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| ntr oduction

The Offshore Ingalations (Safety Case) Regulations 1992 require owners of mobile ingdlaions in
the UKCSto submit a Safety Case for each ingtdlation. The Case must include particulars of (a) the
limits of the environmenta conditions beyond which the ingtdlation cannot be safely stationed or
operated and (b) the properties of the seabed and subsoil which are necessary for the safe
gationing and operation of the indalatiion. The Offshore Ingdlations and Wells (Desgn and
Congruction, etc.) Regulations 1996 require well operators to assess (a) the geologica strata and
any fluids within them and (b) any hazards which the strata may contain. A rig Ste survey is required
by the well operator to adequately assess the hazards of shallow formations and for the rig owner to
demondirate that the environment and seabed conditions are suitable for the rig.

These Guidelines am to clarify current (March 1997) regulatory requirements and describe what is
regarded as "good industry practice’ for the conduct of rig Site surveys in support of mobile drilling
rig operations. As a more formally mandated UKOOA document, they are an update and take the
place of the " Technical Notes for the Conduct of Maobile Drilling Rig Site Surveys" issued
in 1990.

Volume 1 of the UKOOA Guiddines for the Conduct of Mobile Drilling Rig Ste Surveys
summarises objectives and requirements for such surveys. Volume 2 describesin greater detail, the
bass for the requirements, and the technical standards and methods required to fulfil them. It is
recognised that the guidelines will need to be revised as new equipment and techniques become
avalable

It is not intended that these Guiddines are a text book on geophysics or geodetic positioning.
Literature on these subjects is abundant and a selection is given in the References and Bibliography
Section of this Volume (Section 1).

While regulations clearly establish a requirement for rig site surveys to be undertaken,
the survey methods described in these guidelines are not mandatory. Operators may adopt
different methods in particular Stuations where to do so would maintain an equivalent
standard of quality and of Health, Safety and Environmental protection.

It is stressed that it is the responsibility of Operators themselves to keep abreast of
Legidation, Regulations, Statutory Instruments and Departmental Notices, as well as
local gover nment laws and bye-laws.

SECTION A summarises exising L egidation, Regulations and Guidelines relevant for UKCS
rig Ste survey operations.

SECTION B briefly describes the principles of rig site surveys and the Interpretation and
Reporting of the acquired data. This Section includes prompts to aid the planning and
communication dements to ensure maximum benefit from such ste surveys. Guiddines are provided
for retention and validity of survey data

SECTION C provides a brief but comprehensve guide to the Geophysical Considerations
which will determine optimum acquisition techniques and equipment for the seismic dement of rig
gte surveys. It is the seigmic dement which provides informetion for prediction of potentid drilling
hazards and condraints and the study of variation in shalow soil conditions.

SECTION D describes the principles which should be consdered when specifying or proposing
Postioning sysemsfor usein rig Site surveys.

SECTION E provides a detailed overview of the Survey Equipment which may be encountered
on rig Ste surveys. The selection of gppropriate insdrumentation is essentid to ensuring adequate
datais acquired to meet the survey objectives.
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SECTION F provides a detailed summary of Data Processing, which is an important dement in
ensuring that acquired data is presented for analysis in the best possble format, to achieve itsfull
potentid.

SECTION G summarises the Statutory Record and Sample Requirements for rig Ste survey
data.

SECTION H provides an explanation of Abbreviations and Units which feature in these
Guiddines and are in common usein UKCSrig Ste survey operations.

SECTION I isalig of Reference Bibliography used in the Guidedines or of direct relevance to
UKCSrig Ste survey operations.

Definitions
For the purposes of these Guidelines, the following terms and meanings apply:

Operator - is the person a company having a valid UK Government Licence to explore for
and/or produce hydrocarbons in a defined area of the UKCS and who is responsible for
specifying the drilling requirements. Current legidation defines this person or company as the
"Concesson Holder".

Rig Owner or Owner - isthe person or company who controls the operation of therig.

Survey Contractor or Contractor - is the company contracted by the Operator or the Rig
Owner to conduct geophysical, hydrographic and/or geotechnica investigations at a proposed
arilling location.

Specialist Advisor or Specialist - is a quaified and experienced geophysicist, hydrographic
surveyor or geotechnical engineer, as gppropriate to the technical context of the subject in
question.

It should noted that within the Regulations quoted within the introductory paragraph, there are
various definitions of “operator” which are not the same as listed above. These only strictly apply
to the Regulaionsin which they are stated. To minimise confusion, the definitions are reproduced
below as they emphasise the separate duties of the rig owner for which asite survey isrequired.

Operator (Safety Case) - in rdation to a mobile indalation means the person for whom the
owner has agreed to carry out the operation concerned, or where there is no such agreement,
the owner.

Well Operator (Design and Congtruction) - in relation to awell means the person gppointed by
the concesson owner for a well to execute the function of organisng and supervisng dl
operations to be carried out by means of such wel or, where no such person has been
appointed, the concession owner.
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Section A - Existing L egislation, Regulations & Guidelines
Offshore ste surveys on the UKCS should be undertaken within the confines of the following
legidation, regulaions and guidelines. Relevant excerpts are included.

Al
All

A.l2

A.13

A.l4

A.l5

A.16

L egislation and Regulations
Coast Protection Act, 1949

"An Act ... to provide for the redriction and remova of works detrimenta to
navigation."
Part 2 (as amended)

At Section 34(1) the consent of the Secretary of State (for Transport) is required for the
congdiruction, dteration, or improvement of works on the seashore that may cause an
obstruction or danger to navigation.

Section 34(2) - "The [Secretary of State] may as a condition of conddering the
application for consent under this section, require to be furnished with such plans and
particulars of the proposed operation as he may consider necessary.”

Continental Shelf Act, 1964

Section 4(1) of this Act extends the provisons of Part 2 of the Coast Protection Act to
"any part of the seabed in the designated ared’. From the guidance notes issued by the
Department of Trangport this in effect covers al parts of the UKCS where oil and gas
exploration and development is taking place.

Minerals Workings (Offshore Installations) Act, 1971

“An Act to provide for the safety, hedth and welfare of persons on ingtalations concerned
with the underwater exploitation and exploration of minera resources in the waters in or
surrounding the United Kingdom, and generdly for the safety of such ingtdlations and the
prevention of accidents on or near them.”

Asregards the need for site surveys, the requirements have now been repealed.
Petroleum and Submarine Pipelines Act, 1975

Schedule 2, Mode Clause 17 provides for the consent to drill requirements as set out in
the Department of Trade and Industry (DTI) PON 4.

The Health and Safety at Work Act, 1974 (HSWA)

This is an enabling act which imposes extra generd duties on employers whilst ill
requiring them to comply with al current legidaion which is rdevant to ther particular
business.

Under the Act, employers of staff have a statutory responsibility to provide a safe place of
work, and employees are required to take reasonable care in their work activities, and to
co-operate with their employers.

Offshore Safety Act, 1992

This Act brought exigting offshore legidation within the scope of the HSWA. It lso made
provison for the formulation of new god seting (rather than prescriptive) regulaions
which would implement specific Cullen recommendations including revocetion or reform
of outdated regulations.
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Al7

A.18

A.19

Petroleum Act (Production) (Seaward Areas) Regulations, 1988, No. 1213 (as
amended)*
"The Licensee shdl execute dl operaions in or in connection with the licensed areain a
proper and workmanlike manner in accordance with methods and practices used in good
oilfidd prectice.
Also, Schedule 4, Modd Clauses 31 and 33 lay out the requirements to keep specific
records and samples (as detailed in DTI PON 9).
(* Sl 1990/1332; Sl 1992/2378; Sl 1995/1435)
The Offshore I nstallations (Safety Case) Regulations, SI 1992, No. 2885
Reg. 5 - The owner of a mobile ingalation shal ensure that the ingdlation is not moved
in relevant waters with aview to its being operated there unless:
a)  hehas prepared a safety case containing the particulars specified in Reg. 8 and Sch.
3.
Schedule 3 - 'Particulars to be included in a safety case for amobile instalation:

b) the properties of the seabed and subsoil which are necessary for the safe stationing
and operation of the ingtdlation;

c) thelocationsin which the ingdlation may be stationed and operated safdly,

Reg. 11(2) - "The Operator of a mobile ingdlation shall ensure that the carrying out of

any operation in reation to awdl or proposed wel from the ingdlation is not commenced

unless a least 21 days before its commencement he has sent the Executive a notification

containing particulars specified in Schedule 6."*

Schedule 6 - "Particulars to be included in Noatification of Well Operations

Where operations in relation to a well are to be carried out from a mobile ingalation,

particulars of .-

a) the meteorologicd and oceanographic conditions to which the indalation may
forseeably be subjected;

b)  thedepth of water;

C) propertiesof the seabed and subsoil;

at the location at which operations will be carried out.”

The Offshore Installations and Wells (Design and Construction, etc.) Regulations,
Sl 1996, No 913

The Offshore Ingtdlation Design and Congtruction Regulations (DCR) came into effect on
the 30th of June, 1996 and are part of the new regulatory regime for offshore safety
cases, the forma notification of wel operations and follow-up ingpections and audits.
With regard to well operations, the DCR requires the duty holder to guarantee the
integrity of awdl throughout its life. This will involve a full assessment of the subsurface
conditions before the well is designed, accurate forecasts of the geologica sequence and
pressure conditions, identification of dl subsurface hazards and the formulaion of
contingency plansto ded effectively with awell control incident.
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A.1.10

Al11

A.112

Application for Consent to Drill Exploration, Appraisal and Development Wells.
DTI PON 4, May 1996.

“Applications for consent to drill should normally be submitted, by the licence Operator,
to the address above, not less than 21 calendar days prior to expected start of
operations.”
“The fallowing sections describe the information about the proposed wel which should
comprise the gpplication:-
7.  Shdlow Hazards and Hydrogen Sulphide
a) It should be dearly indicated if there is a possbility of shdlow gas & the
drilling Ste. A brief summary of the Site survey should be included.”
Record and Sample Requirementsfor Surveysand Wells. DTI PON 9, May 1996
This Notice applies to all wdls, Exploration, Appraisd, and Development, in both
Landward and Seaward aress.
Section 2 and 3 of this notice set out guiddines which indicate the type of information that
should be recorded, the detail which is required and the format in which it should be
presented. Section 4 ligts the type and minimum amounts of samples that are required.
Section 7 indicates where the records and samples should be sent.”
Only if requested, the following data shal be supplied within 30 days of the request.
Section 2.3 - "Site Survey Data (if requested)
()  Onereproducible transparency of each fina processed seismic section together
with areproducible transparency of the shot point location map at a suitable scae.
(i)  Where acquired copies of Sde scan sonar records with their track charts.
(i)  If avalable acopy of thefind interpretation report of the seabed/superficia deposits
investigation of drilling locations or indtdlation Stes
These data comprise the detailed record of the survey and are not the results asked for by
PON 4 Section 7 concerning shallow gas.
Section 4.2 - "Samples from the Seabed”
Portions of seabed samples and/or cores from boreholes penetrating below the seabed if
acquired.
Notification of Geophysical Surveys. DT1 PON 14, May 1996
"Section 2 of PON 9 dates the DTI's requirements. However, other Government
Departments need to be notified and, in certain cases, other interested parties consulted,
prior to geophyscad surveys, including sea floor surveys for platform or rig Stes, being
undertaken.”
"The DTI .... has the duty to ensure as far as possible that al Departments concerned and
BT are given a least 28 days written notice of intended surveys.”
"It should be noted that in the case of Site Surveys, while 28 days is desirable, shorter
natice is acceptable with aminimum of 14 days."
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A.113

Liaison with other bodies. HSE, Offshor e Oper ations Division. Oper ations Notice
3, February 1995

Section 5 - "Operaors should maintain close rdations at dl times with the locd officers of
the fisheries departments and for operations within Territorid waters with the appropriate
Sea Fisheries Committee. This will enable operations to be planned and avoid interfering
unnecessarily with seasond or intensve fishing activities™

Section 6 - "At least 14 days notice of al saismic activities should be given to the
submarine Controller, HMS Warrior, Northwood, Middlesex HA6 3NP so that the
necessary warning notices may be issued.”
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A2
A2l

A.22

A.23

Guidedlines

Seabed and Subseabed Data Required for Approvals of Sdf Elevating Platfor ms.
Noble Denton International Ltd, 1987

"The purpose of the dte survey is to provide data with which to evduate potentid
foundation hazards."(Section 1.3)

"The seabed surface shdl be surveyed using side scan sonar techniques and shall be of
sufficient competency to identify obstructions and seabed festures and should cover the
immediate area of the intended location." (Section 2.4.1)

"A shdlow saismic survey should be performed over a 1 kilometre square area centred on
the location. Line spacing of the survey should typicaly be not grester than 100 metres by
250 metres over the survey area. Equipment should be capable of giving detailed data to
a depth equa to the greater of 30 metres or the anticipated footing penetration plus one
footing diameter.” (Section 2.5.1)

"The shdlow seismic survey shdl be interpreted by the competent persons who were
respongble for performing the work. Every effort should be made in the interpretetion to
comment on the soil type(s) and strength(s); this will require corrdation (by means of atie
line) with a borehole in the vicinity and some degree of local experience’. (Section 2.5.2)

Guidelines and Recommended Practice for the Site Specific Assessment of
Mobile Jack-up Rigs. American Society of Naval Architectsand Marine
Engineers, May 1994.

In the Recommended Practice document, Sections 3.11 to 3.15, covering the Ste survey
aspects, reference is made to the origind 1990 UKOOA "Technicd Notes for the
Conduct of Mobile Drilling Rig Site Surveys'. The Technical Notes provides the basis for
recommended survey practice. These Guiddines supersede the Technical Notes.

"Site specific geotechnica information must be obtained ........... such information may
include shdlow seismic survey, coring data, cone-penetrometer tests, side-scan sonar,
magnetometer survey....." (Section2.4.1).

"The site should be evauated for the presence of shallow gas deposits.” (Section 2.4.2)

"At dtes where there is any uncertainty [about shalow soils], corings and/or cone
penetrometer tests (CPT) data are recommended. Alternatively the site may be tied-into
uch data a another site by means of shalow seismic data” (Section 2.4.4).

"The site should be evaluated for potential scour problems........" (Section 2.4.5)

N.B. Evaluation for potential scour is not an easy procedure and may require
Soecialist assistance.

Guiddinesfor the Anchoring of Vessdlsin the Vicinity of UKCS Ingtallations and
Pipelines and their Subsea Equipment. UKOOA, December 1994.

"When an Operator undertakes a Site survey prior to locating a vessd, it is recommended
that this survey should aso include location and verification of the pogition of any pipdines
and other sub-seaingdlationsin the vicinity of the intended location.”

N.B. Definition of ‘in the vicinity’ will depend upon the type of vessel which will be
anchoring and the installation Operator requirements. It is recommended that an
area extending at least 1 km out from the proposed anchor spread is surveyed.
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A24

A.25

A.26

Guiddinesfor the Use of Differential GPSin Offshore Surveying. UKOOA,
September 1994.
These Guidelines seek to provide guidance on quaity standardsin al aspects of the use of
DGPS in sasmic podtioning from inddlations to minimum training sandards for
Operators.
Section 2 - Quality Measures
"Differentid GPS has evolved as an atractive method of pogtion fixing offshore. There
has not existed, however, a standard set of quality measures to enable users of this
technique to verify that required positioning standards are being met.
The am of this section is to present a set of quaity measures to the industry and to
describe the ongoing Statistical testing which must take place during processing if these
messures are to be meaningful.”
Environmental Guiddinesfor Exploration Operationsin Near-Shoreand
Sensitive Areas, UKOOA, September 1995.
The am of these Guiddines is to describe the best current industry environmentd
management practices which can be adopted by Operators in near-shore waters, without
compromising safety or operationd viahility.
Section 3.1.2 - Prdiminary Environmenta Assessment - "In order to befit for its purpose
as an introduction to potentid new acreage, the preliminary environmenta assessment
needs to be concise and focused, and will typicaly contain descriptions of the following
[amongst others):

Hydrography and meteorology; bathymetry, sdinity, €tc.
- Other maritime activities: pipelines and cables, "
Section 3.3 - Provides guiddines on the possible environmental impact of seismic surveys
induding fishing and marine mammals
Section 3.6 - Preparing an Oil Spill Recovery Contingency Plan - "Operators in near-
shore areas need to pay particular attention to predicting the effects of loca weeather and
hydrography on the movement of spilled oil "
Section 3.8 - Seabed Surveys - "Geotechnica surveys are required to confirm the seabed
issuitable for location of adrilling rig.”
Section 4.7- Seabed Clearance - "The Operator has a duty to ensure the seabed is clear
of any debris after the operation is complete.”
Guiddinesfor Minimising Acoustic Disturbance to Small Cetaceans. Department
of Environment, February 1995. (See also, revised edition issued under the same
title by the Joint Nature Conservation Committee (JNCC), February 1996).
These Guidelines reflect principles to be used by anyone planning marine operations that
could cause acougtic and physca disturbance to Cetaceans (dolphins, etc.). The
recommendations contained in the guidelines should asss in ensuring thet cetaceans in
areass of sdamic activity are protected againgt possble injury. These guidelines are
mandatory in relation to the two most recent Oil Licence Rounds.
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A.2.7

A.28

A.29

A.2.10

Offshoreingtallations: Guidance on design, construction and certification. Section
14, Siteinvestigations. HSE (for mally Department of Energy (DoE)).

Fourth Edition (June 1990).

"This section provides guidance on dte invedtigation and sdection of desgn soil
parameters for Instdlations supported by the seabed.”

"Congderaion should be given to very resolute geophysica surveying as an ad to initid

Ste selection, understanding the soils ditributions away from the borehole positions, and
to detecting sub- surface anomalies such as shdlow ges.”

Section 1455 - "Bahymetric and dde-scan sonar surveys should provide detailed
information on the seabed configuration including the presence of any features, such as
dopes or obgtructions, that would affect the Siting of the structure.”

"Geophyscd surveys should generdly be performed to help formulate requirements for
sampling and testing a the ste. Sdection of high resolution profiling equipment should
consder the various frequency responses and energy contents required to optimise
recovery of sub-bottom information. Particular attention should be given to sdection of
gppropriate equipment and procedures, as quality in data acquidition is sengtive to these
factors."

Section 14.9 - Ste investigations for Jack-up Ingdlations - "If a smilar jack-up has
previoudy been inddled a a Ste then the investigation can be limited to an ingpection of
the seabed. In other circumstances bathymetric, side-scan sonar and geophysica surveys
should be performed.”

Offshoreingtallations: Guidance on design, construction and certification. Section
20, Foundations. HSE (formally DoE). Fourth Edition (June 1990).

Section 20.1 - "This section provides guidance on foundation design of ingdlations
intended to be supported on the seabed.”

Section 20.5 - Foundations for Jack-up Inddlations - "This section goplies to mobile
jack-up ingalations engaged in normd exploration, drilling or other activities involving a
limited period at a particular gte”

Section 20.7 - Surveys (Foundations) - "NO TEXT" - no text written.

A guideto the Offshore Installations (Safety Case) Regulations 1992. Guidance
on Regulations, HSE, L 30, 1992.

The text of each regulation is given, followed by guidance. A concluding section sets out
more detailed guidance on the preparation of safety cases as required under the
regulatiors.

New Guidance on the Coast Protection Act - Consent to Locate and the Marking
of Offshore Installations. HSE Offshore Safety Divison (OSD), Oper ations
Notice No. 14, February 1995.

Section 1.9 - Mobile Ingdlations - " Applicants for consent to exploratory drilling are
asked to specify the proposed location using precise co-ordinates. Alternatively, if an
exact location cannot be specified for any reason, consent may be sought to drill in a
precisaly drawn area defined by co-ordinates in the same way. The Department will say
aonce........ if more specific information is required for any location.”
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A.2.11 Environmental Guiddinesfor Worldwide Geophysical Operations. IAGC,
January 1994 (Under review, Jan. 1996)

Guidelines for the protection and conservation of the environment. Outlines good industry
practice in awide variety of conditions including marine operations.
"Members should conduct their geophysical operations in accordance with the IAGC
Environmenta Guiddines, as well as locd, nationd, and international regulations. To meet
these responsibilities, members should:
: Plan and conduct geophysicd operations in a manner that conserves the
environmen.
Train geophysicd personnd in environmentaly responsible procedures.
Consult appropriate authorities........ and users of the area.
Evduate environmentd performance and agppropriate reclamation measures of
geophysica operations.”
A.2.12 Health, Safety and Environmental Schedulesfor Marine Geophysical Operations.
E& P Forum. Report No. 6.34/206 July 1994.

"The Schedules A to F st out minimum Hedth, Safety and Environmentd (HSE)
gsandards for Marine Geophysica Operations, with attention placed on the management
of HSE, and can be consdered as guiddines of good industry practise.”

A.2.13 Procedures Reating to the Notification of Vessals Intending to Anchor in the
Vicinity of Pipelinesor Other Subsea Ingtallations. UK OOA Procedures Guide,
agreed August 1986

“When a Contracting Operator undertakes a Site Survey prior to locating aVess, it is
recommended that this survey should aso include location and verification of the position
of any pipelines or other Sub-sea Inddlationsin the vicinity of the intended location.”

N.B. Definition of ‘in the vicinity’ will depend upon the type of vessel which will be

anchoring and the installation Operator requirements. It is recommended that an
area extending at least 1 km out from the proposed anchor spread is surveyed.
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Section B - Survey Planning, Inter pretation & Reporting

There are two, equaly important key objectives of rig Ste surveys. The first key objective is to
provide information on seabed conditions to ensure the safe, secure and efficient emplacement of

the mobile drilling rig onto the drilling location. The second key objective is the subsequent safety
and effidency of the initid drilling. Both of these objectives are usudly combined in one integrated
urvey usng a range of specidist equipment. The rationde behind the survey requirement is
discussed in Volume 1 of these Guiddines.

Figure 1is a flowchart illustrating a basic sequence of events in the planning of a rig Site survey

(reproduced from Figure 1 in Volume 1). The following text expands on many of the stages and
decison making eements of this sequence and cross-references relevant Sections within this
Volume. Some sections include a sequence of bullet points which can be used as danning aids
Figure 1 shows 22 weeks from the start of the planning cycle to the earliest spud date of the well.
This should dlow sufficient time to implement and obtain maximum benefit from a rig Ste survey.

However, if surveys are undertaken too early, the vdidity of some rig Site survey data may expire
(see Section 6 of Volume 1). In addition, timing may be congtrained by conditions of recent Qil

Licence Rounds which may contain limit the time of year that seismic surveys can be undertaken.

Communicaion between the Operator and the Contractor and the transfer of information is an
essentia factor to ensure the survey satisfies dl Operator and Statutory requirements.

B.1 Initial Planning

The preparation of a"Desk Study” isthe first lement of the sequence. In its Smplest form
it is a review of avallable rdlevant data The am of this sudy is to ensure that the Ste
aurvey is planned correctly and efficiently and that maximum use is made of available data.
The following prompts may ad thisreview:

How well defined is the proposad drilling location? If there is any possibility of a
change of surface location then any planned survey may need to be expanded to
include aternative locations.

Are there any specific exploration licence requirements for the proposed well
location, such as a requirement for an environmenta survey? Are there restrictions
limiting the time of year that seismic surveys can be undertaken?

Is there a history of shalow gas, lost circulation problems or other redtrictions to
drilling, in the top-hole section of nearby wells? A review of previous drilling reports
may aso indicate difficulties anchoring within specific soil types, ensuring adequate
support for the drill guidebase, problems driving initid entry casing, leg penetration
problems, and the presence of boulders or coarse aggregate within the shalow
geological sequence.

An examination of 2D and 3D exploration seismic data may indicate aress of
concern such as potentid shadlow gas accumulations, faults and other sructurd
elements, potentia |eakage paths for deep sourced overpressured gas, mgor glacial
eroson and drainage patterns which can be expected to control the shallow soils
digribution. In deep water surveys gas hydrates may affect the type of survey
commissoned. This review can dso be used to determine an optimum "dip-ling'
direction for the planning of survey line directions for the dte survey. The review
may aso help to determine the aredl extent for the planned Ste survey coverage
both to ensure that potentia problems are adequately surveyed and to define
extended survey lines to set the survey areawithin aregiond geologica context.
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An examindion of nearby existing site survey data and reports may indicate
where problems can be expected. It may dso help to determine optimum sdlection
of survey indrumentation and techniques, and specific contractor expertise. Existing
Ste survey data may aso cover part or dl of the prospective rig dte. Seismic and
geotechnica data should have a long-term vaidity provided the datais judged to be
of sufficient quaity. However, the need for a re-survey should be consdered if
there has been recent activity (man-made or environmenta/geologica) which would
invaidate the data.

Published data may ad in the sdection of optimum survey insrumentation and
techniques. The sgnificant shdlow soils variaions on the UKCS are described by
British Geologicd Survey (BGS) charts and publications. The potentia for shalow
gas occurrence has aso been examined for certain UKCS areas in specidist
publications (Section 1).

The type of drilling rig will determine the nature and ared extent of the Site survey
and the sdection of optimum instrumentation. With jack-up drilling rigs the ared
extent of the survey can be limited but there is a need for detalled shdlow soils
information including direct correlation with geotechnical data. With anchored semi-
submersible rigs, the seabed survey usudly covers the potentia anchoring radius
(Section 9.4 of Volume 1).

For a jack-up drilling rig there may be arig owner or insurer requirement for a
geotechnica borehole. Idedlly this should be scheduled just after the Site survey

data acquistion so that the borehole is acquired in an appropriate location and
results can be integrated with the geophysicd andysis. Such a borehole may be
acquired from the jack-up at the location prior to pre-loading if locd soil conditions
are known to be acceptable. The results from an existing nearby geotechnica
borehole may be sufficient to predict shalow soils conditions provided thet it can be
confidently demondtrated that the rig Ste isin the same shdlow soils province asthe
borehole by mean of a rdiable interpretation dong a survey tie line. In harder

seabed areas the use of a Piezocone Penetrometer Test (PCPT) system (preferred)
or Cone Penetrometer Test (CPT) system may be sufficient and these can be
undertaken as part of the geophysica sSite survey.

A review of in-date Admiralty Charts should show exigting infrastructure and
other features such as wrecks, or telephone cables, which may influence the survey
desgn and eguipment sdlection. The presence of shipping lanes may dso limit

urvey activities. Also the range of water depth within the survey area will dictate
the selection of geophysica instrumentation and underwater positioning.

Databases maintained by the UK Hydrographic Office can provide additiona

information to supplement the detail shown on Admiraty Charts for features such as
wrecks, cables and suspended wellheads. Contact details are provided in Section
G.4.

Deep saigmic exploraion activity or engineering / inddlation activity within the
local area of the proposed Site survey can severely impede survey and the quality of
the data acquired. Careful scheduling of survey activity is required.

The shdlow gas seismic data may be used or extended to aid deeper seismic
exploration sudies or unexplained features.
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ACTIVITY

CONSIDERATIONS

MAXIMUM ELAPSED TIMHE
TO UNDERTAKE ACTIVITY

DESK STUDY

IS SITE
SURVEY
REQUIRED?

BTATUTORY NOTIFICATION$

SURVEY PLANNING

DETAILED QC

DATA ACQUISITION

DATA PROCESSING,
INTERPRETATION
& REPORTING

IS SOIL
BORING
REQUIRED?

NO

UNDERTAKE SOIL

BORING

| WELL PLANNING

| DATA ARCHIVING |

CONSENT TO DRILL

NOTIFICATION OF
WELL OPERATIONS

SPUD WELL

* Review existing data
- seismic 2D (& 3D if available)
- previous site surveys
- previous wells
- previous soil borings
] - geological data
* Shallow gas/top-hole drilling history
*|s well location covered by valid sonar survey ?
* Specific exploration licence requirements
(eg. environmental survey)
* Existing seabed facilities (pipelines/cables)
| * Admiralty Charts (wrecks etc)

* Dependent on results of desk study,
Operator's policy, HSE requirements,
rig owner/insurer requirements

*PON 14 requirement (ex CSON 35)

* Jack-up or semi-submersible rig

*Vessel & availability

*Work scope - survey area

- line plan, spacing, orientation

BE Specification of equipment & operational parameters
* Metocean/environmental surveys
* Soil sampling
* Tie-line(s) to nearby wells/soils borings

* Positioning requirements - surface
- subsurface

___*—Safety

| * Quality Control

* Integration of results with existing data

* Quality Control

*Top-hole hazard analysis (shallow gas, etc)
- post-stack
- pre-stack (if necessary)

* Dependent on results of desk study and
geophysical survey, operator's policy, rig
owner/insurance requirements, HSE
requirements

* Geotechnical Specialist advice
* Use site survey results to :
- identify potential top-hole drilling hazards
- plan casing design
- -identify seabed obstructions
- provide information on anchoring conditions
(semi-sub) and spud can penetration/footing
conditions/scour potential for jack-up
| _ -confirm water depths & seabed topography

* PON 9 requirement (ex CSON 41)

*PON 4 requirement (ex CSON 11)

*Regulation 11, Offshore Installations
(Safety Case) Regulations, SI1992

Preferred 28 days
Minimum 14 days

|~ 4weeks
(Longer in winter)

— 4weeks

Allow an additional
2 months

I~ 4 weeks
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B.2

B.3

B.3.1

B.3.2

B.3.3

Initial Notifications

Asdiscussed in Section A.1.12, the DTI require natification of any intended marine ste
survey by means of the form in PON 14. The DTI request that these notifications should
be submitted 28 days in advance of the survey but for Ste surveys they will  accept
shorter notice to a minimum of 14 days. However, to ensure dl parties receive adequate
natification of intended surveys and thereby maintain good working relationships with third
parties, Operators should make every attempt to conform to the 28 days requirement.
The natification requires details of the type of survey plus the geographica boundaries
which define the potential survey area An A4 chart showing these boundaries may be
requested.

In addition, as discussed in Section A.1.13, Offshore Notice 3 states that the Health and
Safety Executive (HSE) require that HMS Warrior and loca Sea Fisheries Committees
are notified of geophysica surveys. In the case of HMS Warrior this should be et least 14
days prior to the survey. Submisson of the form of PON 14 will provide adequate
notification to HMS Warrior and Sea Fisheries. However, if the proposed survey areais
inshore then the appropriate locd Sea Fisheries Committee may require separate
natification and agreement.

Each licence may have specid conditions attached to operations in that licence. These
may impact upon the type and timing of survey opertions.

Survey Planning

After the "Desk Study" (Section B.1), the rig Ste survey can be formulated and
commissioned. Consderation should be given to the following:
Contractor and Vessel Selection
Thefollowing should be consdered:
Vess availability within the required time frame of the prospective spud date.
Isthe vessdl suitable and safe for operations in the prospective sea area?
Is the available equipment suitable for the key objectives of the survey?
Previous experience of the contractor in the area of operations, and the techniques
and equipment required.
Positioning System Selection

Section D provides some guidance on the accuracies and positioning tolerances which are
required when specifying a rig Ste survey. Section E.9 provides technicd details of
equipment. Pogitioning system selection is area dependant but with the increasing use of
Differentia Globa Postioning Systems (DGPS), thisisless of anissue.

Where towed geophysical or sonar systems are to be used, consideration should be given
to tow fish pogtioning, particularly where surveys are planned in degp water. The
importance of cdibration (gyro compass, VRU/MRU, acoudtic velocity) will become
increasingly relevant with extended offsats.

Geophysical and Hydrographic Equipment Selection
Section C provides some guidance on the geophysica consderations which should be

taken into account when specifying arig Ste survey. Section E provides technicd details
of equipment. The following should be consdered:
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B.3.4

B.3.5

The hydrographic echo sounder should have sdectable frequency of operation,
commensurate with survey objectives. The sysem should be capable of an
accuracy of better than 1% of the water depth. Transducers should preferably be
narrow beam, paticularly in deep water surveys. The system should dso be
equipped with accurate means for draft and full depth water velocity cdibration. In
areas of complex seabed topography, steep dopes or deep water then the
dterndive use of a swathe bathymetry system (multi-beam echo sounder) should be
consdered (Section E.5).

The choice of side scan sonar is dictated by the resolution required and the
selected maximum range. The range should be at least equivaent to the maximum
line separation (Section E.4).

Search magnetometers should have sufficient sengtivity and repetition rates to
adequatdly discriminate the objective (Section E.6). Tow cable length should dlow
the sensor to be towed close to the seabed (if practical).

The choice of shallow seismic profiling insrumentation should be determined by
the required resolution and sub-seabed penetration (Section E.1).

The choice of the shallow gas seismic source; multi-channd hydrophone streamer
length, group length and group interval; seismic recorder, and sample rate should be
determined by the key objective of shalow gas detection within the top 1000
metres subseabed. The system should be sdlected on the bass of *providing
maximum resolution within this zone (Section C). The following are recommended
as the badgs of aminimum specification:
Seismic sour ce: Output >5 Bar metres, preferably minimum phase,
(Section E.1).
M ulti-channel Active length 600 metres. Minimum 48, 12.5 metre groups
hydrophone: (Section E.2).
Recording system: 48 channdsrecorded a 1 ms sampleinterva
(Section E.3).

Seabed Sampling and Geotechnical Requirements

Seabed sampling systems such as gravity corers or grabs should be available to provide
data to asss the interpretation of shalow soils. Where information on potentid rig leg
penetration, scour, guide-base dability or anchor holding are important, PCPT/CPT
and/or vibrocorer should be consdered. Alternatively the separate commissioning of a
geotechnicad borehole may be necessary if the sub-seabed penetration of the vibrocorer
or PCPT/CPT isnot likely to be sufficient.

Seabed sampling (e.g. bottom grab) for environmenta purposes may be aso be required
as alicence condition.

Survey area, Line Orientation and Line Spacing

The reaults of the "Desk Study" will dictate survey area, line orientation and spacing.
Congderation should aso be given to exiding infrastructure and shipping fairways and
other areas where vessdl movement may be restricted.

For reliable interpretation of geophysica data, tie lines should dways be acquired to
nearby wells, boreholes or other data calibration points. Such tie lines should alow
aufficient overlap for differences in positioning accuracies and, in the case of multi-channd
seismic data, comprise full fold stacked data.
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Primary survey line orientation should be based on geologicd "dip* direction, particularly
in the case of any shdlow gas or sructurd geology investigation. If thisis not a Sgnificant
Issue, there are practical advantages in selecting the primary line heading to agree with the
dominant tida current direction and/or wind direction. Alternaivdy, if the proposed
drilling location has been sdlected on the basis of a 2D exploration seismic line then there
may be an advantage in setting the primary line heading to coincide with the 2D line
heading and thereby increase the scope for minor adjustments to the find drilling location.

B.3.5.1

B.3.52

Anchoring / Foundation Conditions

Survey line spacing is determined by the key objectives of the ste survey
and the nature of the intended drilling rig. Figures 2 and 3 show typicd
survey line plans for jack-up rig and a semi-submersible rig. These line plans
are for guidance only and should be modified to meet the survey needs and
the local geology. In the case of ajack-up drilling rig Ste survey, if the
seabed topography and/or shallow soils didribution are complex then
additional lines a a narrower gpacing than the quoted 50 metres may be
necessary in the immediate vicinity of the proposed spud can postions.
There may also be a requirement to survey an gpproach corridor for the
jack-up rig entry to the proposed location to ensure there are no
obstructions to rig navigation. In deep water, or where the selected semi-
submersble will be usng wire anchor lines instead of chain, or where
shdlow soil conditions indicate a necessity to extend or piggy-back anchors
then the survey areawill need to be extended to encompass the prospective
anchor spread. Additional survey lines should be considered to locate and
verify the podition of seabed obstructions (Section A.11).

The line spacing may dso be influenced by the water depth. In shdlow
water the effective range performance of the side scan sonar system and
swathe bathymetry system may require denser line spacing in order to
ensure full coverage of the seabed. In deep water where the shalow
geology is rdatively uniform and no obstructions are anticipated then the use
of longer range / lower resolution Sde scan sonar systems may be sufficient,
dlowing wider survey line spacing.

In addition, tie-lines should be acquired to selected nearby geotechnical
boreholes or coring locations. The tie lines are necessary for the rdiable
prediction of anchoring / foundation conditions and potential hazards and
condraints.

Shallow Gas

Figure 4 shows atypica shdlow gas survey line pettern. This line plans is
for guidance only and should be modified to meet the survey needs and the
loca geology. The "Desk Study" may dictate an expansion or reduction of
this basic survey grid. The 3 km centre lines dlow the 1 square km grid of
survey data to be set into aregiond context. In addition, tie-lines should be
acquired to selected nearby wells where good top-hole data is avalable
and/or where the shallow gas history is known. The tie lines are necessary
for the rdliable prediction of shdlow drilling conditions and potentid hazards
and congraints.
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B.3.6

Recommended Survey Parameters

Position control for the survey vessel should be better than + 5 metres. Position
control of towed sensors should be better than 10% of the relevant line separation,
though this may be impractical in deep water surveys.

Offtrack deviation for the vessdl, or the specified steered point, should not exceed
10% of the line separation or 15 metres, whichever is the greater. The steered point
may not always be the vessdl. In degp water, with long laybacks, there may be
advantages in pecifying a towed sensor, or an offset pogtion as the steered point.
e.g. pecify sonar fish to prevent gapsin sonar coverage.

Survey speed should be maintained between 3.5 and 4.5 knots in order to
maintain optimum side scan sonar and seismic data qudity.

Side scan sonar frequency for obstruction identification should be not less than
100kHz using narrow beam transducers. This may be impractica in degp water
invesigations.

Side scan sonar range for obstruction identification should not exceed 200 metres
for standard 100kHz systems. The maximum range sdected for 500kHz systems
should not exceed 100 metres. Increased resolution can be achieved by areduction
in range but this may require a reduction in survey line separation to ensure full sonar
coverage.

Side scan sonar height above seabed is recommended to be between 10 and
15% of the sdlected range It should not be less than 5% or greater than 20%. In
shdlow water this may result in a reduction of the sonar range with a resultant
requirement to reduce the line spacing.

Magnetometer sensitivity to be better than 1 Gamma (nanoTeda) a a sampling
interval of 1 second or less. Sufficient cable should be available to ensure that the
sensor can be deployed at least 4 times the vessdl length astern, and close to the
seabed at norma survey speed.

Multi-Channel Digital Seismic Acquisition. Recommended minimum acquidtion

parameters for shallow gas surveys are:

- 48 channd acquisition system.

- Active sreamer length of 600 metres or grester.

- Streamer group length of 12.5 metres.

- Shot interval of 6.25 metres (to generate full-fold coverage).

- Sasmic source peak to peak pulse output > 5 Bar metres, wide band width and

preferably minimum phase.

- Source and streamer maintained a constant/uniform depth not greeter than 3

metres (+/- 0.5 metres) sub-sealeve.

The separation between the seismic source and the centre of the nearest streamer
channd should not exceed hdf the minimum water depth of the survey area.
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B.3.7

B.3.8

B.3.9

Operator / Contractor Liaison
When planning Ste surveys, in addition to geophysicd and postioning parameters,
communication between the Operator and the Contractor is very important.
To ensure the qudity of the data interpretation, the early trandfer of relevant data and
information to the relevant parties is important. The following should be consdered:-
Are there geotechnicd data avalable in the area which can be supplied to the
Contractor (or other datainterpreters)?
Are there top-hole wdl log data which can amilarly be supplied and, with strategic
use of sEgmic tie-lines, used to cdibrate the seismic interpretation?

Are there any indications of shalow gas or other potentia drilling hazards such as
shdlow faulting on the regiona 2D or 3D exploration seismic data which may ad
the interpretation?
Are there any previoudy acquired Seabed surveys available in the area which can
be used to assst interpretation?
Are there previous jack-up leg penetration, displacement or scour records in the
area?
Are there previous anchor holding and guide base sability records in the area?
M etocean Data
The acquistion of Metocean data is consdered to be outsde the scope of these
procedures. The reader is referred to ‘UKOOA Recommended Procedures for
Validation and Documentation of Oil Company Metocean Data’. However, the
following should be consdered--
What isthe prevailing wind and current direction in the area (if any)?
Should the survey lines be oriented to conform with these controls?

If tidal currents are severe what detailed tide curves are availaole to ensure optimum
use of working conditions?

How good isthetidd datafor reduction of echo sounder data?

Are there adequate Metocean data within the survey area? If not, should tide and
current measurements be included as part of the rig Site survey scope? There may
be cogt benefits in acquiring such data, perhgps on alimited scae, whilst the survey
vess is undertaking the Ste survey.

Environmental Data

The acquisition of seabed sample data for Environmenta data is considered to be outside
the scope of these procedures. However, the following should be considered:-
Are there adequate Environmentd data within the survey area? If not, should coring
and bottom grab sampling for environmental purposes be included as part of therig
Ste survey scope? There may be cost benefits in acquiring such data, perhaps on a
limited scde, whilst the survey vessd is undertaking the Site survey.
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B.4

B.5

B.5.1

Health, Safety and Environment M anagement

All injuries a work can be prevented. The Operator should actively promote the high
dandards of safety awareness, discipline and individua accountability that this principle
demands. For field operations, regulations and safety operating standards have been
prepared by the E&P Forum and IAGC (Section A.2.12). These should be used as a
basis for dl offshore operations. A Hedlth, Safety and Environment Management System
(HSE-MS) should control al aspects of the field work. The Management System should
include a register of Hazards and effects. Control measures shdl be in place for these
hazards and shal be reconciled with procedures and job descriptions.

When planning dte surveys, safety must be given a high profile, wherever activity may
take place. A key dement of this is the preparaion of an Emergency Response Plan
which uses the joint resources of Operator and Contractor to establish contingency
planning for emergency stuations.

To ensure hedth, safety and environment is given the correct priority the following actions
should be considered--

Pre-tender Contractor hedlth, safety and environment assessment

Hedth, safety and environment clauses in the contract

Pre-award briefings

Contractor’s hedlth, safety and environment training

Hedth safety and environment management workshops

Hedth safety and environment system including hazards and procedures

QC supervison to include hedth, safety and environment

On-gte hedth sefety and environment mestings

Drillsand exercises

Hedlth safety and environment audits (including operationa)

Logging of incidents, followed by anadys's and feedback

Logging and analyss of performance indicators
Veﬁel hedlth, safety and environment audits should be undertaken prior to and during
operations. These audits should include mechanica sysems and HSE-MS. Any action
items identified by these audits should be followed up and closed out. The validity of these
auditsis subjective. However, 6 months has become an accepted industry practise.

Quality Management

Rig Ste survey data make a sgnificant contribution to the safety of drilling operations. The
qudlity of the data and interpretation cannot be taken for granted, and requires a greet
ded of careful control by Specidigts. Standards are established for Quality Systems by
the BSI publication BS EN 1SO 9000,1994

Quality Assurance (QA)
This can be defined as dl those planned and systemétic actions necessary to provide
confidence that a product or service will satisfy defined needs. QA is a management

system which may be established as a set of QA procedures. The system seeks to give
assurance to the customer and combines Qudity Planning and Quality Control (QC).

In setting up QA procedures, the needs should first be defined and the necessary
systemdtic actions subsequently andysed. At the project levd, the requirements of QA
can be refined into a chronologicd, step-by-step process, with a degree of pardld activity
and acritica path.
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B.6

QA procedures embracing the above actions should be established by the Operator to
ensure the quaity of the product. The basc needs of a rig Ste survey are defined in
accordance with the objectives, which range from shalow gas detection to prediction of
soil lithologies, identification of seabed hazards and definition of bathymetry. In order to
satisfy these needs, the following actions will have necessarily preceded the find product:

Definition of the Operator's aims and objectives, overal exploration programme
and budget alocation, including contingencies.

Definition of rig Ste survey needs, including the planned survey programme,
Appraisa by geophysical and hydrographic survey staff of the project requirements
and the preparation of a scope of work.

Definition of suitable Technicd Specifications, QC parameters and procedures by
Specidigs.

Technica and safety audits for Contractor pre-qudification.

Thorough tender evaluation and pre-award meetings. Award procedures based
primarily on technica grounds, but aso on safety, performance record and costs.
Evauation should be undertaken by Specidids.

Briefing of dl mgor participants, usng standard checklists wherever possible.
Qudity control supervison of mobilisation, including cdibration and acceptance
tests of dl sysems by specidist geophysica and hydrographic survey staff.

Quadlity control and safety supervision of on-line data acquidtion, including progress
control and co-ordination of operations.

Debriefing of dl mgor participants and andyss of dl reports from the fied,
covering mobilisation, cdibrations, acquistion and safety. Conclusons and
recommendations are of prime importance for future projects.

Post processing, interpretation and reporting of data, checking for al possible
sources of error by specidists.

Detailed reporting and charting, including conclusions and recommendations.
Archiving of reports and data for future reference. Update of relevant databases.
Feedback of recommendations to all mgor participants.

The Operator should aso ensure that the Contractors undertaking any facets of the work
have adequate QA procedures to ensure the quality of hiswork.

Survey Implementation and Data Acquisition

Geophysica site survey work should be undertaken by experienced personnel committed
to high professond standards. Wherever practicd the drilling hazard investigation should
precede the more general survey work as the early detection of potentid problems may
lead to a move of the rig location and associated adjustments to the survey plan.
Geophysicd dte survey data acquisition within the UKCS is potentidly subject to very
severe weather and sea state conditions. The choice of vessdl, survey equipment and
over-dde handling equipment should anticipate such potentid exposure. It is dso
important that the contractor and Operator accept that survey work may sometimes need
to be terminated early such that the safety of personnd undertaking the recovery of towed
equipment is not jeopardised or to avoid damage to the equipment itsdlf.

Data qudity should be mantained to a high leve. Ste survey daa qudity is very
vulnerable to the influence of sea gate. Survey work should not continue if the influence of
poor weether and sea state causes a reduction in data quaity to such an extent that the
key objectives of the Site survey are jeopardised.

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2 u ﬁﬁﬁ

April 1997
Issue No 1

23 '



B.7

The same control on data quality and acceptability can be extended to the influences of
externd saamic interference (Ref: Jack and Lancaster, 1989), shipping or construction
noise. Acceptable limits of seismic noise depend upon the direction of the interfering noise
source. There is currently a draft UKOOA Guiddine for establishing when time share
between seismic vesss is required to minimise saismic interference. This does not
advocate prescriptive noise limits but a location specific, fit for purpose assessment of
seamic interference. Interference should aways be measured in accordance with the
UKOOA Guiddines which will endble unambiguous communication of sesmic
interference levels between the parties involved in time share discussons. In the padt, asa
generd guideline, externd saiamic interference to a maximum acceptable limit of 25
microbars peak sgna has been shown to be tolerable on multi-channd saiamic Ste survey
data provided the move-out is in excess of 100 milliseconds across 600 metres of active
sreamer length. Desynchronisation of the vessdl and the interfering source is vitd with a
desynchronisation of 250ms recommended.

Data Processing

The objectives of processng seismic data include improvement of sgna-to-noise ratio,
improvement of verticd and latera resolution, suppresson of multiple events, and
enhanced display of data (Section C.1).

Processing of data should be undertaken with extreme care since it is possible to create
and destroy events on the seismic record. As arule of thumb, minima processing of data
should be undertaken. Processing which destroys relative amplitude information should be
avoided. Careful analysis of processing tests permits selection of those processing steps
which enhance the data. When undertaking processing tests, the area sdlected should be
representative of the site. Care should be taken to dter only one variable at atime so the
effect can be assessed. Processes should not be applied unless there is obvious benefit.
On occasion, even though a process may be of obvious benefit in one way (e.g. multiple
suppression) it may be disadvantageous in another (e.g. data suppresson and noise
cregtion).

Careful velocity andysisis of particular importance to ensure correct CMP stacking of the
data. Velocity analyses should be undertaken at locations chosen with reference to the
loca geology. The minimum interva should be every 500 metres aong the saismic lines. In
some aress, where the geology is rapidly changing, (eg. channels, sdt domes), veocity
andyses may be required more frequently.

Velocity andyses will be severdy degraded by sgnificant laterd velocity variations, eg.
gas charged sand. This can be particularly important for stacked anomdies, and a more
careful approach to velocity estimation is necessary if data are to be stacked correctly and
reflection amplitudes preserved. Smilarly, excessvey tight band-pess filter limits will
degrade vertica resolution, whilst excessive trace mixing or harsh FK dip filters may
degrade both lateral and vertica resolution.

Section F provides further detail on seismic processng. The recommended minimum
processing sequence for rig Ste surveysis-

Demultiplex

Designature

Gain recovery

Norma Moveout (NMO)

Mute
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B.8

B.8.1

B.8.2

Stack
Deconvolution after Stack (DAS)
Time Variant Filter (TVF)
Rdative amplitude display

: Equalisad display

Seismic Data I nterpretation

These data to be interpreted should be to a high qudity. A key factor in the interpretation
isthe type of drilling rig planned for the Ste.

As discussed in Section B.3.7, communication between the Operator and the Contractor
is an important element in data interpretation. Early trandfer of reevant data and
information to the rdevant parties is essential. The following data should be avallable to
ad interpretation:-

Any geotechnicd data and lithologica datain the area.

Top-holewdl log data.

Any indications of shdlow gas or other potentia drilling hazards such as shdlow

faulting on the regiond 2D or 3D exploration sismic deta

Relevant seabed surveysin the area.
: Previousrig indtdlation history in the area
Calibration
Direct cdibration of the data in the form of nearby top-hole well data or borehole and
other sample data is the most useful tool for assessng the significance of the saismic
response and should dways be carefully integrated with the data. Where relevant nearby
data exig, tie lines should aways be acquired to these cdibration points. If the calibration
data bel ongs to other Operators and is not in the public domain, Operators should request
such data from the relevant Operator. In areas where no direct calibration is avalable,
drilling departments should be encouraged to acquire top-hole petrophysical data for
correlation with the geophyscd data and therefore improve confidence in the
interpretation of an area.

Shallow Gas Hazard Deter mination
B.8.2.1 Conventional Seismic Analysis

One characterigic seismic response of a gas charged sediment is a high
amplitude reflection, dthough under certain conditions, low amplitude
reflections are dso possble. Theoreticdly, the reflection should adso be
phase reversed where gas is present, but this may not be apparent. Other
indicators of gasin sediments are masking of underlying reflections and “pull
down’ of underlying reflections, caused by the seismic wave passing through
the lower velocity gas pocket. In practice these last two indicators are
rarely seen, as they are very sendtive to the geometry of the acquidtion
spread with respect to the size and depth of the gas pocket. Consequently,
identification of possble gas pockets primarily depends on identifying
anomdoudy high amplitude reflections.

The following ligt is based upon a list provided in the AAPG Memoir 42.
The interpreter should look for the following indicators of shalow ges.
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Is the reflection from the suspected reservoir of anomaoudy high
amplitude?
|s the amplitude anomay structurdly condstent?

If of anomaoudy high anplitude, is there one reflection from the top
of the reservoir and one from the base?

Do the reflection amplitudes of the top and base reflections vary in
unison, decreasing a the same point a the limit of the reservoir?

Isaflat spot vishle?

Is the flat pot horizontal or is it dipping conagently with gas
velocity sag?

Is the flat spot unconformable with the structure but consistent with
it?

Is the flat spot located a the downdip limit of anomdoudy high

amplitudes?

|s a phase change visble?
Is the phase change dructuraly consstent and at the same level as
the flat spot?

Isthere alow frequency shadow below the suspected reservoir?

Is astudy of amplitude versus offset on the unstacked data likely to

assst?

Are there indications of gas migration on the shalow gas (or other)

survey data?

Are there pockmarks at, or buried beneath, the seabed indicating

gas seepage?
In practice, any one indication can be spurious. Shalow gas interpretation
on saismic data necessarily involves accumulation of evidence. The more
positive answers to the above points, the greater the confidence in the
identification of shalow gas.
High amplitude reflections are caused by a strong impedance contrast.
Impedance depends upon the seismic veocity and densty of the drata
Therefore, strong impedance contrasts may be purely of lithologica origin
rather than due to gas accumulation. Congructive interference of reflected
seigmic waves may a0 cause high amplitude reflections (tuning effects).
The more resolute the seismic data, the easier it is to discriminate genuine
high amplitude events from tuning effects.
A smdl proportion (about 5 percent) of gas in a sediment will cause a high
amplitude reflection of dmilar magnitude to that caused by a large
proportion of gas (say 75 percent), so it is difficult to directly quantify gas
content from the seismic response. If a closure can be mapped, and the top
and bottom of the reservoir unit detected, gas overpressure (in excess of
hydrogtatic pressure) caused by the height of the gas column can be
caculated. However, this is a amplistic gpproach, based on hydrostatic
pressure variations only. It lso assumes accurate detection of the top and
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bottom of the reservoir. Predictions of gas pressures based upon seismic
data should be used with extreme care.

Where the geologicd dsructure and interpreted lithologies provide a
potential trap and no direct cdibration is available, anomaous amplitude
reflections should always be assumed to be related to gas accumulations.

B.8.2.2 Seismic Workgtation Techniques, Attribute Analyssand AVO

The use of workgations can asss in the interpretation of seismic data for
shalow gas detection (Section F.1.6). Workgtations dlow expansion of
data displays in areas of interest for eeser identification of shadlow gas
indicators. Tuning effects can aso be more easly discriminated from high
amplitudes caused by shdlow gas, on the bass of changes in rdative
amplitude aong the reflection.

Seigmic dtributes can be examined using colour displays such as colour
coded amplitude, ingtantaneous amplitude, instantaneous phase, and
instantaneous and averaged frequency and these can be used as diagnostic
indicators of shalow gas presence. However, variations in these atributes
can adso be caused by lithological changes (eg. Lignite) and seismic
processng, so interpretation based only upon atributes should be
undertaken with caution.

Amplitude versus Offset (AVO) effects are generated by changes in plane-
wave reflection coefficients as a function of angle of incidence. AVO
variations can be caused by many factors (e.g. reflection coefficient, array
attenuation, tuning, noise, spherica spreading, absorption, emergence angle,
reflector curvature, hydrophone sengtivity, and ingrumentation and
processing). With care, AVO andyds may assg in disinguishing gas
related amplitude anomalies from other types of anomdies. In generd, over
the range of angles of incidence typicad of rig Ste survey data, the top of a
gas charged sand layer will show an increase of amplitude with offs,

whereas a water charged sand will show a very smdl decrease of seismic
amplitude with offset. However, in the shdlow section these amplitude

variations will be very subtle. With a‘standard’ dite survey 600 metre long
streamer, the offset range at depths of greater than 500m sub-seabed is
limited. If AVO data are required at these depths, longer streamers should
be considered.

B.8.3 Shallow SoilsInterpretation

Interpretation of shalow soils from acoustic geophysical data requires careful andyss of
saamic reflection characteridtics integrated with dl relevant available data. With adequate
loca knowledge and careful interpretation, genera soil lithology and conditions can be
predicted. On its own, the survey data will not provide quantitative data for jack-up leg
penetration, guide base stability or anchor holding conditions. Important geotechnica
characterigtics such as shear strength, friction angle and relative density cannot be defined
directly from the geophysicd data.

Prediction of geotechnical properties and anchoring / foundation conditions should only be
undertaken by Specidists and will need to be based upon geotechnicad data at the
proposed location or tie-lines acquired to relevant nearby geotechnica boreholes or
coring locations which permit rdigble interpretation of shdlow soil conditions a the
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B.8.4

B.9

proposed location. If significant variation in shdlow soils are interpreted between the
proposed location and the cdlibration point, relidble predictions will not be possible and
acquisition of geotechnical data at the proposed rig Site location will be required.

Resdivity techniques (Section E.7) can aso be used for prediction of soil laterd
variations and acquidition of these data could be consdered for areas where shdlow soils
variations will impact sgnificantly on rig indalaion. The daa adso require careful
integration with calibration data and interpretations for geotechnical characteristics should
be used with care.

The use of workgtations can dso asss in the interpretation of seismic data for shalow
s0ils (Section F.1.6). Workgtations dlow expansion of data displays in areas of interest
for eeser identification of seismic characteristics,

Seismic attributes can be examined using colour displays such as colour coded amplitude,
instantaneous amplitude, instantaneous phase, and instantaneous and averaged frequency
and these can be used as diagnogtic indicators of litholgy. However, variations in these
attributes can aso be caused by pore fill and seismic processing, so interpretation based
only upon attributes should be undertaken with caution.

Depth Conversion

The converson from seismic two way travel time to depth below seabed, based on
stacking velocities or interva velocities, is accurate to better than 5 percent of the depth
when determined with care. Depth predictions can be further improved if top-hole well
data or other calibration data are available.

Reporting and Charting

Reporting should be concise and relevant to the survey objective. Full consideration
should be given to al potentiad users of the report and any information they require should
be readily accessble. As many users are not geoscientists, geological/geophysica
descriptions and jargon should be avoided. The end-user of a Site survey report is much
more likey to be a drilling engineer than a geologist or geophysicis. Speculative
interpretations, unless substantiated by published data (e.g. BGS publications), should be
avoided.

Interpretation of the data and subsequent reporting should, as far as possible, be a team
effort incorporating the views of geologists, geophyscigts, and drilling engineers. If the
likely rig owners/insurers are known at the time of reporting, they should aso be included
in the reporting of results.

The reporting should provide a brief but clear statement of the expected conditions. This
Statement should not be confused by discussion of features in the survey area which have
no relevance to ether rig inddlation or subsequent drilling a the location. Where
estimated dimensions or depths are quoted then an indication should be given as to the
level of confidence assigned to these estimates.

Datum for water depths should be Lowest Astronomic Tide (LAT) or Mean Sea Leve
(MSL). The report should provide the relationship between LAT and MSL for some
users (eg. drillers). An estimate of the full tidal range at the location should be considered
adong with a diagram showing the principle direction and velocity of currents in the area
This prediction may be based upon published data or, as discussed in Section B.3.8,
acquisition of suitable data may be included as part of the Site survey.

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2

April 1997
Issue No 1

28

k



It is recommended that a concise one page summary of thisinformation is provided in the
report. This can be used to provide part of the submisson for drilling consent gpprova
(See Section A1)

Topicsto be addressed by the full report should include-
Summary of results.

Reaults (eg. bathymetry, seabed features and obstructions, shalow geology,
anchoring/foundation conditions, shalow gas and other top-hole drilling hazards
including channds, faulting, coarse sediments etc.).

In addition, certain report users will require-

Operations.

Cdlibrations.

Data reduction and processing.

Survey equipment.

Data qudlity.
To reduce paper and prevent circulation of unnecessary information, it is recommended
that a results only volume is produced for most report users. A separate volume can be

produced for the other survey information and only circulated to those who require these
data.

Recommended chart scales are 1:5,000 or 1:10,000. All charts should include a clear
indication of mapping Datum and Spheroid. Charting should include the following:-
: Vess fix reference position (e.g. antenna, or steered point).

Side scan sonar and other tow fish position tracks (if relevant).

Bathymetry, with water depth reduced to LAT or MSL (soundings and contours).

Seabed features, with variations in sesbed sediments, and wrecks or other
obstructions.

Depth below sedbed to saiamic reflections which ddineate sgnificant sub-seabed
soil variations. Channels on or near the proposed location should be charted. Soils
province distribution may be appropriate.

Shdlow faulting if relevant to survey objectives.

Interpreted profiles through the proposed location highlighting potentia hazards or
condraints to rig emplacement. Significant soil units or soil provinces should be
annotated together with their correlaion with any geotechnica data

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2
April 1997

Issue No 1 29

k



If therig Ste includes a shalow gas survey then charting should aso include the following:-
Seismic shot point.
The laterd extent of anomaous amplitude reflections presented in time and depth
below mean sea levd or seabed. Severd charts may be required for clarity. The
recommended time datum is Two Way Travel Time (TWTT) and depth datum is
True Vertica Sub Sea (TVSS).
If there is a potentid structure, depth below mean sedleve to reflections of interes,
combined with the anoma ous reflections.

Shdlow faulting if thisis rdevant to potentid shdlow gas digribution.

Lateral extent and depth of any features which may affect drilling operations
(e.g. channdls).

Interpreted profiles through the proposed location, highlighting potential hazards,
sgnificant soil units and corrdation with well data

B.10 Final Notificationsand Drilling Consent Arrangements

As discussed in Section A.1.8, the Operator of a mobile ingdlaion must send a
notification to the HSE a least 21 days before starting operations. The notification should
contain the particulars specified in Schedule 6 of the Offshore Ingtalations (Safety Case)
Regulations 1992. At the location a which the operations will be carried out, these
include the meteorologica and oceanographic conditions to which the indalation may
foreseeably be subjected, the depth of water and the properties of the seabed and
subsoil. In addition, particulars of the geologica drata and any fluids within them and any
hazards with the potential to cause amgor accident shall be included.

Asdiscussed in Section A.1.10, a copy of the Ste survey report should be available with
the Operator at the time of Application for Consent to drill. A statement to this effect
should be included in the information package accompanying the gpplication which has to
be lodged with the DTI not less than 21 caendar days prior to the spudding of the well. It
should be cdlearly indicated if there is a posshility of encountering shalow gas at a drilling
gte.

B.11 Data Retention and Archiving

Rig dte survey data may be in paper form or in computer compatible media format
(CCM), or both. Data produced during the course of the survey may include the
falowing:

Raw and processed positioning data for al sensors utilised

Echo sounder records

Raw and processed digitd swathe bathymetry data

Analogue (paper) side scan sonar records

Digita sde scan sonar records

Analogue (paper) seismic records

Raw and processed digital seismic data

Processed seismic sections (paper/film)

Magnetometer data

Geotechnica data including seabed core/grab samples, cone penetration

tests, and core logs

Acquigtion, processing, and interpretation reports

QA/QC data

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2
April 1997
Issue No 1 30

k



B.12

All data acquired during the rig Site surveys should be retained by the Operator or their
agents until the well has been drilled and the rig has been moved off location. If there is
further drilling or engineering activity (fidld development) in the area, any survey records
may have vaue throughout the fidd life and they should be kept until field abandonment.
Before any data disposd, careful consideration should be given to the data value for future
developments in the area. The following minimum criteria are recommended in regard to
longer term data retention policy for al records created during the rig Site survey process.

Reports, positioning data and seismic data (raw and processed) should be retained by the
Operator or their agents for as long as there is drilling activity in or around the surveyed
area. These data will be useful in planning future surveys and may be incorporated into
later interpretations.

Andogue sonar and bathymetry records should be retained by the Operator or ther
agents for a minimum of two years. In aress with stable seabed conditions and little
maritime activity, these data may be of use for longer periods. Requirements for the
provision of data and reports to Government bodies are defined in Section G.

Data Validity
The vdidity of rig Ste surveys is a subjective issue, and is dependant on a variety of
congderations, anongst which are:

Operator familiarity with the area

previous well history and shallow gas problems

recent oil indudtry activity (wells, pipelines, boreholes)

recent maritime activity

water depth and (associated) seabed sediment movements
Top-hole lithology and foundation conditions assessments are potentidly vaid indefinitely.
In many aress shdlow gas assessments are dso vdid indefinitely unless there has been
drilling activity in the area which could have resulted in movement of hydrocarbons.
However, changes in shdlow gas digtribution can occur within the time scde of fied
development (Ref: Judd 1990). The Operator should undertake an area specific study to

ensure validity of shallow gas assessment over time. This could include acquigtion of a
few survey lines for confirmation of shalow gas assessment.

For very shdlow foundation conditions, bathymetry, and seabed features/obstructions,
data vdidity will depend upon activity (naturd and man made) in the area of the location.
Thefollowing tentative vdidity periods are proposed--
in shalow water with known seafloor movements and/or high leve of activity - 6
months
at open locationsin deeper water (> 80 m) - 2 years
Data validity should be assessed on a site specific base. areview should be undertaken of

the activity (natural and man made) which has taken place in the area since the date of the
last survey. Thisreview should include dl relevant data.
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Section C - Geophysical Consider ations

Cl1l

C.2

C.3

General

A dmple saismic velocity model has been used for computations in this section. It
approximates to conditions found in parts of the Centrd North Sea. Within the range of
likely velocities in the UKCS (in the top 2000 metres sub-sedevel) the computations are
not particularly velocity senstive so the derived figures are vadid for generd application.
Table 1 beow tabulates these vel ocities.
Depth (m) Stacking Two Way Travel
Sub-sealevel Veocity (ms™) Time(ms)

1500 0
1500 133
1550 260
1600 375
1650 480
1700 590
1800 830
1900 1050
*1250 2000 1250
1500 2100 1430
2000 2200 1820

Table 1 Velocity Model used for computations

Sub-seabed Penetration

Penetration is partidly controlled by the amplitude of the seismic wavelet and the band
width. Aswith resolution, anything that affects the seismic wavelet in terms of amplitude or
frequency content affects the penetration.

Absorption characteristics of the strata are particualy Sgnificant. Figure 5 shows
attenuation of the seismic signd due to absorption for various sub-sedlevel depths and
frequencies. An absorption of 0.2 dB per wavelength has been used. (For glacid tills and
Tertiary srata this may be optimigtic but it permits ‘best casg conclusions). If no more
than a 20 dB lossin sgnd istolerable, then 50 Hz signals will penetrate 2000 metres sub-
seabed, 100 Hz » 1000 metres, 500 Hz » 180 metres, 2000 Hz » 45 metres.

Low frequencies are required for greater penetration but, this generaly dictates the use of
high power sources which do not have suitable band widths for good resolution. A careful
compromise is required, therefore, between penetration and resolution, depending on the
survey objective.

Vertical Resolution

Resolution is defined as the ability to separate two very closdy spaced seismic reflectors.
Vertica resolution will therefore dictate the minimum thickness of a bed which can be
detected at the objective sub-seabed depth. Resolution is controlled by the time duration
of the seismic wavedet which is itsdf dependent upon the band width of the transmitted
pulse. If the seismic wave et conssted of a sngle frequency, the optimum resolution would
be one quarter of the wavelength ( /4). However, in an acoudticadly noisy environment,
resolution of haf the wavdength  ( /2) may be more redigtic. The wavelet does not
consgs of asingle frequency, but arange of frequencies (the band width), with a particular
fundamental frequency. Resolution is controlled by a combination of band width and
fundamentd frequency.

5388888-°
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Bad wesather conditions will degrade vertica resolution due to band width reduction
caused by depth variations in the source and streamer (see Section C.6). In addition,
ggnd-to noiseratio will be reduced which will impact upon resolution (see Section C.9).

Anything that affects the seilsmic wavedet in terms of amplitude or frequency content
affects the verticd resolution. The mgor factors are listed below:-

() Characterigtics of trangmitted saismic sgnd.

(i)  Water column losses (spherica spreading).

(i) Reflection/refraction losses at interfaces (seabed and sub-seabed).

(iv) Absorption (frictional losses during propagation).

(v)  Acquigtion/recording parameters and equipment limitations.

(Vi) Seasmic data processing.

Items (i), (v) and (vi) are controllable and should be carefully sdlected and supervised (see
Sections F, and G). Item (ii) can be controlled to some extent by utilisng deep tow
sysems, where gppropriate. Items (i) and (iv) are not controllable and depend
completely upon the geology of the area. Within the UKCS, considerable varigtions are

experienced in the shdlow geology and corresponding variations in resolution are
observed.

Table2 shows the varigtion of vertical resolution with frequency, based soldy on
fundamentd frequency and assuming the | /4 criteria It is a ampligic mode but it
illugtrates the degradation of resolution that occurs with decreasing frequency. This is
important, as the high frequency sgnals are logt as the sgnds propagate through the
ub-seabed drata and, consequently, resolution decreases with increasing sub-seabed
depth (Section C.2 and Figure 5).

Vertica Resolution (m)
Fundamental Frequency (Hz) Velocity Velocity
1500 ms™ 2000 ms™
5000 0.08 0.10
1000 0.38 0.50
500 0.75 1.00
250 150 200
100 375 5.00
75 5.00 6.67
50 7.50 10.00
25 15.00 20.00

Table 2 : Vertical resolution for various fundamental frequencies and seismic velocities
(I/4 criteria)

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2
April 1997
Issue No 1 35

k



C4

C.5

C.6

Detectability and I nter pretability

Resolution dictates the ability to separate two very closely spaced seismic reflections, but
beds thinner than the resolvable thickness will sill generate a seismic response and can
thus be detected. For these thin beds, the amplitude of the reflection is linearly
proportiona to the thickness of the bed.

The detectability is particularly dependent on signd-to-noise ratio. On noise free data,
very thin beds can be detected. On seismic data, as a rule of thumb, the detectability is a
factor of four greater than the resolution i.e. a sand 4m thick may be detectable but its
thickness can not be resolved.

If a bed is detectable, it does not necessarily imply that it can adso be interpreted. The
interpretability depends upon resolution, detectability and geological complexity. In rapidly
varying geology, a change in seismic response cannot be uniquely related to the properties
of asingle bed.

Signal Stretch

Although only relevant to multi-channd seismic data which is subsequently CMP stacked,
sgnd sretch should be consdered when designing survey acquisition parameters as it
dictates the acceptable source to hydrophone offsets. Signa stretch will degrade vertica

resolution unless ‘over-dretched’ data are muted. Stretch will be particularly severein the
shdlow section when offsets are long. If multiplicity is required in the shalow section,

short offsets are therefore required. Unfortunately, the longer offsets are useful for water
bottom multiple suppresson o the stretch mute should be selected with care. To maintain
resolution, it is recommended that Sgnd dretch islimited to a maximum of 10 percent.

Figure 6 shows dretch factors for various sub-seabed depths and offsets assuming a
smple geologica and acquisition model. With an offset of 50 metres and a receiver group
interval of 12.5 metres, Figure 6 shows that the 10 percent stretch would dictate the use
of only receiver groups 1-4 at 100 metres below sea surface, 1-17 at 300 metres and full
multiplicity only a 850 metres below sea surface.

An acceptable angle of incidence of reflected data arriving a the streamer of up to
20 degrees is often quoted in the literature. This 20 degree criteriais advised for severa
reasons including sgnd sretch, avoiding totd internd reflection, avoiding refracted events,
favouring compressiond rather than shear waves and permitting a smple relationship
between reflection coefficient and impedance. Figure 6 shows tha this agrees
approximately with the line of 10 percent stretch factor.

Tow Depth Ghosts

When towed near the sea surface, the depth at which both seismic source and receiver
are towed is critica due to the presence of secondary signds reflected from the sea
surface (ghosts). Dedtructive interference of signds will generate notches a frequencies
dependent on the tow depths. If these notches occur within the band width of the signd,
the usable band width will be reduced and resolution degraded.

Some systems (deep tow and sub-tow) can be towed at depths which avoid these
condraints by avoiding pulse shaping effects. The sea surface effects are then limited to
saigmic multiple reflections.

The source and receiver should be towed a a depth equivdent to one quarter of the

wavelength of the dedred frequency. This is illudrated in Figure 7 which shows the
notches in the frequency spectra produced by avariety of tow depths.
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Table 3 tabulates the optimum tow depth for various fundamenta frequencies. For
example, if a fundamenta frequency of 200 Hz is avallable, atow depth in the order of
2 metres should be utilised. If afundamentd frequency of 750 Hz is available, atow depth
in the order of 50 centimetres should be utilised.

Fundamental Frequency (Hz) Optimum Tow Depth (m)

50 75

100 38

200 19

500 08

750 05
1000 04
2000 0.2

Table 3 : Optimum tow depth for various fundamental frequencies based upon tow
depth ‘ghost’ reflections

C.7 Lateral Resolution

Latera resolution will dictate the smalest ared extent of a feature which can be detected.
Latera resolution is controlled by seven mgor factors-

() Characterigtics of tranamitted seismic sgndl.
(i) Traceinterva.
(i)  Hydrophone array length (smearing across the CMP).

(iv) Survey line spacing.

(v) Feathering (see Section C.8).

(vi) Sesmic data processng.

(vii) Seismic wave propagation.

Items (i) to (vi) are controllable and should be carefully selected to meet the objective.
Item (vii) is out of our control and depends upon physics and the geology of the area.
However, with careful sdection of line spacing and orientation, its effects can be
minimisad.

Item (vii) is discussed below in more detall to assst the understanding of how its effects
can be minimised. A seismic path from source to receiver involves propagation aong a
wavefront, not a sngle ray path. Signals are reflected from an areg, cdled the Fresnd

Zone, not from a single point. The Fresnel Zone is dependent on the period of the wave,
which is large for low frequencies and smdl for high frequencies. The higher amplitude
returns are from the centra area of the Fresnd Zone, which is often caled the reflecting
zone. The reflecting zone diameter is roughly haf of the Fresnel Zone diameter. The larger
the area of the reflecting zone, the greeter the ‘smearing’ of events with a corresponding
reduction in resolution. Therefore, the ided sgnd for laterd resolution is a high frequency
sgnd, producing a narrow reflecting zone. Unfortunately, such signas will not penetrate
very far sub-seabed (Section C.2 and Figure 5).

When deciding upon survey line spacing it is essentid to ensure that the spacing is of the
correct order, such that the area between lines is covered by the reflecting zone of the
avallable frequencies, particularly the fundamental frequency.
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Table 4 tabulates the diameter of reflecting areas for a range of sub-source depths and
frequencies. For example, if seiamic reflections at a fundamentd frequency of 100 Hz at
300 metres sub-sedleved are required, a line spacing in the order of 50 metresis required
to avoid gapsin the seismic coverage.

Frequency (Hz)
D;ﬁj:‘gg?ﬁ%w % | 50 | 75 | 100 | 250 | 500 |1000 |2000 |5000
50 29 | 27 | 2 | 9 | 2 | 9 6 4 3
100 55 | 29 | 2 | 27 | 17 | 2| 9 6
200 79 | 56 | 45 | 309 | 5 | 8| 12
300 ® |60 |57 | 4 |2 |2
400 15 | 81 | 66 | 57 | 3 | 26
500 0| 2 | B | & | 4
750 64 | 116 | %5 | & | m
1000 195 | 138 | 113 | o7
1250 24 | 188 | 129 | 112
1500 51 | 177 | 145
2000 207 | 210

Table 4 : Diameter of reflecting zone (in metres) for various frequencies and depths

The Fresnd Zone criteriaindicate the Sze of the reflection area, but not the minimum ared
extent of a feature that is detectable. For an event within the Fresnd Zone to be
noticegble, it should make a sgnificant contribution to the returns from the zone, to such
an extent that it is recognisable as variationsin sgna amplitude when compared to returns
from adjacent CMP's. Laterd detectability therefore depends on the reflection contrast
between the event and the adjacent or background reflections.

In the case of a gas bearing sand, the background reflection coefficient is the reflection
coefficient of the reflection marking the top of the reservoir where no gas is present. This
differs Sgnificantly from the areawhere gasis present.

Table 5 tabulates the diameter of an object which could be detected for a variety of
background reflection coefficients. For the computations, the reflection coefficient of the
object was assumed to be -0.25, a typicd vadue for a gas bearing sand in a clay
sequence. Object size is computed for various fundamentd frequencies.

The criterion used for the recognition of an event is an increase of reflection amplitude to
five times the background level. This recognition criterion depends upon the object having
a shap boundary, therefore it will not be gpplicable in areas of laterd lithologica

vaidion.
Background Reflection Coefficient
Frequency (Hz) 01 0.05 0.02
250 58.0 410 259
100 919 65.0 414
50 130.1 920 58.2
25 1839 1300 822

Table 5 : Minimum diameter of an object (in metres) which can be detected,
at500 metres bel ow the seismic source, assuming the eye can only recognise
a 5-fold increase in amplitude on the paper record.
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C.8

C.9

If a 5fold increase in reflection amplitude is required, Table5 shows that an object
would have to be 41 metres in diameter a 500 metres sub-seabed for a 100 Hz
fundamenta frequency (assuming there is good reflection contrast).

Excessive feathering (Section C.8) will degrade laterd detectability, since the size of the
reflection area will increase. This means that the Sze of objects provided in Table 5 are
the *best case as zero festhering angle is assumed.

Feathering

Excessve feathering will degrade latera resolution when the data are CMP stacked,
effectively increasing the sze of the area from which reflections are received. In extreme
cases of feathering, reflecting areas may not even overlap at higher frequencies.
Thisisillugrated in Table 6, which shows the spread of CMP positions for various feather

angles and sub-seasurface depths. As long offsets will be muted in processing a shdlow
depths (Section C.5), shorter offsets have been used with the shallower depths.

Depth Below Source-Receiver Offset (m) CMP Spread (m)

Source (m) assuming 10% Stretch Mute (Fig 1) 1° 6° 10°
50 50 04 26 44

100 0 08 a7 79
200 180 16 95 159
300 250 22 131 220
400 320 28 | 168 282
500 330 33 | 200 335
750 570 50 | 300 50.3
1000 750 66 | 394 66.1
1250 930 81 | 489 820
1500 1120 98 | 589 98.7
2000 1250 109 | 65.7 1102

Table 6 : CMP spread (in metres) for 1°, 6° and 10° feather angles.

For optimum resolution, zero feather angle is required. In practice, this is very difficult to
achieve and a typica vaue for maximum acceptable feather is 6degrees. As shown in
Table 6, for a 600 metre source-receiver offset, this may produce a spread of CMP
positions in the order of 30 metres at deeper objective levels. It will, however, ensure that
the centre of the Fresnd Zone for the last CMP will fal well within the Fresnd Zore of the
firda CMP (for dl frequencies a the sub-sedeve depths which they are likdy to
penetrate). With the 6 degrees feather, the extenson of the Fresnd Zone radii should be
less than 50 percent. However, 6 degrees feather will reduce the Fresnel Zone overlap to
approximately 66% and the reflecting zone overlap to approximately 40%.

Excessve fegthering where there is cross line dip will o introduce stacking velocity
errors.

Key lines requiring optimum resolution such as those which pass through the proposed
location, should be acquired at dack tide when festhering is a aminimum.
Signal-to-Noise Ratio

Seigmic sgnd should be digtinguishable from background noise a the objective leve.
Low amplitude sgnd may be sgnificant, o0 every atempt should be made to minimise
noise and maximise sgnd.
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Output signd levels will depend upon the seismic source characteritics, and the returning
sgnd levels are linked to sub-seabed penetration.

Noise depends on the data acquisition parameters and recording and processing
techniques. In addition, noise in the field may be created by sea Sate, seismic interference,
vessdls, rigs or platforms, cable jerk, etc.

Although data processing will enhance sgnd-to-noise ratio, careful consderation should
be given to noise levels which can be tolerated during acquistion, and care should be
taken to avoid inducing noise during subsequent recording and processing.

Noise will dso affect resolution as it may reduce the detectability of thin beds. It will dso
affect verticd and laterd detectability since subtle changes in amplitude will not be
noticed. In some cases it may be advantageous to improve sgna-to-noise by using high
power sources or frequency filtering, at the expense of band width.

Sgnificant noise is often source related in the form of linear coherent events. This is a
partticular problem in the shdlow geologicd section where non optimum stack array
geometries may be used (Ref: Larner 1983 and Vermeer 1990).

CMP gacking of multi-channel ssismic data will improve the sgnd-to-noise ratio of the
data. If nis the fold of data in the stack, the signd-to-noise ratio will be improved by a
factor On. Increasing from 24 to 48 fold stack will therefore only produce a 41%
improvement in dgnd-to-noise ratio and then, only if the CMP stacking velocity is
correct.
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Section D - Positioning Consider ations

Surface pogtioning facilities and capabilities have changed over the last few years due to the
advance of satdlite pogtioning techniques, and in paticular to (Differentid) Globad Postioning
Systems (DGPS) being widdy avalladle. In dmogt al stuations DGPS can provide the required
positioning accuracy for rig site surveys. The usage of radio positioning systems is gradudly being
phased out, and some systems have aready been dismantled or downgraded. However, radio
positioning systems are not yet fully obsolete, and some consideration has to be given to their
characteristics and performance. This Section will discuss rig Ste survey positioning accuracy
requirements, followed by specific DGPS and radio positioning dependent considerations.

D.1 Requirements

D.1.1 Precison
For rig Ste surveys, the precison required from a postioning system is dictated primarily
by the ability to recover a pogtion repeatedly. This position may be an existing seismic or
Ste survey data grid or a fixed point such as a well, borehole or seabed fegture (eg. a
wreck).

Precison is dso dictated by the requirement for high vertica resolution of the seismic data
which reguires limitation of residua phase shifts in the CMP gather for preservation of the
saiamic data band width. For horizonta reflections, erratic poditioning will not produce
phase shifts, due to the fixed source-streamer geometry. However, for dipping reflections,
erratic postioning will produce phase shifts.

In Section C.5, a typicd vaue for maximum acceptable signd dretch of 10 percent
(36 degrees phase shift) is advised. With a CMP positioning tolerance of + 1 metre, sgna
stretch n excess of 10 percent (for a 250 Hz sgnd) will occur with reflection dips of
10 degrees or more. With a CMP positioning tolerance of + 0.5 metres, sgnd dretch in
excess of 10 percent will occur with reflection dips of 20 degrees or more. Fortunately,
reflection dips are generdly of very low angle in the zone of interest for shalow gas
aurveys in the UKCS, therefore, a rdaxation of CMP pogtioning tolerance should not
produce excessive signa dretch.

Fresnel zone criteria (Section C.7), dictate that the CMP positioning tolerance is not a
dgnificant factor in the preservation of horizonta resolution. Streamer feathering
(Section C.8) has more effect on CMP postion than errétic positioning.

D.1.2  Ship/Source/Receiver Geometry

In the inline-direction, undetected errors in the spread will not incur residua moveout
errors due to the fixed source streamer geometry. Errors in the crosdine-direction will
potentialy reinforce the effect of streamer fegthering (see Section D.8) and degrade the
CMP stack of multi-channel seismic data

Offsets and laybacks should therefore be carefully measured. Careful field quality control
should congtrain these errors to less than +1 metre on asingle steamer spread. Analyss of
selgmic data using seismic processing packages in the fidd is very useful for offset qudity
control. If multiple streamer operations are contemplated careful consideration should be
given to Streamer poditioning to minimise these errors.
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D.1.3

D.14

Elevation

The gpplication of Norma Move Out (NMO) relies on high precison in the measurement
and control of the eevation of the streamer hydrophones. This will redtrict the resdud
phase shifts in the CMP gather to an acceptable limit and thus preserve higher
frequencies. Streamer and source depth control and the ability to measure their depth are
therefore of dgnificant importance. Therefore, streamer depth controllers and depth
indicators should be & a maximum of 100 metre intervals.

Table 7 tabulates devation accuracy tolerances for phase shifts of 36 degrees (the
recommended maximum), 50 degrees and 100 degrees. At 250 Hz, tolerances of
0.3 metres to 0.8 metres are required, imposing a serious congraint on the ability to stack
data and maintain resolution.

Elevation Accuracy Tolerance (m)
Phase Shift Phase Shift Phase Shift
Frequency (Hz) 36° (+ 18°) 50° (+ 25°) 100° (£ 50°)
25 +3 + 42 + 83
50 + 15 + 21 t 4.2
75 + 10 + 14 + 28
100 + 0.75 + 105 + 21
250 + 030 + 04 + 08
500 + 015 + 021 + 04
1000 + 0.08 + 005 + 02

Table 7 : Elevation tolerances for various frequencies assuming 36°, 50° and 100°
maximum phase shifts, and a velocity of 1500 ms™ (wor st case vel ocity)

Off-line Tolerance

Off-line tolerance should be specified to ensure the vessd surveys reasonably straight lines

in a regular grid. There may aso be reguirements for running survey lines across a

particular point, such as the proposed well location, or boreholes and wells which are to

be tied to for correlation purposes.

Acceptability criteriafor off-line tolerance should therefore consder three factors-

() How graight do the survey lines need to be?

(i)  How important is the regular spacing of the survey grid?

(i) How far from the particular point of interest can data be acquired without
invaidating the correlation?

Items (i) and (ii) will depend upon the sensors deployed and the local geology or

bathymetry. Item (iii) depends very much upon the locd geology and bathymetry.

Acceptable off-line tolerance should depend upon survey objectives, not upon the

postioning sysem used. Unfortunatdy, off-line tolerance will dso depend upon the

accuracy of the pogtioning system utilised and this dependence may conflict with the

acceptable off-line tolerance when particularly small festures are to be investigated.
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D.2

D.3

D.4

Differential Global Positioning Systems (DGPS)

Since 1994, the use of DGPS for rig Site surveys has dmost become industry standard,
based upon the increased confidence in operating reliability, technical capabilities and
quality control facilities. DGPS can be used as a Sandaone positioning system for rig site
surveys provided the system complies with the requirements laid down in the "UKOOA
Guidelines for The Use Of Differential GPS In Offshore Surveying”. However, the
use of a secondary positioning system, whether an independent DGPS system or aradio
positioning system, should be consdered for Qudity Control, increased reliability and
reduction in possible operationd downtime.

As an adsolute minimum, the folloning items should be considered before, and when,
employing a DGPS system.
Avallability of a leest one suitably equipped reference gation which has co-
ordinates determined in the WGS84 reference system.
Thetype and availability of the differentid link to be used.
Differentia corrections being available in approved format (for example RTCM SC
104).
The differentia corrections not exceeding a specified age (minimum 10s).

The capabilities of the DGPS system with regard to the use of datistica testing and
the computation of rigorous statistica quality messures.

The provison of a monitor station, to provide assurance againgt errors, with the
facility to transmit QC parameters and warning messages to remote stations (users)
in near red time.

Survey planning with respect to GPS congtellation considerations.

Elevation angle weighting and height aiding.

Ddliverables and data logging.

The parameters to be used for the datum transformation from WGS84 to the
relevant locd datum, and an unambiguous convention for the direction of the
rotation parameters.

Training requirements for al personnd involved in operating the DGPS system,
either onshore or offshore.

Radio Positioning

For details of items to be consdered before, and when, employing a Radio Positioning
System refer to Section |, Reference Bibliography.

Sensor Positioning

The requirement for sensor postioning should be considered, particularly where deep
water surveys are planned. Deep tow survey sensors and seismic streamers may be
towed a consderable distance from the survey vessel and their postion will be affected by
prevailing currents and winds. Off-line tolerance is as relevant to survey sensors, asit isto
the survey vessd, therefore, the sensor postion should be known. Determination of
streamer feathering is dso important (Section C.8).

The most common method for sensor positioning is underwater acoustic positioning.
However, its success is dependant upon range, ambient noise and water veocity
conditions.
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D.5 Calibration

Cdlibration of radio and underwater acoustic positioning systems is needed to determine
the sysematic erors inherent in the sysems, and to check that the equipment is
functioning correctly before the start, and upon completion, of the survey. For al fied

operations, careful attention should be paid to the cdibration of the positioning system
prior to the gart of the survey.
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Section E - Survey Equipment

E.1l

Seismic Sour ces

Sources can be characterised by their signad levels, band width and peak frequency.
These factors control the resolution and sub-seabed penetration of the seismic Sgndl. The
seismic source should be carefully sdlected o ensure its characteristics meet the survey
requirements. In addition, lowest sgnd levels should be used consigtent with the survey
needs to minimise disturbance of cetaceans (see Section A.2.6). To ensure seismic
sources conform to their specifications, satic pulse trids are advisable prior to utilisation.

The ided seilsmic source should produce a repeatable, short duration pulse, preferably
minimum phase. A minimum phase pulse is preferred since the filtering actions to which
seigmic Sgnds are subjected to during propagation are minimum phase, as is much of the
seigmic data processng (Section F.1). Non-minimum phase sources therefore require
additiona seismic processng to convert the data to minimum phase. Any varigions in
repeatability of the pulse will complicate this converson so non-minimum phase sources
should only be used if there are specific needs for their characteristics.

Some seismic sources are only suitable for operation near the sea- surface. Others may be
towed ether near sea-surface or near seabed. If a source is towed near sea-surface,
congderation should be given to sea-surface ghost reflections (Section C.6). Outgoing
sgna amplitudes and band width can be changed considerably by adjusting depth of tow.
If a source is deep towed, less energy is lost due to spherical spreading in the water
column and latera resolution will be improved (Section C.7).

Repestability of the seigmic signd is important, particularly if excessve post- processing of
the data is to be avoided. To exsure good repeatability, sources will generaly require
regular maintenance to ensure optimum performance. Sources are particularly susceptible
to fluctuations in tow depth which will affect the outgoing seismic Sgnd. If source arrays
or clusers are used, gun synchronisgtion is very important to ensure optimum
performance and repeatability. For those sources prone to lack of repeatability or gradua
degradation, shot to shot monitoring of the outgoing signd is advised. For multi- channd
seismic work the far field signature of the source should be recorded on a shot by shot
basisto assst processing of the data (Section F.1.5.1).

It is possible to fire and record two different seismic sources on one survey pass with
minima mutud interference. This may require time gating of the two sources if they
operate within the same band width. However, this requires a reduction in firing rate,
degrading laterd resolution. The higher frequency sources generdly used for single
channd saismic work can be operated smultaneoudy with lower frequency sources
generdly used for degper penetration single channed analogue or multi-channd digital
seigmic acquigition. Some compromise will be required in data qudity for one or both
systems and the commissioning of such dud-seisamic-source surveys should be carefully
consdered. The deployment positions of the towed sensors should also be sdlected with
care to prevent them from physically damaging each other.
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E.2

The seismic sources recommended for use in soils investigation surveys on the UKCS are
the EG & G Boomer (or smilar), the Huntec Deep Tow Boomer and the NSRF Deep
Tow Sparker. These systems have a broad band width, providing resolution of better than
50 centimetres and sub-seabed penetration of up to 100 metres. However, sub-seabed
penetration will depend upon local soil conditions and may be saverely limited compared
to the figures quoted below (e.g. in graves and tills).

If deep tow systems are to be consdered, the water depth should be adequate. When
using dternative seismic sources, such as pingers and chirp profilers, congderation should
be given to thelr restricted sub-seabed penetration.

If there is an additiond requirement for deeper data to assst in casing setting studies or
deeper foundations, the seismic sources discussed above are unlikely to provide adequate
ub-seabed penetration. For these objectives an additiona survey pass with an dternative
seismic source may be required. Alternatively, as discussed above, it is possible to fire
and record two saismic sysems on one survey pass with minima mutud interference. If
shdlow gas survey datais available, this may be adequate for these deeper objectives.

Hydrophones

Hydrophones may be single eement receivers but are more commonly arranged as an
array condsting of multiple dements.

The advantages of a hydrophone array are an improvement in the sgna-to-noise rtio,
improved response to reflected sgnas from the target area below the receiver array, a
reduction of ambient noise and a reduction of coherent noise arriving aong the line of the
aray.

Hydrophone arrays have a pattern and spacing response which is related to the number of
elements and the overdl array length. The pattern response controls the directionality of
the receiver. Directiondity is greater for higher frequencies than for lower frequencies. The
longer the hydrophone array, the more directiond it becomes. It is the directiondity of the
array which reaults in the reduction in ambient and organised noise. However, if array
lengths are not chosen with care they will dso reduce sgnd levels due to this
directiondity. With increasing offset, sgnd suppresson will become more of a problem,
particularly a higher frequencies. Emergence angle, i.e. the angle of incidence of reflected
data arriving a the receiver, istherefore very important.

If high frequency data is required, source to receiver offsets should be smdl and array
lengths short.

When using a hydrophone array, consideration should aso be given to spacing of the
individua hydrophones. They should be equi-spaced to uniformly sample the wavefront,
and ther spacing should saisfy Nyquis sampling criteria Table 8 ligs maximum
frequency which can be sampled for different hydrophone € ement spacing and emergence
angles.

Element spacing is usudly less than 1 metre. Therefore, for acceptable emergence angles
(Section C.5), data in excess of 2200 Hz will be recorded (assuming the seismic source
can generate these high frequencies and that there are primary reflections a these
frequencies).

Emergence Angle
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Element spacing 5° 10° 20° 40°
2m 4300 Hz 2200 Hz 1100 Hz 600 Hz
Im 8600 Hz 4300 Hz 2200 Hz 1200 Hz
0.5m 17200 Hz 8600 Hz 4400 Hz 2300 Hz

Table 8 : Maximum frequency for various hydrophone element spacing and emergence angles
(velocity = 1500 ms™).

If multi-channel data is acquired, consderation should aso be given to the spacing of the
hydrophone receiver groups. These should aso be equi-spaced to sample the wavefront
uniformly, and their spacing should also satisfy Nyquist sampling theory. As receiver group
spacing is usudly an order of magnitude greeter than dement spacing, it is of far greater
importance when consdering Nyquist sampling criteria. Table 9 bdow ligs maximum
frequency which can be sampled for different hydrophone group spacing and emergence
angles.

Emergence Angle
Group spacing 5° 10° 20° 40°
25m 340 Hz 170 Hz 0 Hz 50 Hz
12.5m 690 Hz 350 Hz 180 Hz 90 Hz
6.25m 1380 Hz 690 Hz 350 Hz 190 Hz

Table 9 : Maximum frequency for various hydrophone group spacing and emergence angles
(velocity = 1500 ms™).

The most common hydrophone group spacing is 12.5m, so if frequencies in excess of
200 Hz are required, the emergence angle should not exceed 18 degrees (approximately).
If 25 metres group spacing is used, the emergence angle should not exceed 9degrees.
Figure5 shows the effect of 18 degrees and 9degrees emergence angles, assuming a
smple geologicd and acquisition mode. At sub-sedevel depths of 200 metres this may
mean that only single fold data can be acquired without diasing of the data.

Figures8, 9 and 10 show the array response for a 6.25 metres, 12.5 metres and
25 metres group length streamers, respectively. The Nyquis Wavenumber (Kny) is
shown on the plots for 6.25 metres, 12.5 metres and 25 metres group intervals. Also
shown are noise, diased noise and seismic data (10 degrees and 20 degrees emergence
angles) on a FK (Frequency - Wavenumber) plot. If the group length is the same as the
group intervd, the first notch produced by the array will provide some attenuation of data
diased by the group intervd, protecting seismic data. However, if ether the group length
is less than the group intervd, or the group length is more than the group interva
(overlapping arrays), diased data will not be attenuated and will appear in the saismic
data as noise.

Figures 8, 9 and 10 aso show that aliased noise and data will be suppressed when they
cross the K=0 axis, particularly at low emergence angles. If the group interva istwice the
group length, the Nyquist Wavenumber will be haved and the suppression of the first
notch will not benefit the data.

The need for short group lengths for high frequency data is clearly indicated in
Figures8-15. The figures show the benefits of acquiring data with short group
lengthVinterva streamers. The shorter the group length, the less directiond the array a high
frequencies, and the higher the frequency which will be protected from aiasing of noise or
seigmic data
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E21

E.2.2

Hydrophones may be towed near sea-surface or, in the case of deep tow systems, near
seabed. If they are towed near sea-surface, consderation should be given to sea surface
ghost reflections (Section C.6). Recelved sgnd amplitudes and band width can be
changed congderably by adjusting depth of tow.

Presarvation of sgnd-to-noise ratio is of great importance for the seismic method. Noise
should therefore be minimised when towing hydrophones. The condition of the
hydrophone array is of importance for minimisng noise. Air bubbles within the kerosene
filling of the streamer, and externd fittings such as lead weights or depth controller birds,
will generate noise. Survey vessdls should be acoudtically ‘quiet’ as vessdl generated noise
must not severely degrade signa-to-noise ratio. Therefore, the offset from the stern of the
vessd isaso of importance to reduce ship generated noise.

The basc characterigics of hydrophones commonly used for rig dte surveys are
summarised below. Where relevant, array response curves are provided to illudtrate the
directiondity and Nyquist sampling criteria

Single Channed Hydrophone Char acteristics

Band width : 20 - 10,000 Hz

Directivity X See array response curves, Figure 11 and 12

Hydrophone arrays for multi-channel acquisition

The sreamer arrays in common usage in the UKCS have group lengths of 6.25 metres,
12.5 metres or rarely 25 metres. Due to the large number of manufacturers of these
arays, only typical characteristics are listed below.

Band width : 5- 1000 Hz
Directivity X See array response curves, Figures 13-15
Typicd parameters for a streamer array for use in shdlow gas surveys on the UKCS
follow below:-
48 groups minimum.
Group length 6.25 to 12.5 metres.
600 metres minimum active length.
Depth controllers and indicators at least every 100 metres.
Preferably equa spacing of hydrophone eements throughout the streamer.

A 600 metre streamer may not provide adequate moveout for deeper objectives
(1000 metres). For good velocity control at these levels, longer streamers, 1000 -
1200 metresin length, should be consdered.
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E31

Seismic Recording and Display
Multi-channel Digital Recorders

The purpose of these systems is to convert andogue sgndsinto digital form for recording
on magnetic medium.

They are designed to record seismic data with minimd loss of fiddity. Upon replay of the
data it should be possible to reconstruct the origind input analogue signas. To ensure the
systems are operating to specification, comprehensive system tests are required on a daily
and monthly basis.

Important characteristics are discussed below.

Digital Sampling: The sampling interva of the sysem should alow preservetion of
the band width required for resolution. When gpplying Nyquist sampling criterion it
must therefore be less than hdf of the sortest wavelength of the frequency to be
sampled. To sample 1000 Hz then a sample interva of 0.5 milliseconds is required,
wheress to sample 250 Hz then a 2 millisscond sample intervd will suffice. In
practice, the signal phase is affected at 70 percent of the Nyquist frequency.

Anti-alias Filter: Any sgnd with a frequency greater than the Nyquist frequency
will dias back into the sgna spectrum. A high cut filter is required therefore to
reduce the amplitude of these frequencies. Traditiondly, the filters are sdected to
start at ¥2Nyquist frequency. The dope of the filter is chosen to conform with the
source and hydrophone characteristics and is steep (~ 72 dB per octave) so that
there is high atenuation of noise (and any data) at the Nyquist Frequency.
However, to preserve the band width of the data, without the requirement for
incressed sampling intervas, the filter should dart a around % of the Nyquist
frequency. This may dlow a smdl amount of diasng, but will preserve higher
frequencies.

Low-cut Filters: Low cut filters can be used to attenuate low frequency noise.
Such noise, however, is best atenuated in the seismic processing stage. The low-cut
filter should therefore be designed such that it does not affect the band width of the
source. A low-cut filter in the order of 812 Hz is recommended for the sources
typicaly used for rig Ste surveys. Care should be taken to ensure the low-cut filter
is desgned to exclude noise which might overdrive the andogue-digitd sgnd
converter. If this happens the dynamic range available for the seismic data may be
Substantialy reduced.

Dynamic Range: The dynamic range of adigita recorder is limited by the number
of bits avalable in the sysem. The standard for UKCS operations is 16 bit
recording with IFP which gives typicd dynamic ranges in the order of 72-84 dB.
The amplitude ratio between RMS sgnd and RMS noise is generdly greater than
100 dB (1:100,000). New technology is congtantly improving the effective dynamic
range of the reproducible sgnd. This extends the Sgnd to noise range and increases
the potentid for computer workstation analysis of seismic data, including attribute
andysis techniques. 24 hit recording will increase the dynamic range to 115-120
dB. Careful sdection of filter and amplifier gain settings, as well as seismic source
and hydrophone sdection and geometry, are required to ensure that the dynamic
range in the sgna matches the recorder performance.
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E.3.2

E.3.3

E34

E.4

Cycle Rate: This is the minimum time between successve fire commands thet the
system will record. It depends on the system performance and the chosen record
length. With fast source firing, record length may need to be chosen carefully.

Number of Channels: Thisisthe number of data channels which can be recorded
at each shot point. Data from the hydrophone streamer should be recorded together
with the far field source signature and time breek.

Number of Samples Recorded: Thiswill depend upon sample interval and record
length.

Data Recording: The standard recording formats are SEG B or SEG D formats at
1600 or 6250 hits per inch. New data recording technology is increasing the
available options.

Analogue Chart Recorders

Data can be recorded on dectrosengtive or thermal paper. The dynamic range of such
recording isin the order of 24 dB.

A wide variety of recorders exigt, but the important characteristics for seismic data are
repetition rate, sweep speed and rate of paper advance. The recorders should permit
display of the seismic data & a scae which dlows the resolution of the data to be
exploited without excessve scale digtortion. Vertical exaggeration of such records is
vauable. Excessive overlap or undue spacing of traces should be avoided.

As discussed in more detail in Section E.2, severa options exist for processing anaogue,
sangle channd data. Thisis usudly undertaken on line.

Other Data Recorders

Single channel andogue seismic and sonar data may be recorded in analogue form on
megnetic tape or in digital form on DAT tapes, computer discs or optical discs. No
sandard formats exist for these data athough attempts are being made to standardise
digital formats. These seismic data are now often recorded in SEG Y format. Multi-
channd recordings should include raw data, trigger, and event mark or fix data on
Separate channels.

Dynamic range of the RMS sgnd to RMS noise of these recordings is in the order of
48 dB. Tape speed should be sdected to ensure the full band width of the data can be
recorded.

Video Display Units
These dlow colour display with a greatly improved dynamic range of at leest 65 dB.

However, unless hard copy colour records are dso available, these displays are more
auitable for search and inspection work.

Side Scan Sonars

To detect obstructions on the seabed and delineate seabed features, dual channe side
scan sonars with operational frequencies of 100 kHz or higher should be used. These
systems provide transverse (perpendicular to track) resolution of events to 20 centimetres
in good wegather conditions. If there are particular requirements for identification of very
small seabed features or objects, then a very resolute system should be used, operating at
around 500 kHz. These sysemswill alow resolution of eventsto 10 centimetres or lessin
good wesather conditions.
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E41l

The sdected sonar range should be grester than the survey line spacing to ensure
adequate overlap of sonar coverage. 100 percent overlap is the accepted industry
standard.

Transducer beam widths and depression angles should be salected for optimum resolution
and data coverage in the survey area.

True-scde systems, which remove scade digtortions in the sonar record are commonly
available. These systems do not offer any enhancement of data quality (in fact the reverse
may be true), but may be useful for interpretation purposes.

A wide variety of Sde scan sonar systems are available, many of which are suitable for rig
Ste surveys. Sonars can be characterised by their frequency of operation, horizontal and
vertica beam width, pulse length and pulse repetition rate. These factors will control the
resolution and range of the sonar system.

Resolution

Theoreticdly, resolution of side scan sonar systems is primarily controlled by pulse length,
pulse repetition rate and the beam widths. Also of great importance are the sonar height
above seabed and the range. However, as discussed in Section E.4.4, the resolution
limitations of the display media are usualy grester than those of the rest of the system, and
the theoretical resolution values discussed below are therefore somewhat academic. In
addition, sonar fish movements such as yaw and pitch will degrade the theoretica
resolution figures provided below. Resolution can be sub-divided into transverse (or
perpendicular to track) and axia (or aong track).

The transver se resolution primarily depends on pulse length. Due to the way in which
the data is displayed (amplitude modulated), transverse resolution is not likely to be better
than the pulse length of the system. This equates to resolution of festures on the record
which are separated by one hdf of the pulse length, due to two way trave time

consderations. The following resolution should therefore be possble-
Pulse Length (ms) Range Resolution (cm)
0.2 150
0.1 75
0.02 15
0.01 0.75

However, due to the dant range distortion within the sonar data, these range resolutions
will only be "correct” at extreme sonar ranges, where the angle of incidenceis close to the
horizontdl.

The axial resolution is controlled by the beam width and the pulse repetition rate
combined with the vessel ground speed. Beam width dong track is dependent on the
sonar transducer. Figures for beam width are quoted by manufacturers but they should be
treated with caution as they are often optimigtic. Beam width will dictate better resolution
at short ranges than at longer ranges. Point source reflections become axidly stretched a
increased range. Some systems perform better than others in suppressing this dretch
effect. Primary lobe widths are quoted, whilst secondary lobes are usudly ignored. Beam
width for Sde scan sonars is usudly quoted as being defined by the -3 dB points.
Table 10 tabulates the diameter of the areainsonified by the sonar beam at various ranges
for different beam widths.

Slant Range (m)
Beam width 5 10 25 50 100 200
0.2° 2cm 3cm 9cm 17cm 35cm 70cm
1° 9cm 17cm 44cm 87¢cm 175¢cm 349cm
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2° 17 cm ‘ 35cm | 87cm | 175cm | 349cm | 698cm ‘
5° 44 cm 87cm 218 cm 437 cm 873cm | 1746 cm
Table 10 : Diameter of area (in metres) insonified by the sonar beam at various ranges,
for different beam widths

Repetition rate will depend upon the range required since there should be sufficient time
between pulses to display the required seabed returns. However, dong track sampling
interva is linked to repetition rate and vessal ground speed. Vessel speed is therefore
important as a control for axia resolution. Table 11 tabulates the dong track sampling
interva in centimetres for various repetition rates, assuming a vessd ground speed of
2 metres per second (3.9 knots survey speed).

- Theoretical maximum Along track
Repetition Rate (Hz) dlant range (m) Sampling i?]terval (cm)
16 47 125
10 75 20
8 A 25
5 150 40
4 188 50
25 300 80
2 375 100

Table 11 : Along track sampling interval (in centimetres) for various sonar repetition rate
(vessel speed 2 ms or 3.9 knots ground speed).

The beam width effect, combined with the repetition rate, may result in undersampling a
close ranges (with narrow beam widths) and the possibility of missng small festures. At
far ranges, the resolution degrades due to the size of the area from which reflections are
received, but data will not be undersampled. 100% overlap ensures that aress
undersampled on one pass are sampled on the adjacent line.

Sonar fish movements (eg. yaw, pitch, heave and roll) additiondly degrade laterd
resolution, resulting in irregular sampling of the seabed.

It can be seen from the above that resolution depends on severd factors. In generd, axia
(dong track) beam width is the limiting factor, which only loses its importance a ether
very short ranges and/or with very narrow beam-width systems.

E42 Detectability

Theoreticdly, when using narrow beam width systems at short ranges, very smal objects,
eg. 20 centimetres by 10 centimetres, should be detected. However, for the eye to
recognise a sgnificant event, the event should be large enough to cause returns from
several sonar scans. A linear object oriented perpendicular to the sonar fish track will be
less easy to detect than one oriented paralle to the sonar fish track. Also, small features
faling within the acoustic shadow of larger features may not be detectable. See a0 the
cautionary notein Section E.4.4 about use of dant range corrected side scan sonar.

E43 Range

The range of Sde scan sonar systems is controlled by sgnd leve, sgnd-to-noise ratios
and carrier frequency of operation. Lower frequency signals are required for longer range
operations, but this will reduce resolution, due to increased pulse length and beam width.
In some circumstances, particularly in shdlow water, surface returns and/or thermoclines
may limit effective range.
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E44

E.5

Recording and Display

Apart from the characteristics of the sonar transducer, the display/recording media is of
great importance for resolution. Data can be recorded on eectrosengtive or therma
paper which have a dynamic range in the order of 24 dB. A wide variety of recorders
exist but the important characterigtics for sonar data display are repetition rate, sweep
speed and rate of paper advance. Recorders should permit display of the sonar data at a
scde which dlows the resolution of the data to be exploited without excessve scde
distortion or loss of information. The axid resolution of the system will be degraded unless
the dataiis digitised and displayed on some other medium than the conventiona wet/dry or
thermal paper analogue recorders.

Table 12 tabulates sonar display resolution in centimetres for various ranges and paper
widths. The table assumes the minimum spacing on arecord for being able to resolve two
events by eye is 0.2 millimetres

Range (m)

Paper width per channel 50 100 150 200 500
10cm 10cm 20cm 30cm 40cm 100 cm
20cm 5cm 10cm 15cm 20cm 50 cm

Table 12 : Sonar display resolution for various ranges and paper widths.

True scale recording systems which remove digtortions in the sonar record have become
popular within the offshore survey industry. These require digitisation of the sonar signd
which may limit the band width of the signd, depending on the sample rate. Resolution
and the effective dynamic range of the display will be degraded, due to restricted band
width and to the geometric expansion of each sample. These systems are useful for data
interpretation but should be wsed with care if resolution is of great importance. Objects
located directly below the sde scan towfish may not be resolved in a dant-range
corrected display due to a combination of restricted sampling and smoothed height
correction which often relies on primary lobe signa strength and not the attenuated sde
|obe energy.

Side scan sonar data may be recorded in andogue form on magnetic tape or in digita
form on DAT tapes, computer discs or optical discs. No standard formats exist for these
data dthough atempts are being made to sandardise digitd formats. Multi-channd
recordings should include raw data, trigger, and event mark or fix data on separate
channds. Dynamic range of the RMS sgnd to RMS noise of these recordings is in the
order of 48 dB. Tape speed should be sdlected to ensure the full band width of the data
can be recorded.

Video Display Units are becoming more common. These dlow colour display with a
grestly improved dynamic range of a least 65 dB and the ability to undertake interactive
interpretation of the data. However, unless hard copy colour records are aso available,
these displays are more suitable for search and inspection work.

Echo Sounders

Bathymetric measurements should be undertaken with a precision, heave compensated
echo sounder. Echo Sounder frequency of operation shal be commensurate with survey
objectives. Dud recording of data with and without heave compensation is recommended.
Depending upon the sea state, it may not be necessary to apply heave compensation.
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Careful cdibration of the echo sounder should be undertaken for index error, transducer
draught and speed of sound through the water column.

A wide variety of echo sounder systems are available, many of which are suitable for rig
Ste surveys. Echo sounders can be characterised by their frequency of operation, beam
width and sgnd levels. These factors will control the resolution and range of the echo
sounder. Careful consderation should aso be given to heave compensation to remove the
effects of swell on the records.

Swahe (multi-beam) echo sounder/bathymetry sysems are becoming increasingly
available. However, the requirement for such detailed bathymetry is generdly difficult to
judtify for rig Ste surveysin the UKCS. In areas where bathymetry is particularly irregular,
there may be some bendfit in utilisng these specidist systems. If these systems are used,
careful cdlibration and the addition of suitable motion sensors are essentid.

E5.1 Resolution

Theoreticdly, resolution of echo soundersis primarily controlled by beam width and pulse
repetition rate. Frequency of transmission, water depth and the display medium are dso of
importance.

The beam width of the transmitted sgnd is dependent on the echo sounder transducer
characteristics. Figures for beam widths are quoted by manufacturers but should be
treated with caution, as they rarely provide their criteria for measuring beam width. The
beam width results in reflections from an area of the seabed (area insonified), not a single
point. This effect produces better resolution at short ranges than a longer ranges. It dso
limits the width of deeper areas which are cgpable of being identified e.g. deep localised
depressions such as some pockmarks. In areas with steep gradients contours can be
displaced and the depth of water beneath the vessal will be greater than that displayed by
the echo sounder.

Beam width for echo sounders is usudly quoted as being defined by the -3 dB points.
Table 14 shows the diameter of the area insonified in metres for various beam widths and
water depths. For example, with a beam width of 3degrees in a water depth of 100
metres, the detected water depth will be the shallowest point within an area of 5.2 metres

diameter.
Water Depth (m)
Beam Width 25 50 100 150 300
3 13 26 5.2 79 157
8 35 7.0 14.0 210 420
15° 6.6 132 26.3 395 79.0
20° 8.8 176 353 529 1058

Table 14 : Diameter of the area insonified (in metres) by an echo sounder, for various
beam widths and water depths.
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E.5.2

E53

E54

E.55

E.5.6

Repetition rate will depend upon the water depth, since there should be sufficient time
between pulses to display the seabed return. Table 15 tabulates the dong track sampling
interva in centimetres for various repetition rates, assuming a vessd speed of 2 metres per
second (3.9 knots).

Repetition Rate (Hz) Range (m) Along track Sampling Interval (cm)
10 75 20
5 150 40
25 300 80
05 1500 400

Table 15 : Along track echo sounder sampling interval for various repetition rates and

ranges (vessel speed of 2 ms?).
Due to beam width effects, even with low repetition rates it is very unlikely that the seabed
will be undersampled unless the vessd is surveying a high speed.

Operating frequency aso controls resolution, since the sharpness of the pulse, and
therefore the ability to recognise precisely the time of the seabed return, will depend upon
it.

Range

The range (maximum water depth) in which an echo sounder can operate is controlled by
ggnd leve, 9gnd-to-noise ratio and frequency of operation. Low frequency sgnds are
required for deep water operations, but this will reduce resolution due to increased pulse
length and beam width.

Chart Recorders

Data is generdly recorded on dectrosenstive or therma paper. The important
characterigtics of the recorder for echo sounder data are repetition rate, sweep speed and
rate of paper advance. The recorders should permit display of the data at a scale which
alows the resolution of the data to be exploited.

Digital Recording

Digitd recording of dpth is commonly employed. Andogue signds are converted to
binary form and displayed, and should then be recorded on Computer Compatible Media
(CCM). Resolution of the data will then depend upon the sampling interval employed for
analogue to digital converson and the ability of the recorder to respond to the repetition
rate of the echo sounder.

Heave Compensators

For precise measurements of seabed depth, heave compensation systems are required.
Heave compensation may be applied on-line or during post processing of the data. If
applied on-line, raw echo sounder data should aso be recorded.

Calibration

Careful cdibration of echo sounders should be undertaken for index error, transducer
draught and speed of sound through the water.
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E.6

Marine M agnetometers

These systems are required for the detection of ferromagnetic objects on or near the
seabed. A search of the redevant Admirdty charts and Operator records should be
undertaken to decide upon the need for a magnetometer survey. Of particular interest are
objects which would be dangerous to rig ingtdlation and subsequent drilling operations,
which may not be identified by the other survey sensors e.g. abandoned ordnance, buried
wrecks, power cables, telephone cables, etc.

The sensor should be towed at a distance from the vessdl such that the vessdl will not
produce eectromagnetic interference on the magnetometer records. A generaly accepted
rule is that the sensor should be towed astern of the vessd with a separation of at least
three times the vessel length. In addition the sensor should be towed close to the seabed,
preferably at a constant height just above the seabed as the distance of the sensor from
the object, controls the amplitude of the magnetic anomaly recorded. For example, to
detect a buried telephone cable, the sensor should be towed within 3metres of the
seabed, perpendicular to the cable. As a ‘rule of thumb’, for objects with a finite length,
such as wrecks, the amplitude of the anomay varies inversaly as the cube of the distance.
For objects with infinite length compared to their diameter, such as pipdines, the
amplitude of the anomay variesinversdy as the square of the distance.

The important characteristics of a magnetometer are the sampling rate and the sensitivity.

Typicd sampling rates should be in the order of 1 per second. At a survey speed of

2 metres per second this provides a resolution of 2metres. For the detection of small

objects such as cables, dower survey speeds are therefore required. This may require the
vess to drift with prevailing winds and currents.

Senditivity should be better than 1 gamma (nanoTeda) to ensure detection of smdl
anomdlies againgt background magnetic effects. The display system, whether on a hard
copy strip chart recorder or as a computer generated graphical display should aso be
cgpable of discriminating to this resolution.

Table 17 and Figure 16 show the typicad maximum anomaies which can be expected
from various objects, depending on their distance from the magnetometer sensor.

Object Near Distance Far Distance
Background Noise 10 gamma
Ship (1000 TONS) 300 - 700 gamma (30m) 0.3- 0.7 gamma (300m)
Pipeline (12 inch diameter) 50 - 200 gamma (8m) 12 - 50 gamma (24m)
Wellhead and Casing 200 - 500 gamma (15m) 2 - 5 gamma (150m)
Telephone Cable 100 gamma (3m) 0.1 gamma (30m)

Table 17 : Typical maximum magnetic anomalies of common objects (adapted from * Applications
Manual for Portable Magnetometers’, S Breiner).
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E.7 Resstivity

Seabed residtivity can be used for prediction of soil laterd varigbility but the surveys are
much dower to acquire than acoudtic surveys. Although the level of detail provided by
such data is more gppropriate for engineering geophysica surveys, acquisition of these
data could be congdered for areas where shalow soils variations will impact sgnificantly
onrig ingdlation.

Seabed residtivity surveys can detect a Smilar range of objects as marine magnetometer
urveys. Resdtivity surveys could be consdered for specific rig Ste surveys where
identification of objectsis of importance. These data will give the opportunity to image in
3D the location, size and shape of the object.

E.8  Seabed Sampling and In Situ M easurements
Seabed sampling for calibration of the geophysica data should be undertaken.

It is recommended that gravity core and/or grab sampling is undertaken as a minimum.
The number of coring locations and their desired position should be selected from the
survey data. Core samples should be treated with care to minimise disturbance. Samples
should be sedled into their liners using wax, clearly labeled and then stored in a vertica

position.

Seabed sampling to obtain samples for jack-up leg penetration sudiesis consdered to be
outsde the scope of these procedures. This is covered by the guidelines referred to in
Section A5, A.6 and A.7. However, it is possible to deploy lightweight PCPT/CPT

systems and vibrocorers from some survey vessas. These systems provide suitable data
for andyss of geotechnica characterigtics of shdlow soils but have limited sub-seabed
penetration. In the case of vibrocores, samples can be very disturbed and geotechnical

characterigtics of the core may not be representative of in-situ conditions.

A wide variety of sysems for seabed sampling are available. The systems can be
characterised by their depth of sub-seabed penetration and degree of sample disturbance.
These technical notes cover geophysicd and hydrographic aspects of rig Ste surveys.

Discussions on seabed sampling are therefore confined to systems which can be deployed
from the vessels undertaking these surveys. Seabed sampling in this context is usudly only
undertaken for cdibration of the seabed and shadlow geophysicd data to improve the
reigbility of the interpretation. It is generdly limited to a maximum of 6 metres sub- seabed
penetration.

For semi-submergble rigs such limited sampling may be adequate for interpreting
anchoring conditions. However, Specidist advice should be taken on the suitability of the
data. For jack-uprigs, it islikey that additiond geotechnica datawill be required. Thisis
covered by the guidancereferred to in Section A.2.1, A.2.2, A.2.7 and A.2.8.

The systems used for rig Site surveys can be divided into four categories:

() Grabsamplers.

(i)  Gravity and piston corers.

(i)  Vibrocorers.

(v) PCPT and CPT systems.

Basic characterigtics of the systems are discussed below.
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ES8.1

E.8.2

E.83

E.84

Grab Samplers

Grab samplers provide highly disturbed seabed samples. Although of limited value, they
can sometimes be useful for obtaining samples of coarse sands or gravels which are
difficult to core with gravity corers. They are, however, occasondly the only method by
which some seabed data can be obtained without resorting to more expensive systems
such asthosein E.8.3 and E.8.4, below.

Gravity and Piston Corers

These systems are chegp and do not require heavy lift cgpability. Penetration is usudly
less than 50 centimetres unless soils are soft. Sample disturbance is high. They are very
useful for providing basic soils datato assst shdlow geophysica interpretation.
There are various designs of gravity corer. Important characteristics which need to be
incorporated in the design in order to ensure maximum penetration and sample retention
are
A hydrodynamic design to ensure vertica entry of the gravity corer into the seabed
after free-fal.
One way core retention devices and top-vadve sysems to ensure maximum
retention in avariety of soil types.
A low ratio of maximum annular core cutter and barrel cross-sectiond area to the
cross-sectiona area defined by the minimum ingde diameter of these components.
The avallability of asdection of core cuttersto suit different soil conditions.
: A varigble weight system to suit different soil conditions.
Piston corers are difficult to use and are only suitable for soft clays. This precludes their
use throughout much of the UKCS. However, the use of piston corers may increase in the
soft clays which prevall in the degp waters of the Atlantic Margins.
Vibrocorers
These systems require the vessdl to remain on station by means of anchors or thrusters.

Maximum penetration is 6metres but sample disturbance is high. They are ussful for
providing soils data to assst geophysical interpretation, but may aso provide samples
suitable for basic geotechnica anayss.

The use of a vibrocorer with in-built penetration indicator and in Situ retraction of the core
barrd before lifting the device off the seabed, improves the qudity of the vibrocore
samples.

Piezocone Penetrometer Test (PCPT) and Cone Penetrometer (CPT) systems

PCPTs are preferred as they dso supply pore pressure measurements. Some of these
systems require a heavy lift capability but light weight sysems are now avalable. The
vessel should dso be able to remain on station by means of anchors or thrusters.
Penetration is generaly good. Seeve and point resistance's on the cone are measured, in
conjunction with pore pressures. From these measurements, information can be obtained
on soil lithologies, and an empirical estimate of ether the in Stu shear strength of clays or
the relative dendty of sands can be made. The results are therefore useful for providing
very good in Stu data on soil properties and aso soils data to assst geophysical
interpretation. However, if sampling of the seabed is of importance for geologicd input on
soils, PCPTs or CPTs should be supplemented with cores.

Guiddinesfor the Conduct of Mobile Drilling Rig Site Surveys- VOLUME 2 u ﬁﬁﬁ

April 1997
Issue No 1

69



E.9

EO1

E.O.2

E.93

Positioning
A auitable positioning system should be chosen to provide the precision required for the

survey. For rig Ste surveys, the requirements for precison are dictated primarily by the
ability to recover a postion repeatedly, and the ability to run straight linesin aregular grid.

Differential Global Positioning Systems (DGPS)

DGPS potentialy enables users to fix ther horizonta and vertica podtion continuoudy
and in near red time to better than five metres, provided that certain conditions are
fulfilled. For further information and guidance please refer to the Guiddines for the Use of
Differential GPSin Offshore Surveying (Section A.2.4.).

The variety of sysems available to cover the UKCS (and many systems aso offer
coverage world-wide) apply different techniques for cdculaing the Differentid
Corrections and relaying them to users. Differentia Corrections can be taken from one or
more Reference Stations. The Differentia Corrections can ether dl be received by the
user and used in the pogtion cdculation, or be recelved a a centra location and
reworked into one set of Corrections before being sent to users. Differential Corrections
can be sent by communication satdllite (Inmarsat or Eutelsat), by radiolink or as add-on to
exiging radio positioning frequencies (PulseLink via Pulse/8 sgnds).

Radio Positioning

Radio postioning systems can be characterised according to frequency of operation,
method of sgnd transmisson and their pattern geometry. As a generd rule the lower the
frequency the longer the range, the less the precison and the higher the cogt.

For further details on the operating principles of Radio Postioning Systems refer to
Section |, Reference Bibliography.

Underwater Acoustic Positioning

Underwater acoudtic podtioning is the most common method of postioning towed
sensors. For rig Site survey work vessel mounted systems are required.  These can be
divided into two main categories.

E.03.1 Ultra Short Basdline (USBL) Systems

These systems may aso sometimes be referred to as Super Short Basdline
(SSBL) sysems and are commonly fitted to rig Ste survey vesss.
Manufacturers quoted precison for such systems is typicaly +/- 1% of the
range but this deteriorates with very long ranges.

These systems use a single, hull mounted, multi-element, transducer. They
utilise acoudtic ranging and phase comparison techniques to measure range
and bearing to a responder, or transponder, attached to the towed sensor.
Transducers may be fixed or tracking. The tracking transducer offers
improved performance at longer offset distances.

Maximum range is frequency dependent and aso limited by ambient noise
levels. Itisnormally in the order of 1000 metres which is adequate for most
operations on UKCS. High power trangponders are available which can
more than double this range for degp water surveys which require longer
sensor lay-backs.

USBL systems should be compensated for the vessdl’s pitch and roll and
require a Motion Reference Unit (MRU) ingtalled as close as possible to the
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transducer head. They aso require input of vessdls heading from a
cdibraed gyro compass. Cdibration of these sysems is of prime
importance for the precison of the measurements.

USBL systems are, inherently, without redundancy in the measurements,
making qudity contral difficult. The main sources of error are incorrect initid
bearing, arising from gyro compass and transducer adignment errors, and
ranging erors aisng from unpredictable acoudic propagation in an
inhomogeneous water column.

E.9.3.2 Short Basdline (SBL) Systems

These systems are commonly used for exploration seismic surveys but
are rady avalable on rig Ste survey vessds. They use three or four
transducers mounted on the vessd hull, or occasondly suspended
from booms, and utilise acoudtic ranges to develop a network by
norma survey techniques.

Maximum range is limited by ambient noise levels It isnormdly in the
order of 2000 metres.

The systems should be compensated for the vessdl’s pitch and roll

and require a MRU to be ingtdled as close to the vessd centre of

gravity as possible. They dso require input of vessels heading from a
cdibrated gyro compass. Cdlibration of these systems is of prime
importance for the accuracy of the measurements.

The precison of the system is largely a function of the separation of
the ship-borne transducers. Transducer positions should be measured
in dry dock when they are fitted to the hull. Other main sources of
eror are incorrect initial bearing, arisng from gyro compass error,
and ranging errors arisng from unpredictable acoudtic propagation in
an inhomogeneous water column.

SBL systems dlow for redundancy in the measurements, meeting the
basic requirements for podtioning qudity control. The systems are
very effective for tracking sensors close to a vessd with precison in
the order of 2-3 metres. However, without independent checks (e.g.
GPS tail-buoy tracking) to adjust scding errors, precison decays

rgpidly with range.
Typicd frequencies and ranges are listed below:-
Band width Maximum Range
MF 18- 36 kHz 2 km.
HF 32-64kHz > 1km.
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Section F - Data Processing

F.1
F.11

F.1.2

F.1.3

Multi-Channel Seismic Data

General

Careful quality control of processing should be maintained throughout a project as poor
processng can degrade seismic data. Involvement of a seismic processng Specididt is
recommended.

Operationa condtraints may require data to be processed with a very short turnaround.
This should be avoided wherever possible.

Previous projects undertaken in the area should be reviewed to see what problems were
encountered in processing, which processes were successful, and which processes failed.
Supply of Information to the Processing Centre

The Operator should ensure that the processing centre is fully briefed on the project’s

ams. The processng centre should be aware of features of particular interest, eg.
channdls, faulting or critica hazard leves.

The following data should be supplied to the processing centre before the start of the
processing:-
An exploration ssismic profile which passes through the well location. If the degper
data is confidentid, the sesmic profile can be cut off a a shdlow time leve,
e.g. 1500 milliseconds TWTT. Velocity data should be provided to assist in analyss
of velocity trends.
Examples of previous Site survey seismic data from the same, or an adjacent area.
An example of the single channe sub-bottom profiler data acquired in the survey.
This can be useful in distinguishing red events from processing artefects in the top
30-40 metres sub-seabed.
The results of any velocity cdibration surveys from nearby wells.
Acquigtion parameters.
Saigmic shot point chart and Post Plot Positioning Data on tape (UKOOA P1/90
format).
Far field sgnature of the seismic source in use.
Quiality Control
All processing should be subjected to rigorous Quality Control (QC).
Unless a detailed processing strategy is specified by the Operator, the processing centre
should be expected to show its own initiative in the suggestion of processes to be gpplied

to the data All processes that are agpplied should be judifiable. This should be
demongtrated by the supply of relevant test panels.

The following types of generd QC digplay are recommended (excluding parameter
testing)-
Display of near streamer group for each shot, on each line. Thiswill check for timing
errors and source degradation.

Display of a least one shot (al traces) every 50 shots, on each line. Thiswill check
for dead, noisy, or reversed polarity traces.

A "brute" stack section usng a single velocity function. This will check generd deta
qudlity.
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F.14

Ve ocity andyses from each line. This will ensure that the correct velocity trend has
been picked.

| so-velocity digplays for each line, to check for velocity anomalies.

NMO corrected gethers, displayed a each veocity andyss location. This will
check velocity corrections have been properly applied.

Disilay of each line with pre-stack processing gpplied. This is another type of
velocity check, aswell as being atool for the QC of pre-stack processing.

Display of the migrated data (if rdevant) for each line. This will check that an
acceptable output from migration has been achieved.

Electrogtatic display of the fina processed deta (in scaled and relative amplitude
form) for each line. This will check the acceptability of find processng qudity and
diglay.

Dyeline print of film (if required) displays for each line. This will check for the
acceptability of presentation quality, plot direction, polarity, line intersections, sde
label etc.

The above displays are to check for errors in data acquisition and the correct application
of chosen processing parameters. With the exception of veocity analyses, this list does
not include any parameter test displays.

Parameter Testing

Parameter testing should be applied on data that is representative of the whole dataset. If
conditions differ widely across the survey area then the use of two, or more, test aress
should be considered.

The application of different processesis described in Section F.1.5.

To determine which processes need to be applied to the data, the following processes
should be tested as a minimum:

Desgnature

Gain recovery

Deconvolution Before Stack (DBS)

Mute (outer and inner)

Deconvolution After Stack (DAS)

Time variant filter

Bdance/scding

Display trids (bias, polarity, dua polarity etc.)

Additiona processes which should be considered include:

Demultiple

Dip Moveout (DMO)

Stack parameter tests

Zero phase converson

Time migration

Post-stack noise attenuation (FK dip filter)

The number and type of parameter variations to goply within each test levedl should be
agreed prior to starting the testing.
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F.15

In choosng processng parameters, an open mind should be maintained. It is quite
possble that data from adjoining locations, shot with smilar acquisition parameters, will
respond in a very different way in processng due to variations n geology. A set of
processing parameters should not be applied purely on the basis of thelr success on a
previous project. Changes in noise levels, streamer tow depths, source characteristics
efc., may have an impact on the effectiveness of a previoudy successful processing
sequence.

Processing Techniques

This section briefly describes the processing techniques named in Section F.1.4 above.
The discussion includes benefits to be gained from the techniques as wdll as problems that
may be generated by their gpplication. The techniques are discussed in the order in which
they should be gpplied. If any particular technique is not required it can Smply be omitted
without affecting the order in which the remaining processes are gpplied.

At the end of each section, a reference is given for the process, providing specific
technical background should further detall be required. For genera reference to
processing techniques, Yilmaz (1987) and Hatton, Worthington and Makin (1986) are
recommended.

F.15.1 Designature

A dedgnaure operator which converts the outgoing (far fidd) source
ggnature to its minimum phase equivaent should be applied. The frequency
goectrum should be left undtered. Although the mgority of sources
available in the UKCS provide minimum phase, repeatable sgnatures,
goplication of dedgnature will benefit the data Desgnature should be
applied to dl watergun data.

The operator should be designed using the far fidd source sgnature,
recorded in the fidd on an auxiliay channd. If, due to operationa
circumgtances, this was not recorded, a library source signature should be
used, or an operator extracted from the seabed return.

Correct gpplication of the process should improve the vertica resolution by
the compression of the pulse. In addition, subsequent deconvolution should
be improved as these processes assume data to be minimum phase.

F.1.5.2 Gain Recovery/Amplitude Manipulation

Corrections for spherical spreading and absorption have to be applied to
the data. Thisis a critical process as a greet dedl of the later interpretation
effort is based purdly on aconsderation of reflection amplitude. If amplitude
manipulation is handled cardlessy, an anomay can be either created or
hidden. The presarvation of relative amplitude relationships should therefore
be addressed throughout processing.

Traditiondly, gain recovery was the first step in processing, usng either a
linear gain, or a spherica spreading compensation function of the form TVV
(whereV isthe RMS velocity a time T). The use of the TVV gpproach is
recommended. It is more likely to provide more consstent results than a
“hand-picked” gain recovery function, and will alow easer comparison
between datasets.
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F.1.5.3

It is recommended tha the application of gain recovery is undertaken
post-stack in the processng sequence. However, some pre-stack
processes, such as deconvolution, benefit from the input trace amplitudes
being baanced beforehand. In such cases the amplitude manipulation should
be of a type that can be accurady backed off &fter the intermediate
process has been gpplied. This will then leave the origind amplitude
relaionships unaffected. A Imple exponentia gain function is commonly
used.

Automatic Gain Control (AGC) techniques should be used with care. They
should only be used as a last step before production of an equalised or
scaed display (see Section F.1.5.14 below). However, techniques are
available for gpplication of removable AGC processes. These could be
used as treatment of data prior to some pre-stack processes. Such
techniques should be used with extireme caution, ensuring that scalars are
removed correctly.

With noisy data there may be the temptation to apply along gate AGC pre-
gack to attenuate high noise amplitudes from entering the stack. Thisis not
advised asred reflection amplitude relationships will be adversely affected.

Ref: Hatton, Worthington and Makin (1986).
FK Demultiple

FK demultiple techniques should be considered in deep water areas where
long period multiple trains cannot be adequately removed by use of
predictive deconvolution techniques done. The technique can dso be used
successfully on any dataset where there is adequate differentia between
primary and multiple Sgnd energy in the FK domain.

The technique will not remove the multiple on the inner, short offset traces,
where the multiples are more horizontal and harder to split from the
primaries in the FK domain. In these cases an inner trace mute is often
applied.

Great care should be taken in the definition of the rgject zone for the FK
filter. If a multiple remans, the effect of predictive deconvolution in
removing the remaining multiples should be evduated. If thisis unsuccessul,
acarefully chosen inner trace mute should be evauated.

Prior to use of FK demultiple, a prdiminary evduation of veocities should
be made to edtablish the multiple velocity trend. Finad velocity analyses
should be performed on data that has been output from FK demultiple.

Ref: Peardon L.G. (1986).
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F.154

F.1.55

Partial Pre-Stack Migration or Dip Move Out (DMO)

Although rarely used in Ste surveys the technique can be useful. The most
obvious case would be in a heavily faulted data set, such as over a digpir,
where fault definition may be enhanced. In fact, wherever conflicting dips
exis a benefit may be gained from this process. DMO dso has other

beneficid effects including improvement of cross-line ties, atenuation of

steeply dipping coherent noise, and enhanced velocity andyss.

The disadvantages of DMO are the extra time and cost the process incurs.
Careful ingpection of previous datasets or the shalow section of the
exploration ssismic data should indicate whether a test of the process is
required before a project is commenced.

Ref: Deregowski SM. (1986).

Velocity Analysis

Accurate and gpdidly frequent velocity andyss is necessary for
preservation of the data, particularly high frequencies, through CMP stack.
If incorrectly performed, the velocity correction gpplied prior to stack will

result in adegradation of resolution. In the extreme case a seiamic reflection
may disappear completely.

An accurate velocity modd is dso required as an input to migration. The
veocity modd is normdly a smoothed stacking velocity function.

Time-depth converson is often based on RMS stacking velocities or Dix
interval velocities, derived from the RMS veocities. Incorrect velocity
anayses can result in errorsin depth estimation to levels of interest.
he interva a which velocity andyses are spaced is important. In a smilar
way to sampling theory for the seismic trace, a velocity anomay will not be
properly resolved unless it is correctly sampled. Theoreticdly, this could
imply that velocity andyss spacing should be as close as 50 metres. In
practice, a compromise of a 500 metre spacing between veocity andyss
points is recommended. Extra velocity andyses may il be required to
sample amdl velocity anomdies and sgnificant changesin geology.
The main velocity analyss techniques are-
Congant or Velocity Function Gather: This technique is particularly
good in the shdlow section, where moveout is large and the
dgna-to-noise ratio is good.
Congat Vdocity or Vdocity Function Stack: The technique is
complimentary to the gather verson as it helps to define velocities at
ub-seabed depths where the Signal-to-noise ratio on the gather is poor.

Contoured Coherency or Semblance Plot: Numeroustypesexis. All of
them are fast to produce and are low cost. These analyses are not truly
continuous in time or velocity as time gates and velocity steps are
specified. The larger these parameters are made, the coarser the
sampling and the less accurate the result. Interpretation of the datais of
a purdy daigtical form and therefore divorced from the red data's
gppearance. it is important therefore, that use of this type of analyssis
closaly supported by comparison to the “red data’ being analysed.
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F.1.5.6

F.15.7

F.1.5.8

F.1.5.9

The recommended most useful type of display is a combined display which,
for each analysis location, displays gather, stack and semblance plots. The
disadvantage occurs in terms of longer processing time and, therefore, cost.
Workgtations can be used for interactive velocity andyss. Continuous,
autometic, event-following velocity andyses are available on workdtetions,
which may improve both the quaity and speed of andyses.

Ref: Cordier J-P (1985).

Deconvolution Before Stack (DBS)

This is applied to further atenuate unwanted source sgnature effects,
reverberations and multiples. An offset dependent DBS should be applied.

Pure spiking deconvolution operators should be treated with caution.
Ref: Ziolkowski A. (1984).

Mute

Outer trace mutes are required to preserve vertica resolution. As discussed
in Section B.5, sgnd dretch on the far offset will degrade vertica resolution
if dlowed to enter the CMP stack in the shallow section. Data on traces
beyond a certain offset should, therefore, be omitted from the stack by
muting.

Inner trace mutes may be useful for multiple suppression. However, they
remove those traces with the greatest vertical resolution (see Section C.5).
If used, they should be gpplied to as few traces as possible.

The mute should be chosen with care. A mute test where increasing
numbers of traces are included in a stacked section of data is recommended
to back up direct inspection of an NMO corrected CMP gather.

CMP Stack

The CMP stack is the most significant process in the processing sequence
for improving the Sgnd-to-noise ratio in a dataset. Its gpplication should be
handled carefully. Stack should not be looked on as a unique process.
There are anumber of dightly different agorithms for normaisation, scaling
and the way in which muting is compensated for. In addition, other types of
dack such as weighted and median stack are common. The type of
agorithm in use should be checked.

Offset weighted stacks are not recommended as they help to stack out
multiples but will dso degrade vertica resolution. Close comparison of
results from norma and weighted stack sections should be made before
adopting a weighted stack. The effect of deconvolution after stack and FK
demultiple for attenuating multiples should be assessed firdt.

Ref: Hatton, Worthington and Makin (1986).

Deconvolution After Stack (DAS)

Predictive deconvolution after stack is normaly performed to remove
seabed and other multiple effects. The process can aso be applied with the
am of improving vertica resolution by compressing the Sgnd waveet.

A common guide for choice of deconvolution operator length is to choose

an operator length equa to 1.3 times the water depth in milliseconds. For
efficient removd of multiples the desgn window should then be
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F.1.5.10

F.1.5.11

approximately ten times the operator length. In deep water areas thiswill be
difficult, given the short record lengths in use. In these cases, the use of
other demultiple techniques should be consdered (see Section F.1.5.3).

Deconvolution is a process which works on the assumption that the sgnd
wavelet in the data is minimum phase. It should, therefore, be applied prior
to zero phasing.

Ref: Ziolkowski A. (1984).

Time Migration

Migration, correctly applied, improves laterd resolution by either collgpsing
diffractions to the zero offset origin, or collapsing the Fresnd zones. It can
be beneficid for plane layered data as well as dipping data. Consideration
should be given to migrating the centre and tidines on dl gtes asaminimum.

There are numerous migration adgorithms. In congdering the choice of
migration agorithm the effects of spatid variation of the veocity fidd and
geologica dip should be considered.

A veocity modd for the data should be supplied as input to migration. FK
migration techniques, athough fast, cannot adequately handle a laterdly
changing velocity field. These should therefore be avoided if there are laterd
velocity changes caused by, for example: channds, gas anomaies or mgjor
sructurd changes.

Finite Difference methods can handle a laterdly changing velocity fied, but
they do not perform well on steep dips. They are, however, to be preferred
over FK techniques.

Kirchoff based dgorithms can handle steep dips but not laterdly varying
veocities. Kirchoff migration should be consdered where steep faults and
channd flanks require correct imaging.

Most migration dgorithms are dip limited, as they can only correctly image
dips up to a specific limit. In most cases such extremes will not be met in
dte survey work. However, it is possible that channel flank reflections, or
reflections overlying shdlow digpirs, may exceed dip limitations. The dip
limit of the dgorithm in use should be known to check its gpplicability.
Depth Migration is not required for rig Ste survey work.

Ref: Berkhout A.J. (1984).

Post Stack Coherent Noise Attenuation (FK Dip Filter)

The dip filter process removes unwanted coherent noise trains from the
section. The process applies a cross trace filter which can adversdly effect
latera resolution.

Specified dip limits in the desgn should be chosen carefully with regard to
geologica dructure and diffractions. Channel edges and similar steep dips
should be measured and reflection limits chosen to ensure true dips are
passed.

In design of the dip filter, the number of traces and samples included should
be minimised, to avoid unnecessary smearing of the data. The dip filter
design should not be frequency limited.
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F.1.5.12

Processes which alow a feedback percentage of the origina trace are
preferred, as smearing will be reduced.

If DMO has been gpplied, a mild inner trace mute may attenuate much of
the undesired dipping noise in the section, negating the need for adip filter.

The dip filter process should be applied with care. In particular, the process
should not be placed before migration in the processing sequence.

Ref: Peardon L.G. (1987).
Zero Phasing

The zero phase dgnd wavelet has the shortest duration and largest
amplitude for a given amplitude spectrum. The zero phase wavelet increases
the ability to digtinguish an event againgt background noise and enhances
resolution. Polarity reversas of seismic reflections are dso more eesly
observed.

Zero phasing of a dataset can be achieved by either Satistica means, usng
a mult-window desgn, or deeminigicdly by extracting an
“uncontaminated” waveet from the data and converting it to its zero phase
equivalent.

With Ste survey data, it is norma practice to extract a wavelet from the
seabed event for design of a zero phasing operator. In interpretation of data
processed in this way, careful thought should be given to the possble
dteration of wavelet shgpe with depth.

If adataset is to be loaded to a workstation, it is advantageous to convert
the data to zero phase. There are two reasons for this. Firgly, automatic
event picking dgorithms follow amplitude pesks more easlly, and with less
error, than zero crossings. Secondly, peak reflection amplitude can then be
directly extracted, dlowing amplitude mapsto be built automatically.

Ref: Kallweit and Wood (1982).
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F.1.5.13

F.1.5.14

TimeVariant Filter (TVF)

For optimum resolution the sgna-to-noise ratio should be maximised. Time
varian filtering atenuates unwanted frequencies across the section and will

therefore improve the signa-to-noise ratio. Resolution is aso dependent on
maintaining a broad 9gnd band width and a high peak frequency.

Time variant filtering is a zero phase process and should therefore be
applied after zero phasng.

Resolution requirements should therefore be considered when choosing
frequency cut-offs. The design of the TVF may therefore be a compromise
if gna and noise energy of the same frequency is present.

For migration, certain noise frequencies may reguire excluson. However, in
generd, the full band width should be maintained through migration.

Ref: Berkhout A.J. (1982).

Balance and Scaling

As afind gtep to presentation of an equdised or scaled section, a diding
gate Automatic Gain Control (AGC) is applied to the data. An AGC gate
length in the order of 100 - 250 milliseconds is normaly applied.

Asdiscussed in Section F.1.5.2, choice of scde and balance parametersis
very subjective. In generd, the heavier the balance and shorter the AGC
gae agpplied, the more monochrome the section will appear. It is
recommended that this is avoided, and that an overdl decay in amplitude
with depth is maintained.

AGC's can introduce a low amplitude shadow effect above and below a
grong reflection or anomaly. The process can be stabilised ether by an
iterative gpproach, or by usng a percentage feedback of the origind trace.

It is important that AGC processes are not gpplied to data before
presentation in relative amplitude form ether for paper display, or SEGY
outputs for workstations.

Ref: Hatton, Worthington and Makin (1986).

F.16  DataPresentation
Until recently, rig dte survey interpretation has been limited to the use of the black and
white, Sngle polarity, paper section. With the increased use of workstations there is now a
move away from this. The following display parameters and methods should be
considered.
F.1.6.1 Plot Scalesand Plotting Standards
Plot scales are subject to the Operator’ s preference. When selecting display
scales, the features to be interpreted should be considered. Compressed
horizontal scdes can be useful for determining structure, whilst expanded
verticd displays can be useful for detalled interpretation of a particular
interval. The flexibility of the interpretation workstation in terms of dteration
of digplay scdesis, therefore, extremely significant.
Verticd scdes are usudly determined by record length and the frequency
content of the data. Either 20 centimetres per second or 30 centimetres per
second are recommended.
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F.1.6.2

F.1.6.3

Horizontal scales are normaly dependent on CMP spacing and 1:5,000 or
1:10,000 are recommended.

Colour plots should preferably be produced on a high resolution,
electrogatic plotter. Ink-jet plotters, which are much used, are of poorer
resolution and are very limited in the Sze of plot they can produce.

Relative Amplitude and Equalised Displays

These two types of diglay are the traditiond basis for rig dte survey
interpretation. These are normally plotted in variable areawiggle form.

The relative amplitude, low gain or unscaled section is prepared by plotting
the data with a low gan levd, eg. 12dB down on normd. Laterd
amplitude variations along a reflection can then be interpreted.

The equalised, scaed, or high gain section is the section plotted with AGC
goplied a the standard amplitude level. These sections are used for
dructurd interpretation.

Dud polarity displays are commonly used in presentation of exploration
data but are also gpplicable to rig Site survey data. These can be plotted in
colour but are normaly plotted in black, grey and white tones for ease of
copying. Dud polarity display of relative amplitude and equdised amplitude
can be useful.

Colour Displays

average The use of colour for the coding of trace attributes is becoming
common through the increased use of interpretation workstations. The
problem with the presentation of full scae colour seigmic is in plotting and
copying.

Attribute displays are recommended for the andysis of key portions of data,
such as a a proposed location, or over specific features.

There are a number of different types of colour display that are of use for
the interpretation of rig Ste survey data. These are discussed below:-

Colour Coded Amplitude: This is a reaive amplitude section with the
varidble areafill, colour coded in relation to amplitude strength. This type of
plot provides a greater dynamic range in amplitude definition than the use of
agandard black fill section.

I nstantaneous Amplitude: (Amplitude Envelope): Thisis derived from the
Hilbert trandform of a trace. Amplitude is presented irrespective of phase,
and the total amplitude of the sgna wavelet (envelope) is displayed. This
type of information is usudly presented in adud attribute display. Normaly,
a colour coded contoured amplitude display has the origina seismic wiggle
trace overlaid upon it. This dlows the amplitude information to be directly
related to the red data This type of display is particularly useful for gas
hazard andyss.

I nstantaneous Phase: Sometimes described as a continuity plat, it is the
angle between the trace and its Hilbert transform & a given time and is an
amplitude independent estimate of the trace. The data can be plotted ether
done, usng a colour paette defined by Taner, Koehler and Sheriff
(1979), or in adud attribute display. Ingantaneous phase is useful because
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F.1.6.4

it often enhances wesk events not evident on conventiona displays. Thisis
paticulaly hdpful in the definition of geologica discontinuities, pinchouts,
angularities and events with different dip which interfere with each other. As
a rexult the plots are dso ussful in identifying tuning effects and phase
reversals.

Similar results to ingtantaneous phase can be achieved by applying avery
short gate AGC, e.g. 12 milliseconds, to the data.

Instantaneous and  Weighted Average Frequency: A
sample-by-sample measure of the frequency in the trace and is equivaent to
the time derivative of the trace. Instantaneous frequency, plotted in colour,
isuseful for identifying low frequency shadow zones that may occur below a
gas accumulation due to high frequency attenuation. However, the
usefulness of this plot is severely dependant on the choice of frequency

band width of the paette for colour representation of the frequency data, as
wdl as the sgnd-to-noise ratio in the data. Due to the latter the weighted
frequency plot can be used to make the plot more robust.

Amplitude Versus Offset (AVO) Displays

The use of AVO andysds for the identification of gas charged sandsis being
increasingly gpplied. However, for rig Ste surveys there are limitations to the
use of AVO (Section B.7.1.2). A number of specid AVO displays are
avalable. All of the AVO displays described here can be plotted in ether
traditiond black and white, variable area wiggle trace form, dua polarity or
colour.

The smplest form of data presentation for AVO anadyss are NMO
corrected gathers over, and adjacent to, a feature of interest. Plot scales
should be chosen carefully in conjunction with the chosen plot gain. Trace
gpacing should be such that adjacent traces do not overlap so that the full
amplitude can be viewed. Smilarly, al wavelet perturbations should be
visble, so the vertical scale should not over compress the data. The
amplicity of this gpproach makes it more robugt than the displays described
below. It is a recommended gpproach, and should adways be used to
support any other display type.

Other AVO displays include zero offset amplitude and absolute amplitude
gradient sections. The accuracy of these plots is highly dependant on
veocity analyss and careful amplitude scaling. If these digplays are used,
they should be supported by conventional section displays and the NMO
corrected gathers described above.
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F.2

F.2.1

F.2.2

F.2.3

F.1.6.5 Tape Output

Tape output in the form of SEG Y concatenations of CMP stacked data are
of use both as a means of data storage, and for loading data to
interpretation workstations. AGC should not be applied to the data.

Some Operators have specia formatting requirements for SEG Y regarding
the order and form of data for incluson in trace headers. The Operator
should clearly state which processes are to be applied to the data prior to
tape output. The processing centre should be informed clearly of any specid
requirements which the individua Operator may have regarding the SEG Y
format.

Some workgtations require pre-scaling of amplitudes prior to the data being
loaded. This is most easly performed by the processing centre prior to
output of the tape. Any such requirements should be clearly Stated.

Single Channel Seismic Data

The objectives of processing sngle channd data include amplitude manipulation,
improvement of sgnd to noise ratio and remova of wave or tow depth effects on the
data. Suppresson of multiple events is aso of importance and techniques for this are
under development.

Processing of single channd data is usualy carried out on line. It should be undertaken
with great care therefore, or the seismic data may have to be reshot. Anaogue tape
recording of raw, unprocessed data permits replay with different processing parameters,
avoiding the need for reshooting data. When deciding upon processing parameters, care
should be taken to dter only one varidble a a time  the effect on the data can be
assessed.

Amplitude Manipulation

Corrections to the data are required to compensate for attenuation of signas due to
geometric spreading, absorption and transmission |0sses.

TVG amplification is the usud method and can be very useful for data enhancement.
Systems are available which scale the data by means of adiding gate AGC.

Band Pass Filters

For optimum resolution, good sgna-to-noise ratio, a broad band width and a high
fundamenta frequency are required. When sdecting filters, these factors should be
consdered. Filter parameters should include as much as possible of the frequency range
of the desired events, whilst removing unwanted noise of other frequencies. The design of
the filter may be a compromise if sgna and noise energy of the same frequency is present.
As discussed in Section C.7, latera resolution will be degraded by low frequencies.
When choosing low cut filters, band width may have to be sacrificed as long as
degradation of vertical resolution is not gpparent.

With increased sub-seabed depth, low frequencies will be favoured and sgnd-to-noise
ratio will decrease. Different filter settings may therefore be required with increasing travel
time. For optimum data qudity atime variant band passfilter should therefore be used.
Swell Filters

Swell filters may be used to remove statics caused by wave action or swell. Although they
permit an increase in the operationa weather window, they should be used with care since
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Sgnd-to-noise ratio will aso degrade with poor wesather. Asthey utilise sgnal comparison
from adjacent traces, they may aso remove red variations in seabed topography e.g.
sand ripples, thereby distorting the data sub- seabed.

Heave/Depth Compensation

These systems are useful for systems towed below the sea-surface, to remove datics
caused by wave action, swel or tow-fish height adjustments. They are based upon
accelerometer or pressure transducer data.

Stacking

Stacking or averaging of a number of adjacert traces improves signal-to-noise ratio.
Degradation of laterd resolution may occur with such systems and they should be used
with care.

Deconvolution

Deconvolution is very useful for removing repestable events from the data such as
reverberations or multiples. Wavelet deconvolution further cleans up the section by
optimising the vertical resolution. Although deconvolution is not commonly undertaken on
single channel data, severd systems are being developed which may provide enhancement
of data in @rtan aress. In particular, deconvolution should be considered in areas of
shdlow water, where multiple reflections occur within the sub- seabed depth of interest.

Display

Single channd saiamic data are conventiondly displayed as andogue sgnds in black and
white form on dectrosengtive or therma paper. Positive or negative polarity, or full wave
can be diglayed. Alterndive display media are being developed incuding CRT
(monochrome and colour) and variable arealwiggle trace paper displays.

The vertical scale should dlow the resolution of the system to be displayed.
Positioning Data

Pogitioning data requires processing ortline to dlow the survey vessd to run dong the
required line pattern and for control of postion fix interval. Raw positioning data should
a0 be recorded to alow post- processing. Post-processing should remove spurious data,
correct errors (if any) and take advantage of smoothing techniques. It aso provides a
quality control check on the real-time acquistion and information on potential systemdtic
positioning biases.

Raw Positioning Data exchange should conform to UKOOA P2/94 format, and Post Plot
Positioning Datato UKOOA P1/90 format.

Care should be taken to ensure that all computed points (antenna, sensor) include the
correct offset.
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Echo Sounder / Swathe Sounding Data

Echo sounder data should be processed using heave compensator data to remove survey
vessel heave caused by wave action, or swel. The data should be processed to
incorporate the correct speed of sound in water and the transducer depth.

Data should be reduced to Lowest Agtronomica Tide (LAT) or Mean SeaLeve (MSL).
Tida corrections using predicted tides for the survey area can be used for initid data
reduction. In certain meteorologica conditions there may be a dgnificant difference
between predicted and observed tides. Unless measured tidal data is available from the
survey ares, tidd corrections should be computed from observed tidd eevations
messured at the nearest Standard Port, and extrapolated to the survey area using
congtants derived from Admirdty Co-tidal Charts.

If aswathe sounding system is used, consderation should be given to the basic processing
sequence outlined below:-

Navigation Post Processing

Raw Data

Application of tidal data, water column T/S based corrections, depth corrections,

and vessd related corrections (squat, rall, pitch, heading and heave)

Despiking

Fltering

Binning / Gridding

Contouring
: Motting
Careful condderation should be given to bin/grid size sdection. Bin/grid size should be
determined by the scale of the find charts, the seabed topography and the contour
interva. Bin/grid sze tests should be undertaken to ensure the bathymetry is accurately
presented.

Side Scan Sonar Data

The objectives of processing sonar data are amplitude manipulation and, if required, scale
digtortion removal. This processing is usudly carried out on line.

Amplitude manipulation is usudly by TVG amplification which may be operator sdectable
or automeatic.

Scale digtortion remova does not enhance data qudity but asssts in speed of data
interpretation and provides the ability to mosaic data sets if required. In some areas
(e.0. rippled seabeds) scale distortion remova may degrade data (Section E.4.4).
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Section G - Record And Sample Requirements

G.1 Geophysical Records

DTI PON 9, Section 2.3, defines the type and format of Site survey datato be provided:

Only If requested, the following data should be supplied within 30 days of the request.

"Site Survey Data

()  Onereproducible transparency of each final processed seismic section together with
areproducible trangparency of the shot point location map at a suitable scae.

(i)  Where acquired, copies of side scan sonar records with their track charts

(i)  1f available acopy of the fina interpretation report of the seabed/superficia deposits
investigation of drilling locations or ingdlation Stes.

These data comprise the detailed record of the survey and are not the results asked for by

PON 4 Section 7 concerning shalow gas."

G.2 Seabed Samples
Section 4.2 of PON 9 defines sample data to be supplied as
"Samples from the Sea bed
Portions of sea bed samples and/or cores from boreholes penetrating below the seabed if
acquired.”

The Petroleum (Production) Regulations 1976, Petroleum (Production) Regulations 1982
and Petroleum (Production) (Seaward Areas) Regulations 1988 dl require that samples
be correctly labelled and preserved for reference for a period of five years.

G.3 Provision of Datato BGS

The British Geologica Survey have requested thet dl Ste survey data, including analogue
and digital survey data on paper and/or tape be sent to them in confidence for addition to
their archive. Core sample data can aso be sent to BGS for archive provided locationd
information accompanies the materid.

G.4  Provision of Datato the Hydrographic Office

The Hydrographic Office is notified of dl ste surveys through DTI PON 14. Following
completion of the survey, the Office has requested one copy of the fina report together
with digital and analogue copies of the corrected bathymetry and seabed maps.

The contact addressiis.
UK Hydrographic Office

Admiradty Way
Taunton
Somerset TA1 2DN
Td: 01823 337900
Fax: 01823 248077
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Section H - Abbreviations And Units
Abbreviations

AGC Automatic Gain Control
AVO Amplitude Versus Offset
BGS British Geologicd Survey
BOP Blowout Preventer

BSl British Standards Ingtitute

CCM Computer Compatible Media
CMP Common Mid Point

CPT Cone Penetrometer Test

CRT Cathode Ray Tube

CSON Continental Shelf Operations Notice
DAS Deconvolution after Stack

DBS Deconvolution before Stack

DEn Department of Energy

DGPS Differential Globd Pogtioning System
DTI Department of Trade and Industry

EG&G Edgerton, Germhausen and Grier (equipment manufacturer)
E&P Exploration and Production

F Frequency

FK Frequency — Wavenumber
HF High Frequency

HSE Hedth and Safety Executive
IAGC Internationa Association of Geophysical Contractors
IFP I nstantaneous Hoating Point
K Wavenumber

Kny Nyquist Wavenumber

LAT Lowest Astronomical Tide
LF Low Frequency

LOP Lines-of-Position

MF Medium Frequency

MRU Moation Reference Unit
MSL Mean Sea Leve

NMO Norma M oveout
NSRF Nova Scotia Research Foundation
PCPT Piezocone Penetrometer Test

PON Petroleum Offshore Notice
QA Qudity Assurance
QC Qudity Control
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RMS

SEGB
SEGD
SEGY

UKCS
UKOOA
USBL

VHF
VRU
Vw

UNITS
cm
cu
dB

Hz
kHz
KJ
km

1

m%gEBS'

Root Mean Square

Short Basdine

Society of Exploration Geophysics Format B
Society of Exploration Geophysics Format D
Society of Exploration Geophysics Format Y
Super Short Basdine

Two Way Trave Time

Time Vaiant Filter

Time Vaiant Gain

True Vertica Sub Sea(Mean SeaLevd)
Time Veocity Squared

United Kingdom

United Kingdom Continental Shelf

UK Offshore Operators Association

Ultra Short Basdline

Sasmic veocity

Very High Frequency

Verticd Reference Unit

Seawater velocity

Depth

Wavelength

Centimetre
Cubic
Decibel
Gamma
Hertz
Kilohertz
Kilojoule
Kilometre
Inch

Metre
Millimetre
Milliseconds
Metres per second
Seconds
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