ offsets

SSS, sub-bottom profiler, UUHR/UHR/HR 2D/3D sei

smic data

Slope instability

SSS, sub-bottom profiler, UUHR/UHR/HR 2D/3D  5ei

smic data

Debris/Turbidity flows SSS and sub-bottom profileral;gHR/UHR/HR 2D73D seismic
Spatial soil variability SSS and sub-bottom profileragtl;HR/UHR/HR 2D/3D seismic

Currents

MBES, SSS and sub-bottom profiler

Fluid/Gas expulsion Shallow water flow

Gas hydrates

Exploration 3D seismic and UUHRYUHR/ HR 2D/3D s¢

Converted wave seismics

ismic data

Permafrost

MBES, SBP, UUHR/UHR/HR2D/3D seismic data, re
electromagnetics

fraction,

Diapirism (e.g. salt, mud)

MBES, SBR,UUHR/UHR/HR2D/3D seismic dz

ot

a

Coral reefs

MBES, SSS, SBP, imagery

A.3.2.2 Use of exploration 2D and 3D seismic data’in a desk study

No[additional guidance is provided.

A.3.2.3 Desk study for pre-drilling well-site investigations

Mdrine site investigation reports andudrilling reports for nearby offset wells can be used fo identify
pre-drilling well-site geohazards,and/or operational difficulties experienced in the area, for example
shallow gas, lost circulation, pder rig foundation or other rig emplacement problems, top-hgle section
drilling problems, and difficulties installing conductor pipes. Relevant geohazards and operational
difficulties should be specifically addressed in planning of the marine site investigation. Existing data
can also provide partial or complete coverage of the area around the planned wells. When ¢valuating
whether existing datacan be used for a new well location assessment or if new data need to b¢ acquired,
the data types, the.age of the data, the type of rig and the well plan should be considered.

A pre-drilling-desk study carried out over a large area at an early stage in the well planning process
thdt providésjearly insight into geohazards can be a valuable source of information into explofation and
appraisal‘drilling plans for the area.

If théproject concerns a marine site investigation for drilling of the upper portion of a hydrocqrbon well,

g prop g location.
If there is any possibility of a change of surface and/or terminal depth locations prior to drilling, the
investigation area should include these alternative locations. It can be beneficial for the investigation
area to be sufficiently large to cover any potential stand-off locations and relief-well drilling locations,
although in the event of a well control incident relief-well locations will require resurvey before they
can be used.

A.5.3 Scoping and planning

A.5.3.1 General

While this document treats the desk study separately from the project scoping, sometimes the project
scoping will be treated as part of the deliverables of the desk study.
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Although Figure 2 shows many stages in a marine site investigation, an individual investigation does
not need to include all these stages. For example, a client can require a relatively straightforward
seafloor mapping as part of a much larger field development study. The contractor who carries out the
seafloor mapping might be contracted only for the field data acquisition and can be provided with the
desk study to aid survey planning. The seafloor mapping results can be incorporated into the initial
ground model by others.

In the more complex situation of a major field development, most if not all of the stages shown in

Figure 2 a

re required.

A.5.3.2

A.5.3.2.1
No additid

A.5.3.2.2
No additid

A.5.3.2.3

Engineeri
mapping.

A.5.3.24

No additid

A.5.3.2.5
No additid

A.5.3.2.6

No additidg

A.5.3.2.7
No additidg

A.5.3.2.8

To replacd

dCoping of sealloor mapping and sub-sealloor mapping

General

nal guidance is provided.

Reconnaissance seafloor mapping

nal guidance is provided.

Engineering seafloor mapping

g seafloor mapping is commonly carried out simultaneetisly with engineering sub-seafl

Detailed engineering seafloor mapping

nal guidance is provided.

Reconnaissance sub-seafloor mapping

nal guidance is provided.

Engineering sub-seafloor mapping

nal guidance is provided.

Detailed engineéring sub-seafloor mapping

nal guidance-s.provided.

Pre-drilling well-site investigation seafloor and sub-seafloor mapping

elg

new HR seismic acquisition with existing exploration 3D seismic data, the data should m|

the follow|

ing criteria:

r,et

— Frequency content: The dataset should preferably possess a useable frequency content up to, and
beyond, 60 Hz to the full depth of interest below seafloor;

— Seafloor reflection: should be free of gaps and defined by a wavelet of stable shape and phase to

allow

auto-tracking of the seafloor event with minimum user intervention and guidance;

— Acquisition artefacts: such as cross-line statics and/or amplitude striping, though possibly
identifiable in the sub-seafloor, should not detract from the overall interpretation of a picked event
when mapped in time or amplitude. Similarly, time slices or windowed attribute extractions should
be devoid of or show minimal acquisition artefacts that might otherwise be to the detriment of their
interpretation;
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Merge points: between datasets of differing origin or vintage that cross a study area should be
marked by minimal - and preferably no - time or phase shifts and amplitude changes across the
joins that might otherwise be to the detriment of the interpretation;

Bin sizes: processed bin sizes should preferably be less than 25m in both the inline and crossline
direction;

Sample interval: Processed output sample interval should preferably be 2 milliseconds and certainly
no more than 4 milliseconds. This can be achieved by extracting a near offset subset from the
original volume;

In
fre
by

Ex

soi
an
acq

Ex
int]
res

Re
ouf

Imaging: Attention to definition of an accurate velocity model in the sub-seafloor in_processing
should have allowed optimum structural and stratigraphic resolution to have been.dchigved in the
migrated volume. The sub-seafloor should show minimal indication of under, of)over, |migration
artefacts;

Multiple energy: should either be unidentifiable or at a level that does not interfere with thje analysis
of the sub-seafloor;

Data coverage: the available exploration seismic data coverage should fully meet the guiglelines for
data coverage set out above.

water depths of less than 300 metres, the above criteria,are ‘generally not met becayse of the
quency content of the data and the long seismic recording effsets, but this can be decided|on a case-
case basis after review by geohazards and 3D seismic specialists.

bloration 3D seismic data is not suitable for seaflear mapping for the detection and njapping of

ob1lects and obstructions on the seafloor, neither iszit suitable for sub-seafloor mapping ¢f shallow

s that affect, for example, anchoring. For this reason, special consideration will need to b¢ given for
thored rigs in deep water where a side scan.sonar survey and sub-bottom profiler survey, possibly
juired using an AUV, might be needed.

bloration 3D data should be used at their optimum spatial, temporal, bit resolution and sampling
erval. Data should be loaded to a workstation unscaled, at no less than 16- and preferably 32-bit data
olution.

brocessing of exploration 3D\data, either through production of a near trace or short-offset subset,
put of a high-resolution velocity model (e.g. using FWI or other techniques) or by applicati¢n of other

processing techniques (e.g.-deghosting), can deliver significant improvements in resolution} and data

qu

exploration 3D datasetfails to meet the minimum data acceptability criteria set out above.

Fu

A.]

A.§

hlity or interpretational information. Such approaches should be considered, especially if the original

"ther informatien is available in IOGP report-373-18-1[301,

b.4 Qperations planning and data quality management

41" Quality plan

When selecting a vessel as an operational base or as a survey platform for seafloor mapping or sub-
seafloor mapping, the following factors should be considered:

Vessel suitability for efficient and safe operations in the proposed survey area. Vessels that can
support acquisition of multiple methods of mapping concurrently in a single survey pass are
generally preferred over vessels that can only supportacquisition of the data in multiple-pass mode;

Previous experience in the area of operations, and the techniques and equipment required;
Vessel accreditation for compliance with regulatory requirements;

Whether the vessel is owned or is on long-term charter to the contractor performing seafloor
mapping or sub-seafloor mapping and permanently mobilised with all mapping equipment. Ad hoc

© IS0 2021 - All rights reserved 59


https://standardsiso.com/api/?name=99bd6fb87756769ba69c3144ca86455a

ISO 19901-10:2021(E)

vessels that are mobilised specifically for a marine geophysical investigation will require a period
of ‘shake-down’ and are more likely to be affected by technical problems than contractor-owned or
long-term charter vessels with survey equipment permanently installed;

— If the vessel’s operator and contractor performing seafloor mapping or sub-seafloor mapping
are different companies, then consider the establishment of an operational management system
(‘bridging document’) between the marine operational and marine geophysical investigation sides

to ens

ure an integrated team.

Additional factors that can be useful to consider are

— deck Iandling equipment,

— freeb

— vesse

— mininium/maximum speed possible and economical cruising speed, and

— vesse
— requi

For efficig
wind and
be gleane
models. K

seafloor njapping, survey track line orientation and other project specifications.

It is not cd
However,
be cost bd
marine ge

When plapning and conducting a marine geophysical investigation, HSE issues should be considered.

key eleme
resources

Vessel HS
inspectior
in additio
these insj
between f]
inspectior

A QMS do
specialist
distinguis

ard for deployment/recovery of survey platform(s),

audit history,

noise signature, if available, and
rement to work close to existing structures.

nt planning, metocean data for the site should be used,/ineluding prevailing and lij
surface current speeds and directions and the anticipated sea states. This information

l from pilot books, tide tables and public domain data sets or derived from metocean d
howledge and understanding of these data can influence timing of seafloor mapping or s

mmon practice to acquire metocean data specifically for marine site investigation purpos
metocean data might need to be acquired forthe well drilling or planning process. There
nefits in acquiring such data or deploying)/retrieving metocean instrumentation during
pphysical investigation.

ht of this is the preparation of project-specific HSE plans and ERPs. These can utilize the jg
of the client and the contractor.

E inspections should be-undertaken prior to and during operations, as appropriate. Th
s should include over-the-side systems, operational processes and HSE management syste
h to the required inspection of statutory items of the vessel. Any action items identified
ections should beollowed up and closed out expediently. The maximum required per

ely
an
hta
1b-

es.
an
Lhe

int

ESe
ns,
by
od

hese HSE inspections can be given in the project specifications. A common interval for sfich

s is twelve.months.

es not.operate in isolation. A well-designed QMS will still fail, if it is implemented by n
personhel who do not have the experience to recognize good practice, or who can
hgood data from bad data.

DI -
not

For marine geophysical investigations, quality management will typically require expertise in the

following:

— positioning;

— geophysical theory and practice relevant to the tools being used;

— instrumentation used on the project;

— data processing techniques;

— interpretation methods;

— team coordination;
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The persons involved in marine geophysical investigations should be fully experienced in the quality

management procedures required for the relevant activities.

A.5.4.2 Effects of attenuation

Sub-seafloor mapping is fundamentally different from seafloor mapping, because attenuation plays a

significant role in sub-seafloor mapping but is not an issue in seafloor mapping.

brgy from the seismic source. Other mechanisms include spherical divergence (or other

thijough frictional losses, either as a result of grain-to-grain motions, or as result‘of induced
within the sub-seafloor.

On
exi
fre
Th
obf
dis

result of the frequency-dependence of attenuation is that, for a giveh energy output, 4
sts between resolution and penetration; improved resolution is ebtdined by increasing
quency content within the signal, but penetration decreases with-increasing dominant
s is true of almost every method of sub-seafloor mapping;improvement in resoluti
ained at the expense of penetration, and vice-versa. Attentiation also varies with soil pa
tribution; generally, attenuation increases, and penetration.decreases with increasing par

Th
str
in
req
gra

Th
att

e specification of methods for the acquisition of geophysical data for the description
ptigraphy and deeper investigations should recognize that attenuation can play an impo
letermining whether usable data are obtained. ItJs possible that some soils cannot be im4
uired depth with the required resolution, patticularly in case of coarse-grained soils (i.
vel).

b decision tree in Figure A.1 provides-a framework that can be used to manage the
enuation in sub-seafloor mapping

ceometric
on losses.
ependent;
b it to heat
fluid flow

trade-off
dominant
[requency.
n will be
rticle size
ticle size.

pf shallow
rtant part
ged to the
b, sand or

effects of
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Review existing data for soil types and
previously successful methods. Note
resolution / penetration.

Y

Specification of desired resolution
and penetration depth

Selection of appropriate source(s)
and deployment platform(s)

Y

Test method on site: check against
borehole technical logs if possible.

Y

Alter acquisition system: increase
pr decrease power; alter method,
frequency, geometry, platform

A

Response
acceptable?

Continue mapping

Ky

Other methods
available?

N l
Assess limits of data, and

recommend appropriate
marine soil investigation

A

Figure A.1 — Decision tree for managing the effects of attenuation

A key point-mplied in Figure A.1 is that for sub-seafloor mapping it is not possible to achievg a
combination of resolution and penetration depth simply by stipulating it in a project specification.
This is particularly important in areas where no nearby sub-seafloor mapping has been performed
previously. In these areas, it is recommended to have multiple systems on-hand, in order to manage a
range of sub-seafloor conditions and therefore a range of attenuation levels.

A.5.4.3 Data quality management

No additional guidance is provided.
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A.6 Positioning

A.6.1 General

No

additional guidance is provided.

A.6.2 Coordinate reference systems

No

Du|

GN

po

additional guidance is provided.

:2021(E)

A.t.d suriace positioning requirements

ing mobilization of the marine geophysical survey vessel it should be checked that

the GNSS positioning systems are operating correctly and to specification,

measured accurately and applied correctly, and

coordinate transformation parameters are applied correctly.

't and in-field verifications against independent control points’and by in-field verificati

ingtallations/ structures with known coordinates where theseexist and can be used.

A.6.4 Vessel heading

Fo1

forfsmall (autonomous) surface vessel and for turhulent port conditions.

As

an alternative to reciprocal vessel heading'checks, vessel heading sensor alignment can be

using dynamic methods that utilize fixed.ifistallation GNSS receivers on vessels

A.¢.5 Sub-sea positioning — Ultra-short baseline system

Th

e USBL positioning measureément error depends on the slant range between the trans

the transponder/responderomn the towed equipment; the water depth in the survey area
determines how accurately survey equipment towed near the seabed can be positioned. |

calibrated, USBL systems$ typically provide a relative positioning measurement error of b

0,3 % of slant range.

Th

e absolute medsurement error of conventional USBL systems will eventually increase to un

levels as the water depth and hence slant range to the towed equipment increases. The

str
tol

brancesrequired:

Using a responder where there is only a single through water path, the responder is trig

ptegies €an' be employed to keep the absolute positioning of the towed equipment ¥

offsets between GNSS antennae, common reference point and survey sources and redeivers are

SS positioning systems, offsets and coordinate transformation‘parameters can be validdted by in-

n against

short baseline and unstable sea conditions, GNS$heading accuracy can be worse than gyjocompass

calibrated

ducer and
therefore
ff properly
ptter than

icceptable
following
vithin the

bered by a

sigmat sent dowTr the tow wire to Sub-Sea equipIent;

Aid the USBL by incorporating a depth sensor on the towed equipment, so that the USBL system only

has to compute the plan position of the towed sensors;
Using a depressor on the towed equipment to shorten the layback;
Aid the USBL by incorporating an Inertial Measurement Unit on the towed equipment;

Optimise the operating frequency of the USBL. The majority of USBL operate in the MF ba
possible to utilize equipment in the LF band.

nd butitis

Very long tow lengths will affect operational efficiency and the use of AUV as the vehicle to carry the
sensor suite should be considered. AUVs have the advantage of utilizing many of the aiding systems
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mentioned and can be positioned close to the support vessel in plan thus minimising layback. The removal
of a physical connection from the vessel to the AUV decouples the sensor suite from vessel motion.

A.6.6 In

ertial navigation system

Positions from INSs can be improved by post-processing, using corrections obtained from a variety
of verifications, such as comparisons of INS-observed positions of sub-sea equipment versus known

positions.

A.6.7 Auxilliary sensor: doppler velocity log

No additidg

A.6.8 Auxilliary sensor: altimeter

No additid

A.6.9 Auxilliary sensor: pressure-depth sensor

No additid

A.7 Sea

A7.1 Ge

IOGP Rep
equipmen
equipmen
systems, 1
and data i

A.7.2 In

A7.21

MBES sys
provides g

Multi-beam echo sounder

nal guidance is provided.

nal guidance is provided.

nal guidance is provided.

floor mapping

rneral

brt 373-18-2[31] provides a comprehensive technical reference on survey techniques 2
f for a pre-drilling well-site geohazard investigation. This report covers the types of sury
I recommended, including positioning equipiitent, echo sounders, SSS, seismic acquisit
hagnetometers and equipment for marine sdils investigations. It also covers survey plann

htegration, interpretation and reporting:

strumentation and acquisition'parameters

tems can vary accordifig to the frequency bandwidths of their emitted pulses. Table
uidance on appropriate-bandwidths according to water depth.

Table A.3 — Suggested frequencies for MBES systems

nd

ey
on

ing

\.3

Term Depth range Frequency range
Shallowwwater, vessel <25 m 100 - 500 kHz
motnted, or vehicle mount-
éd\in deeper water - AUV,

ROV or ROTV

Standard, vessel mounted 25mto 750 m 50-200 kHz
(neither shallow nor deep)

Deep water, vessel mounted 750 mto 1800 m 30-100 kHz
Ultradeep water, vessel 1800mto3000m 15 -60 kHz
mounted

Abyssal, vessel mounted >3 000 m 10 - 15 kHz

A.7.2.2 Side scan sonar

Figure A.2 provides an example of how to design a side scan sonar survey according to the required
level of coverage.
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