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E

reduction, data output and reflection. The

es for the Canadian Hydrographic Service
(CHS). In Malaysia, CHA works with the

(CIDA) and the University of Technology in

training course in Hydrography. The CHS
and CHA receive inquiries for
Hydrographic training for developing
countries. The CHA journal Lighthouse is
one means to provide the dissemination of

Message from the National President

hydrographic information. In subsequent
issues, different lighthouse pictures will be dis-
played on the cover. This is a chance to go
through old photographs for pictures of light-
houses. These pictures should be submitted to
the Editorial Board. Just as the lighthouse guided
ships over the ages, the Journal Lighthouse can
guide the information exchange with
Hydrographers, young and old.

Ken McMillan

al President:
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| Secretary/Treasurer:
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li, PQ G5H 324
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As this issue goes to press it is Fall. The field work ;
for most in the Northern Hemisphere where the
water gets hard, is over. Now is the time for data

Canadian Hydrographic Association continues
to foster the development of Hydrography. In
Canada, the Central Branch of CHA has a loan
library of videos collected during in-house cours-

Canadian International Development Agency

Johor Bahru, Malaysia to provide a Category A

[euofjeu Juapisaid np 101\

projects.

description.

Editor’s Note

files from the text.

Térese Herron

Here is Edition 58 at last. There are four papers
included in addition to an interesting piece on
the effect of winter storms on the water levels
on the Great Lakes. The CHA News section fea-
tures some of the activities the branches have
undertaken in the last two years. It is great to see

the Association is active and undertaking these

The next edition will feature a new Lighthouse

a91)oepal .| ap 9)0N

on the cover as we retire the existing cover negative, which is showing its
age, and produce a digital cover. The lighthouse on the cover may change
from time to time as we feature different lighthouses from across

the country and include a brief history to accompany the photo. If you

have a photo suitable for the cover send it to the Editor along with a brief

Contributions to Lighthouse are always welcome. In order to make produc-
tion more efficient please ensure items are available in digital form and
graphics, including tables, photos, figures and graphs are submitted (mini-
mum 300dpi) in their original format or as .pdf (preferable) or .tif as separate
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Announcements
KiS2001

The International Symposium on Kinematic Systems in Geodesy,
Geomatics and Navigation will be held in Banff, Canada, during the
period June 5-8, 2001. The symposium is organized by the University
of Calgary and The Institute of Navigation. The Convenors are Dr.
Gérard Lachapelle (lachapel@geomatics.ucalgary.ca). and Dr. M.
Elizabeth Cannon (cannon@geomatics.ucalgary.ca).

Website: www.geomatics.ucalgary.ca/KIS2001

Canadian Institute of Geomatics
New address:

1390 promenade Prince of Wales Dr.
Suite/Bureau 400

Ottawa, ON, K2C 3N6
Telephone/Téléphone: (613)224-9851
Fax/Télécopieur: (613)224-9577

Digital Earth 2001 Planéte Virtuelle
Beyond Information Infrastructure
Au-dela de l'infrastructure de l'information
June/Juin 24 to 28, 2001

Fredericton, New Brunswick, Canada

For Information:
E-mail: info@DigitalEarth.ca
Website: www.DigitalEarth.ca

M ¢ Q U E S T

MARINE SCIENCES LIMITED

489 Enfield Road
Burlington, Ontario
L7T 2X5 CANADA
(905) 639-0931 FAX: (905) 639-0934!
http://www.mcquestmarine.com email@mequestmarine.com

YOUR ONE STOP
SHOP FOR ALL OF YOUR
HYDROGRAPHIC NEEDS

WE REPRESENT:

Haw_jyation Limited

SHARK MARINE PMI Industries
THE GRIGNARD COMPANY
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bstracts résumé

Survey Navigation and
Positioning Guidelines for 3D
Marine Seismic Survey
Specifications

Lignes directrices pour le
positionnement et la naviga-
tion des levés 3D séismiques
marins

by/par Bruce Calderbank

Guidelines for readily achievable survey
navigation and positioning specifications
for 3D marine seismic surveys are provid-
ed in a checklist type format detailing the
survey and configuration parameters; the
type, quantity and criteria for the equip-
ment; checks, verifications and calibrations;
rejection and termination criteria; and deliv-
erables. Each system or component required
is described together within these topics.
These guidelines could be considered the
minimum standards of performance, required
proofs, and quality control criteria for the
acceptance of the survey, navigation and

positioning for 3D marine seismic surveys.

Des lignes directrices sur les spécifications
pour le positionnement et la navigation des
levés 3D séismiques marins sont don-
nées dans un_format de type liste de con-
tréle et détaillent les paramétres des levés
et de configuration, le type, la quantité et
les critéres pour l'équipement; les contrles,
les vérifications et les calibrations, les critéres
de rejet et de fin; ainsi que les livrables.
Lensemble des composantes de chaque sys-
téme est décrit pour chacun des sujets ci-
haut mentionnés. Ces lignes directrices
pourraient étre considérées comme étant
les normes minimales pour les critéres de
performance, de preuve tangible et de con-
tréle de qualité pour l'acceptation du posi-
tionnement et de la navigation des levés 3D

séismiques marins.
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Comparaison de I'altitude GPS
d’un navire avec des données
marémeétriques

Comparison of the GPS
altitude of a ship with tide
gauge data

par/by Stéphanie Michaud, Rock
Santerre et Alfonso Condal

Dans cet article, des profils verticaux d'un
navire obtenus du positionnement GPS-
OTF sont comparés aux données
marémétriques du réseau SINECO. Afin
d’effectuer ces comparaisons, on a tenu
compte de la conversion entre les surfaces
de référence verticales, de linterpolation
spatiale et temporelle des données SINECO
afin de correspondre aux observations GPS,
et de la réduction de la hauteur de l'antenne
GPS du navire a sa ligne de flottaison. Cette
derniére réduction inclut également la mod-
élisation de l'effét du squat du navire. Pour
les 12 heures de données analysées, dans
2 secteurs de la voie navigable du fleuve
Saint-Laurent, ['écart-type des différences
est d'au plus 7 cm lorsqu’il n’y a pas de
phénoménes hydrodynamiques (non mesurés
par les marémeétres situés prés des rives)
importants. Lorsque de tels phénomeénes
se produisent, des différences pouvant attein-
dre -20 cm ont été détectées. Dans ce cas,
le profil vertical GPS du navire est alors
plus représentatif du niveau réel de l'eau
que celui obtenu des marémeétres.

This paper deals with the comparison of
vertical profiles of a ship obtained from
GPS-OTF positioning with COWLIS tidal
data. To perform this comparison, we have
taken into account the reduction between
vertical reference surfaces, the spatial
and temporal interpolations of tidal data
to correspond to GPS observations, and
the height difference between the GPS
antenna of the ship and her waterline. This
last reduction also includes squat

modelling. For the 12 hour data analysed
in 2 sectors of the St.Lawrence river, the
differences have typically an rms value of
17 cm, whenever there are no large hydro-
dynamic phenomena (undetectable by tide
gauges close to the shore). When such phe-
nomena are present, discrepancies as large
as -20 cm have been detected. In
this situation, the true water level is more
realistically described by GPS vertical pro-
files of the ship than tide gauge data.

Determination of Mean Sea
Level with GPS on the Vessel

Détermination du niveau
moyen des mers avec le GPS
Sur un navire

by/par Reha Metin Alkan and H.
Mustafa Palancioglu

Changes to the water level should be deter-
mined in order to reduce the depth mea-
surements to the reference surface. For this
purpose, instruments called ‘Tide Gauges’
of many types such as staff gauges, float
gauges or self-recording gauges are
used. However, GPS improvements have
shifted positioning surveying to satellite
methods. Because of the advantages they
provide these methods are being densely
used for both terrestrial and hydrograph-
ic surveys. It is now possible to obtain the
3D coordinates of the dynamic objects
with the use of kinematic tecniques of
the GPS method. Especially, with the
Kinematic On the Fly (KOF) method, the
positions and the heights of the mobile
objects can be determined by the carrier
phase measurements with an accuracy
below 1 dm and in most cases, just a few
centimeters. Besides having such a high
accuracy, the most important advantage
that it provides is to define the initial inte-
ger ambiguity of the vehicle in motion.
This method is known as Precision



Differential GPS (PDGPS) because of the

accuracy it provides.

In this study, a new ‘Mean Sea Level (MSL)’
determining model based on PDGPS method
is introduced. The MSL is determined both
by this new method and a conventional
staff tide gauge with two separate studies
realised in Hali¢ (Golden Horn) Inlet
and the results are compared. As a result
of these studies, it is seen that the height of
the mean sea level can be determined by
the new method. This method is a power-
ful alternative to the conventional tide gauge
methods.

Les variations du niveau de l'eau servent &
réduire les mesures de profondeur a une
surface de référence. Dans ce but, les instru-
ments appelés ‘marégraphes” de type planche
a marée, a flotteurs ou auto-enregistreurs
sont utilisés. Cependant, les améliorations
du GPS ont fait en sorte que les méthodes
de positionnement traditionnelles ont été
remplacées par les méthodes satellitaires.
A cause des avantages qu’elles procurent,
ces méthodes sont grandement utilisées
pour les levés terrestres et hydrographiques.
1l est maintenant possible d'obtenir des posi-
tions tridimensionnelles d’objets en mou-
vement avec l'usage du GPS avec les
techniques cinématiques. En particulier, par
la méthode cinématique “On the Fly (OTF)”,
les positions et les altitudes des mobiles
peuvent étre déterminées par la mesure
de phase de I'onde porteuse avec une pré-
cision du décimétre ou de quelques cen-
timétres dans la majorité des cas. En plus
du haut niveau de précision, l'avantage
majeure qu’il procure est de définir l'am-
Dbiguité initiale d'un véhicule en mouvement.
Cette méthode se nomme la précision dif
ferentielle du GPS (PDGPS) ¢ cause de la
précision qu’elle procure.

Dans cette étude, un nouveau modéle pour
déterminer le niveau moyen des mers
(NMM) basé sur la méthode du PDGPS

est introduit. Le NMM est déterminé par
cette nouvelle méthode et par la méthode
conventionnelle des marégraphes pour la
région de Halic (Golden Horn) Inlet et les
résultats sont comparés. Le résultat de ces
études démontre que le niveau moyen des
mers peut étre déterminé par la nouvelle
méthode. Cette méthode est une alterna-
tive puissante & la méthode conventionnelle
des marégraphes.

Ten Years of a Canadian in
Monaco

Les 10 années d’un canadien
a Monaco

by/par Adam J. Kerr

Adam Kerr, former Central & Arctic
Regional Director of Hydrography, was
recently moved to look back on his 10 years
as the only Canadian to be a member of
the Directing Committee of the International
Hydrographic Bureau (IHB) at Monaco.

The Bureau (after 1972, the IHO and IHB,)
originally founded in 1921 and located
at the Principality of Monaco due to the
generosity of Prince Albert I, was involved
in significant progress in hydrography dur-
ing the years 1987 to 1997, during Mr. Kerr’s
tenure. This progress was largely due to
the development of such industry stan-
dards as S-52 and S-57 for Electronic Chart
technology and S-44 for hydrographic sur-
veys and their adoption by the member
states.

Other major areas of responsibility for the
THO include providing technical assistance
to developing countries. This is especial-
ly in the area of hydrographic training,
advice on the establishment of hydro-
graphic offices (a major task in Africa and
parts of Asia) and the delimitation of bound-
aries within the Law of the Sea. The IHB
also oversaw the production of GEBCO

abstracts résumeés continued

(General Bathymetric Chart of the Oceans).

The international hydrographic commu-
nity keeps abreast of the many develop-
ments in the industry by way of the IHB's
publications, including the International
Hydrographic Review and the monthly
bulletins. '

Adam Kerr, ancien directeur de
lhydrographie de la région Centrale et
Arctigue, fait une revue de ses 10 derniéres
années en tant que seul canadien a étre
membre du Comité directeur du
Bureau hydrographique international

a Monaco.

Le Bureau (aprés 1972, 'OHI et le BHI),
Jondé en 1921 et situé dans la principauté
de Monaco grdce a la générosité du
Prince de Monaco Albert I, a été impliqué
dans l'essor important de 'hydrographie
pendant le mandat de monsieur Kerr de
1987 a 1997. Cet essor a été grandement
dd au développement de normes telles S-
52 et §-57 pour la technologie des cartes
électroniques et S-44 pour les levés hydro-
graphiques et leur adoption par les pays

membres.

Les responsabilités de 'OHI incluent, entre
autres, de fournir une assistance technique
aux pays en voie de développement. Cela
se traduit par la formation hydrographique,
des avis sur I'établissement de bureaux
hydrographiques (une tdche importante en
Afrique et en Asie) et la délimitation des
frontiéres selon les politiques du Droit de
la mer. Le BHI a supervisé la carte GEBCO
(Carte générale bathymétrique des océans).

La communauté hydrographique interna-
tionale se tient au courant des développe-
ments de l'industrie par les publications
du BHI incluant la Revue hydro-
graphique internationale et les bulletins

mensuels.
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Survey, Navigation and Positioning Guidelines
for 3D Marine Seismic Survey Specifications

Bruce Calderbank
Originally published in The Hydrographic Journal, No. 90, October 1998, pages 11 to 20. Reprinted with permission of the author.

Introduction

During the authot’s career as a Client Navigation Representative, he has
had to implement a variety of contracts and specifications for 3D
marine seismic surveys, with respect to survey, navigation and position-
ing. Some of these have omitted details, which were critical to or would
have significantly improved the quality of the survey.

As part of the author’s procedures a list of survey, navigation and posi-
tioning criteria was complied which went through a number of style
and content revisions. The end results are the tables below which could
be used as a check list. The various equipment required and the expected
performance of that equipment are described. Most of the values and other
criteria suggested have been compared under actual survey conditions
and found to be acceptable.

Not every table is complete. Some information will be supplied by the
company, and other information will be supplied and negotiated with the
contractor. However, the majority of the information provided below
should not have to be altered, as the specifications detailed should suit
most 3D marine seismic surveys. A tabular format is used to highlight the
values and criteria suggested so as not to become buried in extensive expla-
nations. Consequently, only brief comments follow some of the tables
where applicable.

The reader is encouraged to use these tables for reference and guidance.
The values adopted by a company for any item must meet the survey
objectives of the company, and be negotiated with the contractor. Both
should ensure that the vessel to be used is capable of meeting the criteria
set out in the subsequent contract. The company may be required to accept
a lower standard due to time or budget constraints.

3D marine seismic survey operations have been described in various
articles, some of which are listed in the references. These and other arti-
cles should be referred to if the reader is uncertain of the relevance of some
of the topics listed.

1. General Information
Client

Client Contract Number

Contractor Reference Number

Location

Type of Survey 3D

Project Naming Convention

Total Planned Line Kilometres (excluding run-outs) kms

Total Planned Area km2

Total Number of 3D Lines

Average Planned Line Length

Shooting Directions

Estimated Start Date

Estimated Duration days

Vessel Name

2. Configuration
Number of Streamers
Number of Sources
Number of Gun Sub-Arrays per Source

The contractor should supply a cable and source positioning system inte-
grating at least the vessel(s) positioning; actively positioned source sub
array(s), front (gun) float(s), and tailbuoy(s); laser positioning; front and
tail (and middle if used) acoustic network(s); streamer compasses; and
gyro compass(es). The contractor should use an integrated navigation sys-
tem and a post-processing system that output compatible results (for exam-
ple, the software should be based on the same processing models and
algorithms).

These guidelines cover the use of all of the above although it is possible
that a system may not used, such as laser positioning, or a front (gun)
float(s) is not deployed. If that is the case then reference to the affected
item(s) which follows can be disregarded.

3. Expected a posterior Positioning Accuracy Relative to the Vessel

Semi Major Axis of Standard (15) | Semi Major Axis | Semi Major Axis | 95 % Horizontal
Error Ellipse (39.4 % Confidence | Estimated Maximum Error | Error Ellipse of

Level for Multivariate Case) Correlation (16) | Ellipse (10) Two Dimensional

Position

InLine (6;) | Cross Line (ov) (0w) (Omar) 2447 * (Ona)
Source(s) T2 mefres + 3 metres £ 3 metres £32mefres | £7.9metres
Front (Gun) Float(s)| + 3 metres + 3 metres + 3 metres +3.5metres | £85metres
First Trace + 3 metres + 3 metres + 3 metres +3.5metres | £8.5metres
Mid Trace + 3 metres + 4 metres + 4 metres t4.1metres | +10.0 metres
Far Trace + 3 metres + 3 metres +45metres | £3.7metres | +9.0metres
Tailbuoy(s) + 3 metres + 3 metres +45metres | £3.7metres | £9.0metres

The above accuracies should be achievable for each source; for the
front (gun) float(s); for the first, middle and last trace on each streamer;
and for each tailbuoy. Sufficient redundancy should be incorporated in
the network(s) design, to be able to achieve these results throughout the
survey.

The effect of any permanent failure(s) on the accuracy of the network(s)
should be demonstrated by the contractor ona MOVE?® (or similar) pack-
age, and should ensure that the positioning of any node should not be
greater than + 1.5 metres when compared to the previous network analy-
sis. Realistic a prioristandard deviations (L6) should be used which should
be approved by the company.

The corresponding horizontal mid point (HMP) accuracy would be 2.8
metres for the first and last common mid point (CMP), and 3.1 metres for
the middle CMP for each streamer.

The above calculations are based on the bivariate probability of a point
lying with in an error ellipse drawn with semi-major and semi-minor axes
of oma and Gmin, The correlation between the in-line and cross-line errors
has been estimated.

Range of Variate 1o 20 2447 3o
Confidence 394% 865%  95% 98.9%

Using the error estimates for the in-line (6+) and cross line (6y) directions
then o= and Gwin can be computed assuming a realistic value for the cor-
relation (Ox). The correlation values are included to ensure all possible
errors were considered instead of being assumed not to apply. The for-
mula are:

o !
O%ex = 72{0¢ + 02 + [(02- 62 + 4o’ 7 4
C’rin =2 {ze + 6% - [(ze = (Tyz)2 + 4ny2] 2}
The derived G can then be used to calculate 95 % (2.447G ).
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4. Streamer Parameters

6. 3D Coverage Parameters - continued

Stretch Factor: Stretch Sections
Stretch Factor: Active Sections
Depth Indicators, type

Depth Indicators, number per streamer
Depth Controllers, type
Depth Controllers, number per streamer

Maximum Wing Angle for Balanced Streamers + 3 degrees (excluding first 2 streamer compasses)
Maximum Feather Angle (any streamer)*

* The maximum feather angle will depend on the geophysical objectives.
All available tidal and current information should be utilized to predict
the expected feather angles.

Streamer compasses are specified below under Navigation and Positioning
Systems.

Streamer Type and Manufacturer Origin Convention

Active Streamer Length (Nominal) metres Ship Survey Speed (over ground) A knots

Number of Channels per Group Interval Run In: Minimum i at least 1.5 times the streamer length
Group Interval (Nominal) metres Run Ot

Group Length (Actual) metres

* The streamer(s) can be subdivided into various subsections, which
can be equal in length, or whatever length is required.

4 Maximum possible without creating seismic noise or strumming on any
streamer(s).

V'The run-in for any line or part of a line should allow the streamer com-
passes to stabilize, ensure the streamer(s) is straight for best coverage,
and to ensure that the acoustic positioning system is operating satis-
factorily, and the gyro compass(es) have stabilized to minimize any

Schuler effects.

7. Binning Displays Required

Select one appropriate method: Non Flexed Flexed

Unique Radial Offset

Unique In-Line Offset

* Larger adjacent tail streamer separations caused by currents and sea
conditions may be acceptable if approved by the company.

2 The minimum offset from the centre source to the inner streamers will
be at least the minimum safe distance.

V Instantaneous variations could occur due to sea conditions and should

5. Source and Streamer Geometry Unique In-Line Offset for each streamer Independent of Other Streamers
For each line or part of a line Objective | Allowance Instantaneous ¥
Separations between: Cross-Line 8. Line and Shot Point Numbering
Adjacent Front Streamers metres +5% +10% Line Name Prefix Format
External Front Streamers metres |+ 5% +10% Line Name Suffix Format: Prime nnnnPseq
Centre Sources metres 5% +10% (Line Number nnnn, Sequence Number seq)*
Source Sub-Arrays metres +15% +30% Line Name Suffix Format: Reshoot nnnnAseg; A then B, then C etc.
Adjacent Tail Streamers* metres £30% +40% Line Name Suffix Format: Infill nnnnFseq; F then G, then H etc. (to avoid using |)
Minimum Offsets to Near Traces: Inline First Shot Point Number: Prime 1001 (or some other 4 digit number)
Inline Offset from Centre Source to Inner Streamers® | metres 5% +10% Shot Point Number Increment: Reshoot +10000 for A, then +20000 for B, etc.
Inline Offset from Centre Source to External Streamers | metres + 5% +10% Shot Point Number Increment: Infill 2 +5000 for F, then +15000 for G, etc.
Front Streamer Shape (select) flat / smile Incrementing and Decrementing Shot Yes / No
Minimum Depth Offsets: Depths Point Numbering (select)
Streamer Depth metres + 1 metre Source Firing on 0dd Shot Point Numbers (select) Starboard / Port
Streamer Depth: Difference between extremes + 1.5 metres Source Firing: Reset if Out of Sequence (select) | Yes / No
Source Depth metres + 0.5 metre - - -
Source Depth: Difference between extremes + 1 metre * Other conventions may be more appropriate to the particular

needs of the company. The line naming convention should ensure that
the seismic recording system does not truncate the line suffix number.

A The shot point renumbering suggested for reshoots and infill may
not be required.

9. Local or National Datum

be for not more than 20 shot points. Local Datum Name
Spheroid

6. 3D Coverage Parameters T Py

Shot Point Interval per stot - metres Semiminor AXs (b) metres

Interval for eagh Sourcg in Flip Flop mode metres Inverse Flattening (L/)

Sub-Surface Line Spacing metres Eccentricity Squared (e?)
Surface (sail line) Spacing metres Units International metres
Acquisition Bin Fixed rectangle
CDP Column Spacing metres
Size of Bins: In-Line metres 10. Alternate Datum
Size of Bins: Cross Line metres Alternate Datum Name WGS-84

Nominal Fold per CMP Spheroid WGS84

Nominal Fold per Bin Semimajor Axis (a) 6378 137.000 metres

Offset Monitored non-duplicate offset ranges for each segment Semi-minor Axis (b) 6 356 752.314 metres

Bin Expansion: On Line None Inverse Flattening (1/f) 298.257 223 563

Bin Expansion: Off Line - Type (select) block movement / linear taper Eccentricity Squared (e?) 0.006 694 3799

Bin Expansion: Off Line - Definition (select) either side of the hin / total cross line distance Units International metres

Bin Expansion: Off Line - Percentage % Nears to % Fars

Bin Expansion: at Near Trace * metres 11. Datum Shift Parameters from WGS-84 to Local Datum
Bin Expansion: at Mid Trace + metres X metres

Bin Expansion: at Far Trace* + metres ay metres
Group(s) to be Maximized for Coverage az metres

Binning Specification: Nears % of nominal number of hits X Rotation (1) arc seconds

Binning Specification: Mids % of nominal number of hits Y Rotation (1Y) arc seconds

Binning Specification: Fars* % of nominal number of hits 7 Rotation (1Z) arc seconds
Survey Grid Rotation degrees Grid Scale Correction ppm
Survey Grid Origin (centre of bin): Northing metres
Survey Grid Origin (centre of bin): Easting metres The multiple regression shift parameters may be specified instead of the seven
Shot Point Number at Origin parameter transformation above, if the information is available for the area
EneNambenatOngh in which the 3D survey will be carried out.
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12. Geoidal Height

Model Used for Geoidal Height Calculation

17. Navigation and Positioning Systems - Type, Manufacturer,
Software Version and Date - continued

Geoid to Spheroid Separation

Acoustic Positioning: Batteries

13. Projection Parameters on Local Datum

Streamer Compasses: Type and Manufacturer i

Streamer Compasses: Spacing at least every 300 metres, front and tail as below

Projection Type Universal Transverse Mercator (UTM) Streamer Compasses: Numbgr per streamer
Streamer Compasses: Batteries

UTM Zone (North or South) Type and Manufacturer
Longitude of Central Meridian (CM) degrees Gyro Compass
Latitude of Origin 0 degrees Back Up Gyro Compass
Scale Factor along CM 0.9666 5;2085_3“”"9“8TVF’9 it’“ds'v‘a”gf\jclt“r? -

- ridge or Seawater Sound Velocity Meter
False Easting 500 000 metres Marine Gravity (i applicable)
False Northing 0 metres (10 000 000 m for Southern Hemisphere) Marine Magnetometer (if applicable)
Unit of Coordinates International Metres Speed Log (if applicable)

There are other grid projections, such as Transverse Mercator, Rectified Skew
Orthomorphic, or Gauss-Kriiger, which will have different parameters than
UTM.

Acoustic Doppler Current Profiler (if applicable)

On Line Integrated Navigation System

On Line Binning System

Post Processing System

14. Example of Co-ordinate Conversion

Off Line Binning System

Local Datum

Latitude Easting
Longitude Northing
Height Height
Alternate Datum

Latitude Easting
Longjtude Northing
Height Height

These are very useful to confirm the contractor’s software agrees with the company’s.

15. Prospect Boundary Points

Datum Name

Projection

Boundary Point Latitude Longjtude Northing Easting

Insert as many points as required to describe the prospect full fold area.

16. Block Boundary Points

Datum Name

Projection

Boundary Point Latitude Longitude Northing Easting

Insert as many points as required to describe the block area. The block bound-
ary should be shown on all maps, plans and aerial plots produced by the con-
tractor.

17. Navigation and Positioning Systems - Type, Manufacturer,
Software Version and Date
Primary DGPS Positioning* (see also next table)
Secondary DGPS Positioning* (see also next table)

rGPS Positioning: Type and Manufacturer
rGPS Positioning: Source(s) 1 per source

rGPS Positioning: Front (Gun) Float(s) 1 each

rGPS Positioning: Tailbuoys at least the minimum number specified later in
these guidelines (collocated with acoustic sensor)

Laser Positioning: Type and Manufacturer
Laser Positioning: Capable of Tracking

minimum 6 targets

Acoustic Positioning: Type and Manufacturer .
Acoustic Positioning: Vessel

at least 1, preferably rigidly mounted through a
gate valve, and free of vibrations at oper-
ational speeds

*The single frequency GPS receivers should support P-code resolution on the
CA-code measurement (L1) type technology, provide parallel tracking, and be
all-in-view type GPS receivers. The components of the primary DGPS posi-
tioning system should utilize identical GPS and telemetry equipment, pseu-
do range correction (PRC) software and firmware versions. The components
of the secondary DGPS positioning system should have the same character-
istics but should be of a different type. (See next table.)

The number of rGPS units, acoustic sensors, and streamer compasses should
meet at least the above minimum criteria and ensure that the resulting
uncertainty in the front and tail network positioning of any node should not
be greater than +1.5 metres when compared to the previous network analysis.

A The number of acoustic units should meet at least the above and the
following minimum criteria:

i The cable separations at the front and tail should be directly measured, by
duplicate range measurements if possible.

it There should be at least 2 acoustic sensor units mounted approximately
100 metres apart, one on either side of the first live trace. The first acoustic
sensor should be mounted within 15 metres of the first live trace.

iii There should be at least 2 acoustic sensor units mounted approximately
100 metres apart, one on either side of the last live trace. The last acoustic
sensor should be mounted within 15 metres of the last live trace.

iv. The network should have at least 30 % redundant acoustic range
observations to enable biases to be determined, and to ensure there are
no uncontrolled observations.

The number of streamer compasses should meet at least the above and
the following minimum criteria:

i There should be 2 compasses mounted approximately 100 metres apart,
one on either side of the first live trace. The first compass should be
mounted within 25 metres of the first live trace.

ii  There should be 2 compasses mounted approximately 100 metres apart,
one on either side of the last live trace. The last compass should be
mounted within 25 metres of the last live trace.

iii The maximum distance from the last active streamer compass to the
tailbuoy on each streamer should be less than 100 metres.

Acoustic Positioning: Sources each gun sub-array, and used in network solution
(possibly collocated with an rGPS unit)
Acoustic Positioning: Front (Gun) Float(s) 1 each

Acoustic Positioning: Front at least 2 per streamer, located as described
below

Acoustic Positioning: Middle at least 1 per streamer, and used in network
(for streamer exceeding 3 kilometres) solution

Acoustic Positioning: Tail at least 2 per streamer, located as described
below

at least the minimum number specified later in
these guidelines (collocated with an rGPS unit)

Acoustic Positioning: Tailbuoys

18. Minimum DGPS Equipment Requirements for Primary
and Secondary Positioning

Each GPS receiver onboard, and at the DGPS
Reference and Monitor Stations

Primary Positioning: Name and Supplier

Secondary Positioning: Name and Supplier

Minimum number of channels* 9 channels

Firmware Version (best practice) same for each GPS receiver used
Firmware Version: Last Updated latest possible or within 6 months of mobilization
PRC Software Version (best practice) same for each GPS receiver used
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18. Minimum DGPS Equipment Requirements for Primary
and Secondary Positioning - continued

PRC Software Version: Last Updated latest possible or within 6 months of mobilization

Minimum Number of DGPS Reference Stations at least 2 or more (if operationally feasible) which
should surround the prospect &

Differential Correction Transmission Method:
Primary Positioning

All DGPS reference and monitor stations should be tied (referenced) to the
primary control network of the country in which the stations are located. The
national control points to which the GPS land survey should be tied should
be at least second (2nd) order accuracy (1 in 50,000) or better.

Primary DGPS Positioning: Reference Stations V' | bistance from Prospect | Azimuth from Prospect

20. Required Offset Measurement Accuracies

(add rows as necessary)

Differential Correction Transmission Method:
Secondary Positioning

different to Primary DGPS

Secondary DGPS Positioning Reference Stations V| Distance from Prospect | Azimuth from Prospect

(add rows as necessary)

Obstruction at each DGPS reference Station:
Elevation Mask

5 degrees

DGPS Monitor Station (if used) within 200 kilometres of prospect centre (if opera-

tionally feasible)

capable of altering users of any non conformance

alternatively a DGPS Network Control Centre

Offsets: In-Line Cross Line| Radial Height
Static Offsets onboard Vessel +0.1m +0.1m +02m| +0.1m
Static Offsets onboard Tailbuoys +0.1m +0.41m +02m| +01m
Laser Prism(s) on source(s) +0.2m +0.4m +02m| +01m
Towed Acoustic Sensors +0.3m +0.4m +04m| +0.3m
Angle of Deflection for Towed Acoustic Sensors 451060
degrees

Offsets: In-Line
Acoustic Sensors mounted on Streamer(s) +0.2m
Streamer Compasses mounted on Streamer(s) | £0.2m
Laybacks: In-Line
Centre Source - Definition (select) geometric/

gun volume
Centre Source(s) +2.0m
Centre Near or First Group +3.0m

* Twelve channel GPS receivers are preferred as these provide enhanced track-
ing capabilities, faster acquisition and re-acquisition times, better perfor-
mance during high dynamic maneuvers, with an update rate of less than 1
second per cycle.

A The individual DGPS reference stations should be chosen so that they are
equally spaced around the prospect to minimize distortions caused by ionos-
pheric and tropospheric effects. As much as possible the following guide-
lines should be adhered to with respect to the maximurm distance from each
DGPS reference station to the prospect centre. The optimum locations
should be chosen for the GPS antenna ashore and onboard to minimize
electromagnetic interference, multipath effects, and any obstructions.
GPS health (site) audits of the DGPS reference stations and the DGPS mon-
itor station (if used) to check for multipath effects, electromagnetic inter-
ference, and obstructions should have been updated as specified later in
these guidelines.

V' Distances from the prospect to the individual DGPS reference stations should
be kept to a minimum.

All static offsets should be accurately measured by land survey methods. All
offsets and laybacks should be shown on an appropriate set of diagrams and
the layout approved by the company. The angle of deflection for towed acoustic
sensors would vary depending on their weight.

Contractor should endeavor to ensure that the offsets and laybacks are unchanged
during the survey unless operational reasons justify change. Any changes should
be re-measured and the network definition(s) and effected diagrams should
be revised and approved by the company.

Any or all offsets and laybacks should be checked by contractor at each stream-
er deployment when required by the company.

All offsets of the in-sea units should be measured to the centre of the mea-
surement sensor on each acoustic unit and streamer compass, and the centre
of each individual gun or gun cluster. Allowance should be made for the stretch
in the front and tail stretch sections.

When the shortest possible source and streamer geometry have been estab-
lished allowing for operational and safety concerns, all towing wires and chains
should be marked to ensure the geometry remains the same following each
deployment.

21. DGPS and rGPS Positioning Criteria

Transmission System Maximum Distances Comment

Satellite 750 kilometres Preferred

Low Frequency 600 kilometres Generally not encouraged
Medium Frequency 500 kilometres Generally not encouraged
Ultra High Frequency 100 kilometres Preferred backup method

19. Required Accuracy for DGPS Reference and Monitor Station
Co-Ordinates

International Earth Rotation Service (IERS)

Terrestrial Reference Frame and Epoch (ITRF-yy)

Absolute Accuracy (95 % confidence level or better)

3 Dimensional Relative Accuracy for each Baseline

(95 % confidence level or better)

Point Error Ellipsoid Dimensions

(95 % confidence level or better)

+ 1 metres
5 centimetres + 5 ppm

semi-major axis (a) = less than 0.1 metres
semi-minor axis (b) = less than 0.1 metres

DGSP Accuracy (10) + 5 metres
rGSP Accuracy: Tailbuoys (16) +5 metres
rGSP Accuracy: Front (Gun) Float(s) (15) +2metres
UKOOA “Use of Differential GPS in Offshore latest version
Surveying” Guidelines

DGPS Height Aiding Approved (select) Yes / No

DGPS Height Accuracy (to account for tides
and sea conditions)

less than + 5 metres (if on site a larger value
has to be used Height Aiding should not be used)

DGPS Height Fixing Approved No

DGPS Minimum Number of Acceptable Satellites* 5 (4 with Height Aiding)

DGPS Satellite Elevation Mask A 7 degrees

DGPS Age of Corrections less than 10 seconds
(stop if greater than 20 sec.)

after final minimally constrained adjustment height = less than 0.2 metres

The GPS land survey observations to establish the geodetic control for the

DGPS reference and monitor (if used) stations should meet the latest version

of an approved national standard, such as the following:

i “Guidelines and Specifications for GPS Surveys”, Natural Resources Canada,
-Geodetic Survey Division, Ottawa, Ontario, Canada, Edition 2.1, December
1992.

ii “Geometric Geodetic Accuracy Standards and Specifications for Using
GPS Relative Positioning Techniques”, Federal Geodetic Control Committee,
National Geodetic Survey, NOAA, United States, Version 5.0, May 1988.
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DGPS Update Rate, including Monitor Station less than 3 seconds corrected for any latency

DGPS Transmission Format RTCM SC-104, version 2 or later

DGPS Data Link Performance to each
Reference and Monitor Station

98% (or better) valid messages

DGPS HDOP less than 3

DGPS PDOP less than 4

DGPS VDOP less than 4

rGPS Minimum Number of Acceptable Satellites* 4 (3 with Height Aiding)
1GPS Satellite Elevation Mask * 5 degrees

rGPS PDOP less than 5

IGPS synchronization 1 second

rGPS Update Rate less than 10 seconds

(stop if greater than 20 sec.)




21. DGPS and rGPS Positioning Criteria - continued

Statistical Testing Values:

Probability of Test (B ) 20%
Power of the Test (1 - ) 80%
Level of Significance (c) for the W-test 1%

Level of Confidence (1 - o) for the W-test 99 %

Marginal Detectable Error (MDE) in any less than 15 metres

Corrected Pseudo-range

* Whenever possible, the maximum available number of healthy satellites

that meet the minimum elevation criteria should be used in the
positioning computation(s). Satellite prediction software with the latest
updated almanac should be available throughout the survey. Such
software should be used to identify any poor coverage windows and if
possible plan operations accordingly.

A Provided the DGPS and rGPS software is capable of handling such low
elevation satellites by the use of appropriate weighting. The weighting
should be documented and approved by the company.

A continuous integrity check could be carried out during mobilization and
the survey for each line or part of a line. If an integrity check is not possible
then all DGPS positioning equipment should be verified in situ with the ves-
sel(s) fast alongside prior to the commencement of seismic acquisition.

A re-radiation check of all rGPS positioning units could be carried out during
mobilization, prior to deployment, and, as required, during the survey. If a re-
radiation check is not possible then all rGPS positioning units should be ver-
ified in situ with the vessel(s) fast alongside prior to the commencement of
seismic acquisition.

*  QOrientation from the navigation gyro compass, should be combined with
the laser directions to derive the laser bearing in the integrated navigation
system and the post-processing system.

4 To allow direct comparisons to be made with the primary navigation
gyro compass.

Laser positioning may be redundant with sufficient rGPS units deployed on
the source arrays and front (gun) float(s). The prisms should be waterproofed
to prevent water ingress. To prevent damage during deployment and recov-
ery of a source sub-array, the prisms should be protected by a bracket or other
strong feature, if operationally feasible. Repeated failed attempts to establish
acceptable laser positioning to the source sub-arrays should require alternative
arrangement(s) to be devised with company approval.

25, Acoustic Positioning Criteria

Range Accuracy (10) 1 0.2 meters

Range Resolution 0.2 metres

22. Active Tailbuoys - rGPS and Acoustic Positioning Acceptable

Number of Streamers Minimum Number of Active Tailbuoys Required
1 4
2 1
3 2
4 2
B 2
6 3
7 3
8 4
9 4
10 4
11 5
12 5

An active tailbuoy is defined as any tailbuoy with operational rGPS and acoustic
positioning. With 3 or more streamers, acceptable active tailbuoys should not
be adjacent to each other. The maximum number of active tailbuoys would
be one for each tailbuoy.

The contractor should ensure that each tailbuoy unit has sufficient power to
satisfy the requirements of the positioning system and data telemetry systems.
Non-gassing batteries should be used.

23. Active Gun Sub Array(s) or Front (Gun) Float(s) - rGPS
and Acoustic Positioning Acceptable

Number of Sources Minimum Number of Gun Sub-Arrays with rGPS

positioning or Active Front (Gun) Float(s)

The contractor should provide a medium or high frequency acoustic posi-
tioning system capable of providing acceptable data in the conditions
expected during the survey. These conditions would include but not be lim-
ited to, the expected water depths, tides and currents, and the temperature and
salinity changes. The acoustic positioning system should be designed such that
the co-ordinate accuracy of the source(s) and streamer traces should be
within the tolerance specified by the company.

A unique serial number should be clearly engraved or marked in some other
durable manner on an easily visible portion of the acoustic sensor housing.

The redundancy and geometry of the observed acoustic ranges should meet
good survey practices and standards, and should allow an effective, statisti-
cally adjusted network(s) to be computed. The survey network should con-
tain sufficient redundant observations to enable biases to be detected. The
redundancy should be evenly spread such that the network contains no uncon-
trolled observations. A well-controlled network will have the redundant obser-
vations in the design network. If the processing method is based on a phased
adjustment of sub-networks, this redundancy requirement should apply to
each sub-network. The company preferred testing method for all observables
is by applying Baarda statistical testing for outliner detection using the test-
ing values specified by the company.

The contractor should provide a MOVE? (or similar) analysis of the network(s)
in order to be able to prove the network(s) meet the co-ordinate accuraccri-
teria, using the a priorivalues suggested by the company prior to mobilisation,
as well as during the survey to determine the effect of any equipment failure.

‘Orientation along each streamer for the front acoustic network should be

derived from the average of the first two active streamer compasses on the
respective streamer. Orientation along each streamer for the tail acoustic net-
work should be derived from the average of the last two active streamer
compasses on the respective streamer, or from the rGPS positioning. Other
appropriate procedures may be used with company approval.

The speed of sound in water at the streamer depth should be established and
updated as specified by the company.

s 1
2 1 26. Streamer Compasses Criteria
3 2 Direction Accuracy (1G) 1 0.5 degrees
4 3 Resolution 0.35 degrees
Active front (gun) floats(s) may not be required if adequate rGPS units are Display 0.1 degrees
( ) ( ) v q q Internal Gimballing: Roll 360 degrees

deployed on the source sub array(s). The maximum number of active rGPS
and acoustic units would be one of each on each gun sub array.

Internal Gimballing: Pitch at least 25 degrees

24, Laser Positioning Criteria

Acceptable On-Line Filtering: sampled every second and averaged over 7 seconds

Distance Accuracy (10) + 0.5 metres

Direction Accuracy (10) +0.1 degrees

Distance Resolution 0.5 metres

Direction Resolution 0.1 degrees

Orientation* primary navigation gyro compass
Check Prism (if used) & mounted to a fixed surveyed point

A unique serial number should be clearly engraved or marked in some other
durable manner on an easily visible portion of the streamer compass housing.

The streamer compass configuration should be the same or very similar for
each streamer. If operationally feasible, a given streamer compass should be
mounted on the same streamer, at the same location, throughout the seismic
acquisition.

LIGHTHOUSE Fall/Automne 2000 11



The static biases for the streamer compasses which meet the specified tolet-
ances set later in these guidelines, shall be set to zero (0) in the integrated nav-
igation system and the post processing software, at the discretion of the company.
The contractor should only use dynamic streamer compass verification values
with the written approval of the company.

31. Marine Gravity Criteria - continued

217. Streamer Depth Sensor Criteria

Maximum Filtered Accelerometer Noise 4 level divisions

Heading Changes On Line less than 1 degrees per minute, if operationally
feasible

Speed Changes On Line less than 1 knot per minute

Sensor Offset Position* centre of vessel pitch, roll, and yaw axes

Accuracy (10) +0.2 metres
Resolution 0.1 metres
Display 0.1 metres

28. Magnetic Variation for Streamer Compasses

* The marine gravity meter should be in a position where it will not be exposed

to extremes of temperature or be knocked or damaged, but will allow easy
access for maintenance. The equipment should be mounted such that it
is sufficiently dampened not to be affected by floor transmitted high fre-

Model Used for Magnetic Variation Calculation

Prospect Centre: Latitude

Prospect Centre: Longitude

Date Used for Computation

Magnetic Variation Computed degrees
Magnetic Secular Variation Computed degrees
Agreement with most recent Admiralty within 0.2 degrees

quency vibrations.

Data recording should commence 8 to 10 minutes before the start of a line
or part of a line, and terminate at least 5 minutes after the end of the line or
part of a line. Sufficient analogue data should be recorded to allow data recov-
ety in the event of the failure of the digital data recording.

32. Marine Magnetometer Criteria

Minimum Sensitivity Accuracy

+ 1nT (1 nT =1 gamma which was old measure)

29. Gyro Compass(es) Criteria

Chart or other Independent Method Sampling Rate 2 seconds

Magnetic Storm and Sun Spot Activity Reports sent to vessel at least weekly, if significant Synchronization with Navigation Timing 1 second
Noise Envelope +2nT
Signal to Noise Ratio 25:1

30. Echo Sounder Criteria

Depth maximum water depth in prospect area
Accuracy + 1 % of the water depth in area of operations
Units metres

Graphic Resolution 0.2 metres

Digital Resolution 0.1 metres

Frequencies: at least 2 33 kHz and 210 kHz (or similar)

Recording Paper Speed and Scales adjustable

Speed of Sound Setting adjustable and continuously displayed
Transducer Draught Setting adjustable

Event Mark external and manual input

Output: Paper Record*

Yes (to be included with observer's log for each line

OQutput: Digital

Yes

Heave Compensator® (Optional)

1 0.5 centimetres or 5 % of measured range

Speed of Sound: Accuracy from T/S meter

+ 1 metre per second

Speed of Sound in Water Column:

Value Used (select) standard / observed
Speed of Sound at Streamer Depth:
Value Used observed

Draught: Value Used (select) v

standard / observed

*  All analogue records should be clearly and legibly annotated to include
at least the following minimum information at the start and end of each

line: date, time, line number, shot
The heave compensator (if used)

point and scale used.
should be installed in close proximity to

the echo sounder transducer and should be rigidly fixed. The installation
and operation of the heave compensator should be in accordance with the

manufacturer’s specifications.

Towed Astern at least 3 times vessel length (if operationally feasible)
Accuracy (10): Static * degrees
Accuracy (16): Dynamic * degrees A N .
2 33. Speed Log and Acoustic Doppler Current Profiler Criteria
Resolution 0.1 degrees
- Speed Log: Accuracy + 0.1 metres per second on each axis
Display 0.1 degrees Speed Log: Update Rate at least once per minute
Alignment with Vessel Centre Line (securely fastened) +0.2 degrees Acoustic Doppler Current Profiler: Update Rate at least once per minute
Alignment: Repeaters 1 0.2 degrees Acoustic Doppler Current Profiler: Accuracy + 0.03 metres per second on each axis
Orientation for Navigation System primary gyro compass For the marine gravity, marine magnetometer, and acoustic Doppler current

profiler the contractor should provide visual outputs as well as digital and ana-
logue records. All analogue records (if provided) should be clearly and legi-
bly annotated to include at least the following minimum information at the
start and end of each line: date, time, line number, and shot point.

34. Minimum Positioning Spares Recommended

Primary DGPS Positioning onboard including GPS
receiver, demodulator, antenna and cabling,
computer hardware and software

Secondary DGPS Positioning onboard including
GPS receiver, demodulator, antenna and cabling,
computer hardware and software

DGPS at each reference station GPS receiver,
demodulator,modem and relay capability, antenna
and cabling, computer hardware and software

100% (in ‘hot stand by mode’)

Tailbuoy Vehicles including rGPS unit, telemetry link,
power supply, antenna and cabling, computer
hardware and software*

50 % of minimum number of active tailbuoys
required (rounded up for odd numbers)

Acoustic Positioning Transponders/Responders*

25%

Acoustic Positioning: Batteries

new at mobilization (replaced within
manufactureris expected duration)

Streamer Compasses*

50%

Streamer Compasses: Batteries

new at mobilization (replaced within
manufactureris expected duration)

Streamer Depth Controllers*

50 %

Streamer Depth Controllers; Batteries

new at mobilization (replaced within
manufactureris expected duration)

Navigation Downtime (if operationally feasible)

Laser positioning unit 100 %
Gyro compass 100 %
Navigation Data Logging units 100 %
Repair of Equipment: Maximum Period of 6 hours

* These suggested percentages of spares may not be required for multi stream-

The velocity of sound in water for the water column and at the streamer

depth and the draught of the vessel(s) should be observed and updated

er surveys where it could be possible to cannibalize a streamer(s) to allow
production to continue. In such cases provisions for such a possibility should

as specified later in these guidelines.

31. Marine Gravity Criteria
Sample Rate for Gravity and Navigation 1 second
Synchronization with Navigation timing 1 second
Noise Envelope at 3 Minute Filter Horizontal + 0.5 mGal
Accelerations:  Up to Force 4 or 25,000 mGal
Up to Force 5 or 50,000 mGal + 1.0 mGal
Up to Force 6 or 75,000 mGal + 2.0 mGal

be included in the contract.

Positioning Systems - Timing

35. Pre Survey Checks, Verifications and Calibrations of

DGPS Positioning Verification - Primary

during mobilization

DGPS Positioning Verification - Secondary

during mobilization

Primary and Secondary DGPS Reference

Stations - GPS Health (Site) Audits

within 6 months of mobilization
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35. Pre Survey Checks, Verifications and Calibrations of
Positioning Systems - Timing - continued

37. Post Survey Checks, Verifications and Calibrations of
Positioning Systems - Timing - continued

rGPS Positioning Verification

all during mobilization

Laser Positioning Calibration

within 4 months of mobilization

Laser Positioning Calibration: Directions

both (same as for gyro compass(es))

Streamer Compasses: Verification by contractor

period since previous verification greater
than twice period stated above,
or at discretion of company

Laser Positioning Calibration: Long Projects

repeated at 6 months from start of survey

Streamer Depth Sensors: Calibration

at discretion of company

Acoustic Positioning; Inspection of Hull mounted
Transducer by Diver (to clear marine
growth from transducer)

during mobilization (if not accessible through gate
valve) or at discretion of company

Gyro Compass(es): Calibration

period since previous verification greater
than twice period stated above,
or at discretion of company

Streamer Compasses: Manufacturer's Calibration

within 24 months of mobilization

Speed of Sound in Water Column for Echo Sounder

in prospect at end of survey

Streamer Compasses: Verification by contractor

within 4 months of mobilization

Streamer Depth Controllers: Calibration

all during mobilization

Echo Sounder: Lead Line Check

during demobilization or at discretion of

Gyro Compass(es) Calibration

within 4 months of mobilization

Gyro Compass(es) Calibration: Directions

both

Gyro Compass(es) Calibration: Long Projects

repeated at 6 months from start of survey

Echo Sounder Transducer Check: Inspection
by Diver (to clear marine growth from transducer)

during mobilization (if not accessible through gate
valve) or at discretion of company

company

Echo Sounder: Bar Check during demobilization or at discretion of
company

Marine Gravity (if applicable): As Required by Manufacturer | during demobilization

Marine Gravity (if applicable): Land Tie (select) Yes / No

Preliminary Results to be available

prior to end of demobilization

Echo Sounder Check: Lead Line Check

during mobilization or at discretion of company

Echo Sounder Check: Bar Check

prior to acquisition if operationally feasible

T/S Bridge or Seawater Sound Velocity Meter

within 12 months of mobilization

cations and calibrations.

The company may request to be present at any or all of these checks, verifi-

Speed of Sound in Water Column for Echo Sounder

at prospect centre and if operationally feasible, at
corners of prospect prior to commencement

Systems - Acceptahle Results

38. Checks, Verifications and Calibrations of Positioning

Speed of Sound in Water at Streamer Depth
for Acoustic Positioning

in prospect prior to commencement

Marine Gravity (if applicable):
As Required by Manufacturer

during mobilization, including alongside
still reading

DGPS Positioning Verification — Land Survey
methods versus DGPS network solution
(for the same instant in time)

less than 3 metres average radial difference,
standard deviation less than 2 metres

Marine Magnetometer (if applicable):
As Required by Manufacturer

during mobilization

Speed Log (if applicable) Transducer Check:
Inspection by Diver (to clear marine
growth from transducer)

during mobilization (if not accessible
through gate valve) or at discretion of company

DGPS Positioning Verification — Land Survey
Methods versus each DGPS reference
station position (for the same instant in time)

less than 3 metres average radial difference,
standard deviation less than 2 metres

Accuracy of Known Points used for Land Survey
Comparison on WGS84 datum (if used)

+ 0.3 metres or better

Acoustic Doppler Current Profiler (if applicable)
Transducer Check: Inspection by Diver
(to clear marine growth from transducer)

during mobilization (if not accessible through gate
valve) or at discretion of company

Accuracy of Known Points used for Land Survey
Comparison on Local Datum (if used)

+ 0.3 metres or better

Accuracy of Land Survey Distance measurement

at least £ 0.2 metres

Results to be Available prior to commencement
of seismic acquisition

within 12 hours of commencement

Accuracy of Land Survey Direction measurement

at least £0.02 degrees

DGPS Positioning Verification - Integrity Check
Method versus DGPS network solution

less than 2 metres average radial difference,
standard deviation less than 2 metres

The company may request to be present at any or all of these checks, verifi-

DGPS Positioning Verification — Integrity Check
Method versus DGPS network solution Scatter Plot

tight plot around mean position

Secondary DGPS Positioning Verification (alongside)

same as Primary, or average radial difference
with Primary less than 3 metres

cations and calibrations.
36. Checks, Verifications and Calibrations of Positioning Systems
- During Acquisition
DGPS Positioning comparison of network solution with each DGPS

Reference Station for each line or part of a line

IGPS Positioning Verification — Land Survey
Methods versus each rGPS position
(for the same instant in time)

less than 3 metres average radial difference,
standard deviation less than 2 metres

DGPS Positioning - Primary versus Secondary

comparison for each line or part of a line

Laser Positioning Check: To Fixed Target onboard

daily or at discretion of company

rGPS Positioning Verification - Re-radiation Method
versus each rGPS unit

less than 1 metre average radial difference,
standard deviation less than 1 metre

Laser Positioning Check: via Post
Processed Comparisons

weekly

Laser Positioning Calibration: Distance
(for the same instant in time)

less than 2 metres, standard deviation less than
0.5 metres; absolute difference between obser-
vations in 2 directions less than 0.7 metres

Laser Positioning Distance Check versus rGPS

during deployment and recovery of streamer(s)
within 200 metres of stern

Laser Positioning Position Check versus
Acoustic Positioning

during deployment and recovery of streamer(s)
within 200 metres of stern

Laser Positioning Calibration: Direction
(for the same instant in time)

less than 2 degrees, standard deviation less than
0.2 degrees: absolute difference between obser-
vations in 2 directions less than 0.6 degrees

Streamer Compasses: Dynamic Biases
(for appropriate shot point interval consistent
with the method of calculation)

for each line or part of a line

Laser Positioning: Agreement with Previous Results

distance within 1.0 metres, direction within 0.4
degrees

Laser Positioning Check: To Fixed Target onboard

distance within 0.5 metres, direction within 0.2
degrees

Streamer Depth Sensors: Calibration Check

all replacements to be checked before deployment

Gyro Compass(es): Check On Line

for each line or part of a line

Laser Positioning Check: via Post Processed
Comparisons

distance within 0.7 metres, direction within 0.6
degrees

Gyro Compass(es): Check by Transit Bearings,
Sun Shots, or other methods

when appropriate

Laser Positioning: Distance Check versus rGPS
during deployment and recovery

less than 2 metres average radial difference

Speed of Sound in Water Column for Echo Sounder

weekly; changed when differs by 2 metre per sec-
ond or sooner if changes in sea conditions warrant

Laser Positioning: Position Check versus Acoustic
Positioning during deployment and recovery

less than 3 metres average radial difference

Speed of Sound in Water at Streamer Depth for
Acoustic Positioning

weekly; changed when differs by 2 metre per sec-
ond or sooner if changes in sea conditions warrant

Vessel Draught

weekly during calm sea conditions; changed when
differs by 0.5 metres.

Marine Gravity (if applicable):
As Required by Manufacturer

daily checks, including still readings during any
port calls

cations and calibrations.

The company may request to be present at any or all of these checks, verifi-

Positioning Systems - Timing

37. Post Survey Checks, Verifications and Calibrations of

Streamer Compasses: Verification by contractor

manufacture's preset (A, B and C) values should
be unaltered from the values derived during the
most recent manufactureris calibration

each static bias less than 0.5 degrees of either
sign, provided that for each compass the sign is
the same

each average static bias less than 0.5 degrees

20% tested forrollat + 5, + 10, and £ 15
degrees and pitch at £ 5 and £ 10 degrees; each
bias less than 0.85 degrees of either sign, provid-
ed that for each compass the sign is the same

Streamer Depth Sensors: Calibration on Deck

depth error less than 0.2 metres

DGPS Positioning Verification - Primary

at discretion of company

DGPS Positioning Verification - Secondary

at discretion of company

rGPS Positioning; Verification

at discretion of company

Gyro Compass(es): Calibration*

standard deviation less than 0.1 degrees;
absolute difference between observations in 2
directions less than 0.4 degrees

Laser Positioning: Calibration

period since previous verification greater than twice
period stated above, or at discretion of company

Accuracy of Azimuth Baseline used for Gyro
Compass(es) Calibration

+ 0.05 degrees
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38. Checks, Verifications and Calibrations of Positioning
Systems - Acceptable Results - continued

Gyro Compass(es) Calibration: Agreement with
Previous Results

Within 0.6 degrees

Echo Sounder Check: Lead Line Check
(taking into consideration possible debris alongside)

less than 0.5 metres between echo sounder and
lead line check

Echo Sounder Check: Bar Check

less than 0.3 metres between bar and echo
sounder

Marine Gravity (if applicable): Daily and Post Survey

as per manufacturers specifications

Marine Gravity (if applicable): Still Reading

similar results to previous, less than 1 mGal drift
per month since last reading

Marine Magnetometer (if applicable):
Connected to Test Module Sensor

less than 2 nT after at least 2 hours; read-
ings should drift over time

* If the gyro compass correction is larger than 1.5 degrees of either sign, con-
sideration could be given to slewing the gyro compass and repeating the

observations.

*

Inline shot to shot spikes over 2.5 metres should correlate with shot point
time interval spikes. Cross line spikes over 4 metres should be investigated
to ensure filtering parameters are set up correctly for the data, or any other
problems.

Post processed navigation data should be used in the acceptance or rejec-
tions of lines. This means that a line may be accepted in real time but subse-
quently rejected due to problems highlighted during processing.

41. Survey, Navigation and Positioning Misfire Criteria

DGPS Positioning: Primary and Secondary

any loss or unacceptable DGPS for both systems
simultaneously

Tailbuoy rGPS Positioning: Acceptable Number

falls below minimum

Sub Array rGPS or Front (Gun) Float rGPS
Positioning: Acceptable Number line

falls below minimum; rectified prior to start of next

Laser Positioning*

no data available, if operationally feasible rectified
prior to start of next line

Acoustic Positioning for One or More Steamers

A | no data available

- Acceptable On Line Results

39. Checks, Verifications and Calibrations of Positioning Systems

Streamer Compasses: Streamer Rejected

if on same streamer, 3 or more or any 2 adjacent
streamer compasses rejected

Echo Sounder

exceeds minimum downtime criteria

DGPS Positioning comparison of network solution
with each DGPS Reference Station for each line or
part of a line*

less than 3 metres average radial difference

less than + 2 metres difference in Eastings

less than + 2 metres difference in Northings

DGPS Positioning — Primary versus Secondary a

less than 3.5 metres average radial difference

Streamer Compasses: Dynamic Biases (for ap-
propriate shot point interval consistent with the
method of calculation)

less than 0.8 degree (1.2 degrees for front and
tail compasses) of either sign

Gyro Compass(es): Check On Line*

absolute difference between each gyro compass

for each line less than 1.0 degrees

* These checks could be used as quality control tools and not necessarily as

rejection criteria.

4 This should be a necessary condition when switching between the two sys-
tems when the primary DGPS temporarily fails. If this condition is not met,
production should cease until the DGPS positioning improves, and an expla-
nation is provided by the contractor to the satisfaction of the company.

40. Rejection Criteria - Acceptable Data for Each Line or Part of a Line

DGPS Positioning: Primary or Secondary

100 %

Shot Point Interval: Nominal (over any 200
shot point sliding window)

+ 1 % and not more than 7 consecutive shot points

Shot Point Interval: Mean*

nominal + 0.02 metres

Shot Point Interval: Standard Deviation

less than 2.0 % of nominal

IGPS Positioning

95 % and not more than 20 consecutive shot points

Laser Positioning

95 % and not more than 20 consecutive shot points

Acoustic Positioning for One or More
Streamers

loss for not more than 20 consecutive shot points

For each Front Acoustic Range

70 % of range data within a 3 metre window centered on

nominal range

Reflected Acoustic Ranges

5 % of total number of acoustic ranges in each acoustic
network

Streamer Compasses

95 % and not more than 20 consecutive shot points

*

Missing laser positioning (if used) data caused by fog, rain and sea condi-
tions should be considered beyond the control of the contractor. Redundancy
in the front network should take this into consideration if the these condi-
tions are expected regularly during the 3D survey.

Missing acoustic positioning data may be interpolated provided the vessel
was on a steady course, there were no significant feather changes (less than
2 degrees), and existing sea state allowed suitable interpolation to be car-
ried out at discretion of the company.

Continuation could be allowed depending on performance of supporting sys-
tems and redundancy during the line and at discretion of the company. Acquisition
could continue provided the following criteria are met for each system:

1

Loss of tailbuoy rGPS positioning - all other acoustic ranges in the tail net-
work {not including those to the unacceptable active tailbuoy(s)} should
be acceptable.

Loss of sub array rGPS positioning or of front (gun) float - reliable and con-
sistent laser and acoustic positioning data is available to position the affect-
ed centre of source(s).

iii Loss of acoustic positioning to sub array(s) - reliable and consistent rGPS

and laser positioning data is available to position the affected centre of
source(s).

iv Loss of laser positioning to the sub array(s) - reliable and consistent rGPS

and acoustic positioning data is available to position the affected centre of
source(s).

Loss of acoustic positioning for one or more streamers - there were no vari-
ations in the streamer feather angle(s), and there were no sudden heading
changes during the effected period.

For each Streamer Compass where one of
the following derived from the time series
plots or statistics may apply:

less than 0.8 degrees from best linear fit of data
over 250 metres either side of the event

average value less than 0.8 degrees from adjacent com
passes on same streamer

differences of the standard deviation (DSD or Dstd)
between adjacent compasses on the same streamer
less than 0.7 degrees

42. Survey, Navigation and Positioning Line Termination Criteria
Aline or part of a line should be terminated if the survey, navigation and positioning
misfire criteria in the preceding tables are not met for any one of the following sys-
tems for the number of consecutive shot points given below, unless continuation is
approved by the company.

DGPS Positioning: Primary and Secondary not more than 5 consecutive shot points

calculated dynamic bias unacceptable for 5 or more lines

or parts of lines in same direction

Tailbuoy rGPS Positioning not more than 20 consecutive shot points

Streamer Depth Sensors

not more than 10 consecutive shot points rejected

between any two adjacent sensors, or between the front

and tail of any streamer

Echo Sounder: Operational Downtime

more than 1 hour

Source Depth

not more than 10 consecutive shot points rejected

Marine Gravity (if applicable) if either:

horizontal accelerations in excess of 60,000 mGal peak

to peak on either axis

Sub Array IGPS Positioning not more than 20 consecutive shot points
Front (Gun) Float rGPS Positioning not more than 20 consecutive shot points
Laser Positioning not more than 20 consecutive shot points
Acoustic Positioning not more than 12 consecutive shot points
Streamer Compasses not more than 20 consecutive shot points
Gyro Compass not more than 20 consecutive shot points
Echo Sounder not more than 100 consecutive shot points

cross coupling readings in excess of + 20 mGal

Binning: On-Line not available for over 500 metres

Marine Magnetometer (if applicable)

greater than 10 nT peak to peak

Full Nominal Coverage less than 85 %

Network Adjustment: Variance Covariance
Matrix in Front Network

each attribute less than 5 metres for 95 % of shot points

in line or part of a line

Continuous Misfires (for same source) 8 or more of the shot points

Near Trace Radial Offset: Variation

less than 2 metres, unless such variations are a result
of tides and currents influencing the towing characteris
tics, or other physical causes

Misfires Over Consecutive Shot Points not more than 10 in 20 shot points

not more than 20 in 100 shot points

Misfires for Any Line or Part of a Line 4%

Misfires for Prospect 2%
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43. Interrupted Line Continuation

Shot Point Overlap for Start and End of Reshoot | 10 shot points (at no charge to company)

Minimum Reshoot Length active streamer length

Number of Edits in Any Line or Part of a Line maximum of 3 separate edits, cumulative total less
than 25 % of the complete planned line

Minimum Number of Segments per Line less than 20 km 2
20t0 35km 3
351050 km 4
greater than 50 km at discretion of company

Reshoots should be acquired in the same direction as the original lines unless
approved otherwise by the company. Infills should be also acquired in the same
direction as the original lines, except at swathe boundaries, unless approved

For each streamer, the tailbuoy misclosure angle should not be greater than
0.5 degrees. The tailbuoy misclosure angle is the derived angle from the head
of each streamer between the positioning solution for the streamer tailbuoy
(whether actively positioned or not) derived from offsets and the streamer com-
passes, and the tailbuoy rGPS position. The results for each streamer should
be sorted by line direction, and for averages over 0.3 degrees the magnetic vari-
ation should be further analyzed. Regardless of the line direction, the derived
magnetic declination from the tailbuoy misclosure angles should be of the same
algebraic sign, and should be consistent over a localized area (although some
differences may be observed in large prospects over volcanic strata).

47. Acceptahle Residuals

otherwise by the company. 1GPS Range to Front (Gun) Float(s) less than 1 metres
44, Required Statistical Testing Values for Network Solution 1GPS Bearing to Front (Gun) Float{s) less than 0.2 degrees
rGPS Range to Tailbuoy(s) less than 1 m (for 3000 m streamers,
Probability of Test (B) 20% rGPS Bearing to Tailbuoy(s) less than 0.3 degrees | pro-rated for other configurations)
Power of the Test (1 - ) 80% Tailbuoy In-Line Misclosure less than 3.0 metres
Level of Significance () for the W-test 1% Laser Positioning (if used): Range less than 0.7 metres
Level of Confidence (L- o) for the Wrest 99% Laser Positioning (if used): Direction less than 0.6 degrees
Acoustic Positioning: Ranges less than 0.5 metres
The calculation of the source and receiver group co-ordinates should be based Gyro Compass(es) less than 0.5 degrees
upon the least squares adjustment and include full statistical testing. The pre-

ferred testing method for all observables is by applying Baarda statistical test-
ing for outliner detection. The preferred processing approach is an integrated
adjustment whereby all observables are processed in one integral network
adjustment per event. Alternatively, processing may be based on a sequential
adjustment of partial networks.

48. Navigation Recording and Post Processing Parameters

TIME to be used for all data logging and reporting

STANDARD PORT with reference (for tidal information)

45, Suggested a priori Standard Deviations (10)

Survey, Navigation and Positioning Statistical Microsoft Excel® / Lotus 1-2-3°

Data Format (select software version and specify media) Media:
Format: Media: | Copy to:

Raw Navigation Data Format* UKOOA P2/91 Client

Number of Acquired Lines per Tape

Tape Naming Format: Raw i

Final Post Processed Data Format UKOOAP1/90 Client, Seismic
Processing
Contractor

Number of Post Processed Lines per Tape

Tape Naming Format: Post Processed A

Final Post Processed Data Available for On Line Binning within 12 hours of completion of a line or
Display partof aline

Final Post Processed Data Format for Vesse! Position Files ¥ |UKOOA P1/90 Client

Final Post Processed Data Format for Vessel Position Files UKOOA P1/90 Client
and Reduced Bathymetry (One header and all V and E records.)

Vessel Offsets and Baselines + 0.2 metres

Towed Offsets and Baselines + 0.5 metres

Vessel DGPS Positioning;: Easting + 3.5 metres

Vessel DGPS Positioning: Northing + 3.5 metres

rGPS Range to Front (Gun) Float(s) + 2.0 metres

rGPS Bearing to Front (Gun) Float(s) + 0.5 degrees

rGPS Range to Tailbuoy(s) + 3.0 metres (for 3000 m streamers, pro-Tated
IGPS Bearing to Tailbuoy(s) + 0.06 degrees for other configurations)
Laser Range + 0.8 metres

Laser Bearing + 1.0 degrees

Streamer Compasses + 0.8 degrees

Streamer Compasses: First and Last + 1.2 degrees

Acoustic Ranges + 1.0 metres + 1 % of the range

Gyro Compass(es) + 0.8 degrees

Course Made Good (if used) + 2.0 degrees

Final Post Processed Data Format for CMP data (Generally the | UKOOA P1/90 Client
position between centre source and the first record.)

The same or similar a priorivalues should be met, and should be used in order
to achieve the a posterior values required. Different contractor’s will use dif-
ferent values.

What is important is that the érelative{ weighting between the observations should
be correct. Based on the post processed results of the first 5 accepted lines, these
parameters should be either confirmed or reviewed to better fit the actual data
performance. The confirmed or updated parameters to be used for the post-
processing of all lines acquired during the survey, should be agreed in writing by
both the contractor and the company.

For each line or part of a line, the Unit Variance for each network should lie about
a value of 1 +0.3. However, since the observables are filtered and possible corre-
lations between them are disregarded, the Unit Variance may not be one. A pes-
simistic set of a priorivalues would reduce the Unit Variance value towards zero.
Itis preferable to concentrate on the consistency of the Unit Variance over the sur-
vey area, and over the line analyzed in particular. Peculiar variation(s) of the Unit
Variance from the average for the prospect should be systematically investigated.

46. Acceptable Network Comparisons with Calculated Offset Positions
Comparison between Network Solution Tolerance Acceptable Fixes For
and Positions Derived from Vessel Each Line or Part of
Offsets, Laybacks, and Streamer Compasses for: aline

Sources and Front Acoustic Sensors + 3 metres (radial) 95 %
Tail Acoustic Sensors + 7 metres (cross-line) 95 %
Tail Acoustic Sensors + 2 metres (inine) 95 %

Marine Gravity Data (if applicable): Standard digital Lacoste- | Lotus 1-2-3° Client, Gravity
Romberg Format Compatible Processing
Contractor
Marine Magnetometer (if applicable) Client
Acoustic Doppler Current Profiler (if applicable) Client

* Raw data only with no filtering or smoothing applied to the data.

4 The contractor may have a standard tape naming format which may
be suitable.

V' Generally with one header and all V records, although may be required
as all V records with individual headers.

The contractor should ensure that there are no discrepancies between the
survey, navigation and positioning logging and records, and the seismic acqui-
sition logging and records. All positioning data should be co-registered with all
other data in both time and sequence number formats in order to permit unam-
biguous correlation with the seismic record data. The contractor should ensure
that all positioning post-processing and co-registration with the seismic records
is completed onboard, unless agreed otherwise in writing with the company.

All raw data should be recorded to disk or other medium for all survey, navi-
gation and positioning systems. All records for one position fix should be
referred to the same instant in time (generally gun firing). Deskewing to the
time of gun firing should be carried out by means of extrapolation or inter-
polation from a consecutive number of samples. Proof of correct deskewing
technique will be required by the company.
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The most recent unfiltered time-tagged laser positioning data should be
available to the integrated navigation system. Old readings should be clearly

51. Final Navigation Deliverables - continued

identified and rejected from the network adjustment. LT D Copies | Within
Water Depth Map(s) corrected for draught, Yes/No | 1: 4 2 weeks
The contractor should provide, for each line or part of a line, a log showing the speed of sound and tides (select)
status of the positioning systems; any irregularities, changes or failures should Water Depth Contour Map(s) (select) Yes/No | 1: 4 2 weeks
be noted as they occur. These logs and quality control logs and time series plots Water Depth Contour Interval (select) Yes/No_| 10 metres
for every system and sensor used onboard should be included with the navi- Final Navigation Report n/a | Yes n/a 2weeks
gation data. (specify numbers of copies)
Copy of Report on diskette (select) Word® /
The company should be allowed to view all onscreen data and any hard Word-
copy outputs at any time. Copies of this information should be provided if _ _ perfect®
requeste d by the company. Maryne Gravity Data (if appllcgble) ‘ 2 1 month
e - - . Marine Magnetometer Data (if applicable) 1 2 weeks
49, Navigation Post Processing for Third Party Quality Control ‘Acoustic Doppler Current Profiler Data 1 5 weeks
Format: Media: Within: (if applicable)
Raw Navigation Data Format UKOOA P2/91 5 hours Spatial Plots (see next Table) Yes Ad and A3 4 by demob
Final Post Processed Data Format UKOOA P1/90 9 hours Field Navigation Tapes kept until seismic processing completed
g " P il B p Echo Sounder Trace Records included with observers logs for each line or part of line
Data should be avaﬂable, 1frequ1red, within the perlod speCIﬁed, from the com- On Line Navigation Printouts and Track Plots | kept until seismic processing completed

pletion of a line or part of a line, otherwise acquisition should cease. The time
period could also be specified relative to the expected acquisition time for
the typical line length of the survey.

Access should be provided to a separate contractor’s navigation work station
to allow the company representatives to inspect the raw and post processed
data for each line or part of a line at any time.

50. Survey, Navigation and Positioning Statistical Data Required for

Each Line

Line Name first and last shot point

Primary DGPS maximum HDOP, maximum PDOP, average HDOP, average computed height,
DGPS reference stations used

Secondary DGPS maximum HDOP, maximum PDOP, average HDOP, average computed height,
DGPS reference stations used
average difference comparisons with primary in Easting and Northing (or Along
and Across)

Laser positioning unacceptable data that was not used for complete line

Acoustic positioning | unacceptable data that was not used for complete line
Streamer compasses| unacceptable data that was not used for complete line, or shot point range of

Final deliverables should be provided within the petiod specified from the com-
pletion of the survey.

52. Required Spatial Plots
Different spatial plots are given under three separate topics.

Coverage Seismic Acquisition Positioning

Coverage plots without flexed binning | Indine misclosure for each dN: Primary v Secondary
Streamer DGPS

Coverage plots with flexed binning Average rotation angle forall | dE: Primary v Secondary
streamers DGPS

Count displays for all hits in each bin | Average feather angle for all Primary positioning sys

including any duplicates streamers tem height

Uniqueness offset coverage plots Contoured water depth Primary positioning PDOP

for each sub-ine

Centre source separation Primary positioning HDOP

Adjacent front streamer separations Secondary positioning PDOP

53. Required Navigation Personnel - Minimum Number and Minimum

Edits could be included in final P1/90 version provided that the procedure does
not adversely effect the integration of the navigation and seismic data during
seismic processing.

51. Final Navigation Deliverables

Film | Paper | Scales Copies | Within

Raw Navigation Data 1 2 weeks
Final Post Processed Navigation Data 2 2 weeks
Final Post Processed Data for Vessel Positions 1 2 weeks
Final Post Processed Data for CDP Positions 1 2 weeks
Shot Point Location Map (select) Yes/No | 1:25000 4 2 weeks
Plotting and Labeling Intervals 10 and 100

Shot Point Location Map (select) Yes/No | 1:50 000 4 2 weeks
Plotting and Labeling Intervals (metres) 50 and 500

Large Scale Antenna Position Maps (select) Yes/No | 1: 4 2 weeks
Large Scale Coverage Maps (select) Yes/No | 1. 4 2 weeks
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any streamer compass data which was not accept able for more than 20 shot Experience
points compass(es) which failed the calculated dynamic bias test Minimum Number Minimum Experience
Gyro Compass(es) | performance comment with regard to oscillations Chief Navigator 1 3years
] average difference comparisons with primary gyro compasses Shift Leader(s) 2 2 years
Echo Sounder speed of sound in water column used and observed Navigator(s) 2 1years
Fully Integrated results of statistical testing for whole network Navigation Data Processor(s) (if provided) 1 2 years
Networks results of statistical testing for each observable or observation type , L. —_
average unit variance, average degrees of freedom, average residuals for each The numbers and experience of the navigation personnel will differ from con-
observable tractor to contractor. Flexibility will be required by both the company and the
mparison of on-lin ffline results . . . ’
uallly Gl o contractor. The requirement being to ensure that the company is provided
average separations for sub-arrays, and centre of sources . -
average streamer front, middle (if used) and tail separations between each with competent contractor personnel, as well as the necessary opportunities
adjacent pair (e.g., between streamers 1 and 2, streamers 2 and 3, etc.) are provided for the contractoris personnel to gain experience
average angular tailbuoy misclosure (rotation) and average in-line and
cross-ine misclosures for each streamer
int i int | test ba i i . . . .
average shot pou?t interval, shot point |nterval es sg§ on distance and time 54. Navi g ation Data Shlpm ents Details
absolute error ellipses for selected CMP locations specified by the company
effect of undetected errors in the observations, of the size of the MDE (marginal — Addresses:
detectable error), for each observation on the CMP co-ordinates (6.8., external reliability) Raw Navigation Date.l Ta;?es
Shot Points all edits declared survey, navigation and positioning misfires, or seismic mis- Post Processed Navigation Data Tapes
fires, as well as any trace edits Maps and Reports

Marine Gravity Processing Contractor

Marine Magnetometer Processing Contractor

Caveat

The above suggested survey, navigation and positioning guidelines for
3D marine seismic survey specifications are considered by the author
to be practical or best practice values which should be achievable. As
much as possible all of the multitude of parameters involved have been
described, although that does not eliminate the possibility that some-
thing could have been overlooked. Also criteria which are relevant to
particular contractor systems have not been described. New devel-
opments and technological improvements may make some of the above



criteria redundant. Users of these guidelines may wish to vary any of
the values and other criteria suggested due to commercial and opera-
tional considerations, and via negotiations to clarify or re-define pos-
sibly problematic criteria.
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- assisting in the development of hydrographic sciences in devel-
oping countries.

It is the only national hydrographic organization in Canada. It
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opment in these disciplines;

- enable you to develop and maintain contacts with others
involved with hydrography, nationally and internationally.

These benefits are provided through the publication of Lighthouse
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Comparaison de I'altitude GPS d’un navire
avec des données marémetriques

Stéphanie Michaud, Rock Santerre et Alfonso Condal

Introduction

Le systéme de positionnement GPS (Global Positioning System) et
les nouveaux algorithmes de traitements de mesures de phase perme-
ttent d’atteindre des précisions centimétriques dans le position-
nement tridimensionnel de navire, et ce méme en mode cinématique
et sur des distances de plusieurs dizaines de kilométres. Les tech-
niques de résolution d’ambiguités de phase OTF (On-The-Fly) sans ini-
tialisation sur des points géodésiques connus, et méme lorsque le véhicule
est en mouvement, permettent le positionnement précis de navires sans
trop de difficultés techniques. Cette nouvelle approche permet de réalis-
er des travaux et des expérimentations a peine imaginable il y a quelques
années. Une de ces expérimentations est la comparaison de l'altitude
d'un navire, déterminée avec la technique GPS-OTF, avec des données
du niveau de I'eau mesuré par des marémeétres. Cette étude est réalis-
able puisque la précision du positionnement GPS est maintenant com-
parable a celle des données marémétriques.

Plus spécifiquement, les profils verticaux d'un navire de sondage de la
Garde cotiére canadienne ont été comparés aux données de marées
provenant de marémetres du réseau SINECO (Systéme d'Information
sur les Niveaux des Eaux Cotieres et Océaniques) déployé le long du
fleuve Saint-Laurent. Pour qu'une telle comparaison soit valide, plusieurs
facteurs doivent étre pris en considération. A savoir, la conversion entre
les surfaces de référence verticales, linterpolation spatiale et temporelle
des données des marémétres afin de correspondre aux temps et aux
positions GPS, la réduction de la hauteur de l'antenne GPS du navire
4 la hauteur de la ligne de flottaison (dans laquelle intervient leffet du
squai). Cependant, les phénomenes hydrodynamiques particuliers causés
par exemple par des rapides (fortes pentes de la surface de I'eau) ou par
la dépression du niveau de l'eau (particuliérement lors de la marée bais-
sante) dans un chenal étroit et profond soumis & de forts courants, ne
sont pas perceptibles par les marémétres habituellement installés pres
des rives (hors des chenaux de navigation). Ce qui fait en sorte que
méme les méthodes dinterpolation spatiale les plus sophistiquées ne
peuvent révéler ces phénomenes. Il en sera également discuté dans
cet article.

Plus en détails, la section 2 décrit les secteurs de sondage ot les com-
paraisons ont été effectuées, de méme que les données GPS et
marémétriques utilisées. La section 3 présente la démarche scien-
tifique utilisée afin de réaliser la comparaison des données GPS et
marémétriques. Enfin, les résultats tirés de la comparaison sont présen-
tés et analysés a la section 4.

Description des données
utilisées et de secteurs des tests (2)

Données GPS

Les données GPS proviennent d'une étude de 'approche GPS-OTF réal-
isée pour la Garde cotiere canadienne (GCC). Celle-ci est décrite plus
en détail dans Marceau et al. [1996]. Les essais effectués sur le fleuve St-
Laurent se sont déroulés sur trois jours et dans deux secteurs différents,
soit & Trois-Rivires les 17 et 18 octobre 1995 et prés de Neuville le 19
octobre 1995 (correspondant aux jours 290 4 292 de f'année 1995). Seules
les données correspondant aux 17 et 19 octobre 1995 ont été utilisées
pour cet article. La station de référence GPS associée a chaque secteur
était placée sur un point géodésique préexistant et situé & moins de 5 km
des levés bathymétriques. Pour chaque jour, des données GPS ont été
recueillies pendant environ six heures et demie avec un taux d’échantil-
lonnage d'une seconde. Avec I'approche OTF, la précision obtenue en
planimétrie était meilleure que 5 cm, typiquement les valeurs oscillaient
de £2 4 £3 cm. En altimétrie, la précision était meilleure que 10 cm,
typiquement les valeurs étaient de 5 cm, apres le lissage des altitudes
avec un polyndme d'ordre 4 sur une période de 2 minutes afin d’amoin-
drir le bruit. Léquipement déployé de méme que les étapes de calculs et
les algorithmes OTF utilisés sont décrits dans Marceau et al. [1996].

Un bateau de sondage de la GCC, le GCO03, faisait de courts allers-
retours dans le méme secteur. Ce bateau, de type catamaran, mesure
environ 18 m de longueur, 6 m de largeur, et son tirant d'eau est d’en-
viron 1,5 m (figure 4). Lalongueur des lignes de sondage était d’envi-
ron 1,5 km dans le secteur de Trois-Riviéres et d’environ 3 km dans celui
de Neuville, et la largeur des deux secteurs était d’environ 100 m. On
peut voir a la figure 1, entre autres, l'emplacement des secteurs de sondage
et des stations de référence GPS. Le fait que I'antenne GPS soit sur
un bateau en marche complique I'analyse, comparativement & une
antenne fixée sur une bouée [Del.oach et al. 1995]. En effet, il faut tenir
compte de facteurs supplémentaires comme le squat (enfoncement du
navire principalement fonction de sa vitesse), l'imprécision de la dis-
tance verticale entre I'antenne qui est fixée sur le méat et la ligne de
flottaison lorsque le bateau est au repos, et l'enfoncement (variable) du
bateau en fonction de son poids (la réserve de carburant et le charge-
ment sont deux parameétres qui provoquent cette variation). A noter
que l'enfoncement du GCO3 peut varier de 6 cm si le réservoir de car-
burant est plein ou vide. Lors des journées des tests, la surface du fleuve
était calme de sorte qu'il y avait peu ou pas de houle et que le roulis et
le tangage du bateau étaient aussi négligeables.
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Figure 1 : Emplacement des secteurs de sondage, des stations de
référence GPS et des marémeétres SINECO utilisés.

Plusieurs raisons expliquent le choix de ces deux secteurs par la
GCC. Les caractéristiques particulieres des deux sites sont, d’abord,
qu'ils sont tous les deux situés dans la voie navigable du fleuve Saint-
Laurent. Ensuite, le site de Trois-Riviéres est propice & lanalyse du squat
car lamarée y est négligeable, la pente de la surface du fleuve y est faible,
et il ne s’y produit pas de phénoméne hydrodynamique particulier.
Quant au site de Neuville, il est sujet & une grande marée, le chenal y
est étroit, et la pente de la surface du fleuve et les courants y sont par-
ticulierement forts. Les figures 2 et 3 montrent la position planimétrique
du bateau en fonction du temps (les levés ont une durée de plus de 6
heures) pour chacun des 2 sites de sondage. On peut facilement y
apprécier la multitude d'allers-retours effectués dans chacun des secteurs,
de méme que les quelques irrégularités dans la trajectoire. Les temps
ajoutés aux extrémités des allers et retours représentent les époques ot
le bateau effectue un virage (changement d’azimut et réduction de la
vitesse du bateau).

Données SINECO

Les données de marées qui sont comparées aux profils verticaux GPS
du navire proviennent de marémetres qui composent le réseau SINECO
(Systéme d'Information sur les Niveaux des Eaux Cotieres et Océaniques).
Ce réseau est géré par le Service hydrographique du Canada (SHC). On
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Figure 2 : Position du bateau en coordonnées MTM zone 8 en fonction

du temps (secteur de Trois-Riviéres).
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peut consulter le document du SHC [1994] pour plus de détails. Le
réseau est composé de 16 marémétres numériques (stations permanentes)
de type TMS-1000 qui ont été implantés graduellement depuis 1991 le
long du fleuve St-Laurent. IIs fournissent de l'information sur les marées,
ce qui permet notamment de connaitre le niveau d’eau périodiquement
alemplacement d'un marémétre. Un marémétre permet lenregistrement
simultané et de facon indépendante d’un niveau d’eau par chacun de
ses trois capteurs, a intervalles de 15 minutes, et de certaines caractéris-
tiques physiques du milieu (par exemple la salinité, la température de
l'eau, la pression). Toutes ces données enregistrées entrent dans le calcul
de la hauteur du niveau d'eau. La précision que 'on peut atteindre, dans
des conditions idéales, sur la mesure du niveau d’eau est d'environ £3
cm. Parmi les aspects opérationnels et facteurs naturels qui viennent
dégrader cette précision, on peut mentionner le processus d'intégration
du niveau d'eau qui a pour effet d’éliminer partiellement Peffet des vagues,
et la non-homogénéité de la température de la colonne d'eau.

Le niveau d’eau enregistré est ensuite rapporté au zéro des cartes, sur-
face de référence a partir de laquelle les cotes bathymétriques sont
établies. Pour ce faire, on détermine les paramétres de réduction du
niveau d'eau au zéro des cartes d’'un marémétre en utilisant les repéres
de nivellement situés & proximité de la station et dont altitude est con-
nue par rapport au zéro des cartes et au niveau moyen des mers.

Pour effectuer la comparaison des altitudes GPS et des hauteurs de marée
des stations SINECO, la méthode d'interpolation spatiale Voronoi (sec-
tion Interpolation temporelle des données SINECO) a été utilisée. Cette
méthode requiert un minimum de 3 stations SINECQO, englobant chaque
secteur de sondage. De préférence, les caractéristiques maréales des sites
des marémétres doivent étre homogenes et représentatives de celles
du secteur ot l'interpolation sera effectuée. De fait, les stations Bécancour,
Trois-Rivieres, et Lac St-Pierre ont été retenues pour la comparaison dans
le secteur de Trois-Riviéres, et les stations Lauzon, Neuville, et Portneuf

~ pour celle du secteur de Neuville. Ces stations SINECO sont aussi

représentées a la figure L.
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Figure 3 : Position du bateau en coordonnées MTM zone 7 en fonction
du temps (secteur de Neuville).



Description de la méthodologie (3)

Comme mentionné précédemment, le but de 'étude est de com-
parer les altitudes GPS d’un navire avec les hauteurs de la marée
obtenues de marémétres du réseau SINECO. Cependant, on pos-
séde des données GPS & chaque seconde et des données de marée
a chaque 15 minutes pour chaque station SINECO. En premier lieu,
les données marémétriques ont été interpolées temporellement a
toutes les minutes. Ensuite, les données GPS dont le temps coin-
cide avec les données interpolées, c'est-a-dire les altitudes GPS a la
minute juste et les coordonnées planimétriques qui y correspondent,
ont été extraites. Un intervalle d'une minute a été adopté car il per-
met d’avoir une bonne quantité de données & comparer avec les alti-
tudes GPS et que la marée varie peu a l'intérieur d’'une minute. De
ces altitudes de I'antenne GPS du navire, il faut soustraire une con-
stante de 11,27 métres (connue & £5 cm) qui correspond a la dif-
férence de hauteur entre 'antenne GPS et la ligne de flottaison du
bateau quand il est au
repos (figure 4). De plus,
lorsque le bateau se
déplace, cette différence
de hauteur diminue a
cause du squat (dont il
sera discuté a la section
Effect du squat du
navire). A la suite de

Figure 4 : Navire GCO3 utilisé lors des sondages
(la différence de hauteur entre I’antenne
GPS et la ligne de flottaison du bateau est de
11,27 m). Photographie: courtoisie de la Garde
cotiére canadienne-Région des Laurentides.

cette opération, le niveau
d’eau mesuré par le
récepteur GPS par rap-
port a lellipsoide de
référence WG S-84 (qui est & toutes fins pratiques compatible avec
le NAD-83) est obtenu. Pour connaitre le niveau d’eau aux stations
SINECO par rapport & la méme surface de référence verticale que
les altitudes GPS, il faut les réduire du zéro des cartes au géoide, puis
a lellipsoide de référence. Ensuite, puisque les données de marée
sont prises & des endroits spécifiques le long des rives, il faut inter-
poler la hauteur de la marée & chaque position planimétrique du
navire. Finalement, pour fin de comparaison, les différences entre
les altitudes GPS et les hauteurs de la marée interpolées spatialement
et temporellement & chaque minute sont calculées.

Interpolation temporelle des données SINECO

Puisque des données étaient manquantes & cettaines époques (aux
15 minutes) pour les stations SINECO de Trois-Riviéres et du Lac
St-Pierre, il a d’abord fallu interpoler ces valeurs manquantes. En
effet, celles-ci ne pouvaient étre remplacées par les prédictions ou les
prévisions du Service hydrographique du Canada car elles étaient
aussi manquantes dans les fichiers qui étaient & notre disposition.
Linterpolation temporelle a été effectuée en utilisant une régression

polyndmiale des points représentant la courbe de niveau d’eau (par
rapport au zéro des cartes) de chaque station. Dans le cas présent,
il a été possible d'utiliser un polynéme parce qu'il s’agit d’une petite
section dans le temps (1 & 2 heures) de la marée relativement facile
amodéliser. Chaque station a été analysée de facon indépendante,
et quelques polyndmes d’ordres différents (1 & 6) ont été comparés.
Les résiduelles étaient calculées en soustrayant les données SINECO
de celles obtenues avec le polynéme. Le polyndme retenu était celui
dont la somme des carrés des résiduelles était la plus faible et dont
la valeur des résiduelles autour des points manquants était la plus
prés de zéro pour une somme des carrés des résiduelles semblable.
1l est important de souligner que seules les valeurs manquantes déter-
minées avec chaque polyndme retenu ont été ajoutées aux valeurs
existantes, et que les résiduelles calculées étaient toujours meilleures
que 1 cm, donc a l'intérieur de la précision des données SINECO.

11 était ensuite possible de faire 'interpolation a chaque minute pour
chaque station. Cette interpolation s’est effectuée en estimant chaque
courbe de marée par une spline cubique. En fait, quand on utilise
cette méthode d'interpolation, c’est comme si la courbe était divisée
en plusieurs parties et qu'on utilisait un polyndme distinct d’ordre
trois pour estimer chaque partie. La fonction qui décrit la courbe est
donc composée d'autant de polynémes qu'il y a de sous-intervalles
créés. Un des avantages reliés a I'utilisation de cette méthode est que
les données utilisées pour I'interpolation sont conservées intégrale-
ment, contrairement a ce qui se passe avec la régression polynomi-
ale mentionnée précédemment. La précision de cette interpolation
par spline cubique est estimée & +1 cm.

Interpolation spatiale des données SINECO

La méthode d'interpolation utilisée est celle de Voronoi. Il s'agit d'une
méthode géométrique orientée-objet et simple d'utilisation. Elle est
bien décrite dans Gold [1989]. En résumé, on peut dire que cette
méthode se base sur la structure de données Voronoi (structure
matricielle) qui est composée de tuiles irréguliéres associées chacune
aun objet de lespace, ici la grandeur de la marée & une station SINECO
a une époque donnée. La tuile associée & un objet est la partie de l'e-
space qui est située le plus prés de cet objet que de tout autre. Cette
structure se construit en effectuant d’abord, & partir d'un ensemble
de points-échantillon dont la caractéristique qui nous intéresse est
connue, une triangulation qui utilise I'algorithme de Delaunay, puis
en tracant les médiatrices de chacun des cotés et en les coupant
aux intersections. Le point dont on veut interpoler la caractéristique
est le point-requéte. Lorsque celui-ci est inséré dans la structure, il
vole une partie de I'aire des tuiles voisines déja existantes afin d’avoir
sa propre tuile. La valeur de la caractéristique interpolée sera calculée
comme une moyenne pondérée dont le poids associé & chaque point-
échantillon est fonction de l'aire volée par la nouvelle tuile &
chaque tuile voisine par rapport a 'aire totale volée par son insertion
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dans la structure. La somme des poids sera donc égale a 1. Les points-
échantillon mentionnés sont en fait les stations SINECO dont la hau-
teur de la marée est connue par rapport & lellipsoide, et les positions
planimétriques GPS auxquelles les données de marée doivent étre
interpolées constituent les points-requéte puisque l'on cherche a con-
naitre la hauteur de la marée a ces positions. La méthode d'inter-
polation Voronoi est une méthode exacte car elle conserve la valeur
des données de départ. Elle ne posséde par contre pas de moyen
intrinséque pour étre validée, ce qui constitue son principal incon-
vénient. Les moyens qui ont été employés pour la valider sont décrits
plus loin. Le programme informatique Voronoi utilisé a été modi-
fié pour nos besoins.

Linterpolation Voronoi a été faite avec des valeurs de marées rap-
portées a l'ellipsoide de référence. La raison pour laquelle cette
surface de référence a été utilisée est qu'il s'agit d’une surface décrite
mathématiquement qui sera adoptée dans le futur comme surface
de référence verticale continue (Seamless Vertical Reference Surface)
pour tous les travaux hydrographiques [O'Reilly et al., 1996]. De
plus, il s'agit de la surface de référence du positionnement GPS. Pour
y réduire les données marémétriques SINECO, dont la surface de
référence était initialement le zéro des cartes (ZC), il a d'abord fallu
les réduire au géoide (qui correspond a toutes fins pratiques au niveau
moyen des mers NMM) a l'aide des altitudes de repéres altimétriques
situés a proximité des stations SINECO et connues par rapport a
ces deux surfaces [Labrecque, 1997]. Ensuite, la réduction a lellip-
soide sest faite en interpolant la valeur d'ondulation du géoide (N)
a partir de la table des ondulations du géoide MtlQue96 (Montréal-
Québec 1996) calculée par les Levés géodésiques du Canada. La pré-
cision de la conversion entre ces surfaces de référence verticales est
estimée 3 environ *3 cm, dans les 2 secteurs de sondage de cette
étude. Les valeurs utilisées pour ces réductions sont rapportées au
tableau 1.

Pour valider l'interpolation spatiale, une méthode différente a été
appliquée pour chaque secteur de sondage. Pour celui de Trois-
Riviéres, les données interpolées ont été comparées directement avec
les données du marémétre de Trois-Rivieres, et aucune différence sig-
nificative n'a été notée. On pouvait procéder ainsi car le secteur de
sondage était situé juste en face du port de Trois-Riviéres, & moins de
1 km. En ce qui concerne le secteur de sondage de Neuville, il était
impossible de comparer directement les hauteurs de marée inter-
polées avec celles mesurées a la station SINECO de Neuville car la
hauteur de marée est différente a ces deux endroits au méme moment
vu la distance qui les sépare (de 7 a 10 km) et 'amplitude de la marée
dans ce secteur. Linterpolation Voronoi a été utilisée pour inter-
poler la hauteur de la marée a la station SINECO de Québec (située
sur la rive opposée de la station de Lauzon) a partir des données
des stations de Lauzon, de Neuville, et de Portneuf. Ces valeurs
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Tableau 1 : Différence d’altitude des repéres de nivellement (RN) entre le zéro
des cartes (ZC) et le niveau moyen des mers (NMM), situés a proximité des
stations SINECO, et ondulations du géoide (N) aux positions des repéres de
nivellement.

Station SINECO RN de référence ZC N
-NMM | (MtiQue96)

Numéro Nom Nom Matricule | (m) (m)
3353 Bécancour | BECAN-1972| 7223041 | 2,59 | -30,16
3360 | Trois-Riviéres | 3RIV-3-1958 | 589043 | 2,97 | -30,46
15975 | Lac StPierre 87L9000 | 3,40 | -31,13
3250 Lauzon 3162 5oL3162 | 1,96 | 27,99
3280 Neuville NEUV-1-1958| 58L9048 | -1,38 | -28,61
3300 Portneuf 79L006 | -1,13 | -28,99

ont ensuite été soustraites aux données SINECO de la station de
Québec. La moyenne des différences était de 6,0 cm avec un écart-
type de £2,7 cm. Il a été assumé (voir tableau 2) que l'erreur d'in-
terpolation dans le secteur de Neuville est sensiblement la méme que
celle évaluée a la station de Québec.

Effet du squat du navire

Le squat, cet enfoncement supplémentaire du bateau en fonction de
sa vitesse par rapport a la surface de I'eau (vitesse surface), de la
profondeur du chenal et de plusieurs autres facteurs (tels que la largeur
du chenal, la largeur et la forme de la coque du navire), a été mod-
élisé approximativement afin que son effet soit en grande partie élim-
iné dans la comparaison. Dans le cas présent, le facteur déterminant
était la vitesse surface du navire. Puisque seul le vecteur vitesse par
rapport au sol (vitesse fond) était mesuré avec le GPS, le vecteur
vitesse surface a été obtenu en calculant la différence vectorielle entre
la vitesse fond et la vitesse du courant pour chaque secteur de sondage.
La direction et la magnitude de la vitesse du courant ont été extraites

“de l'Atlas des courants de marée - Estuaire du Saint-Laurent, du cap

de Bon-Désir & Trois-Riviéres [1997], aprés avoir décomposé chaque
jour de sondage en plusieurs plages de temps qui correspondent a
celles qui se trouvent dans 'Atlas. La précision de la vitesse surface
est estimée & 20,7 m/s, cette valeur étant principalement influencée
par limprécision du vecteur vitesse du courant,

Normalement, le squat est proportionnel au carré de la vitesse sur-
face [Morse et al,, 1996]. Les autres facteurs étant considérés comme
constants pour les deux jours de levés, ils ont pu étre regroupés dans
le méme coefficient a estimer. Pour les raisons mentionnées dans la
description des données GPS, ce sont les données reliées au secteur
de Trois-Rivieres qui ont servi & la modélisation du squat. La relation
suivante a été modélisée & partir des différences entre les altitudes
GPS et la marée interpolée en fonction de la vitesse surface du bateau:

§=0,0024 x V* (1)



Tableau 2: Ordre de grandeur des différentes erreurs influencant la précision
de la comparaison des altitudes GPS et des données marémétriques.

Facteurs Ordre de grandeur de I'imprécision (cm)
Données altimétriques GPS 15
Données SINECO 13
Interpolation temporelle 1
Interpolation spatiale Trois-Rivieres: négligeable
Neuville: 16
Evaluation du squat +3
Attitude du bateau et houle négligeable lors des tests
Distance verticale
antenne-ligne de flottaison 15
Enfoncement supplémentaire
du bateau di a son poids 13
Conversion entre surfaces de
référence verticales 13
Total Trois-Rivieres: 19
Neuville: 111

ou S est le squat en metres et V est la vitesse surface du bateau en
meétres par seconde. Par exemple, le squatest d'environ 14 cm quand
la vitesse surface est de 7,5 m/s, de 2 cm & 3 m/s, et nul quand la
vitesse surface est nulle. En tenant compte de la précision du coef-
ficient estimé (+£0,0001 s*/m) et de celle de la vitesse surface, il a été
possible de déterminer la précision de I'évaluation du squatlorsque
la vitesse surface du bateau est de 7,5 m/s (vitesse surface maxi-
male qui a été atteinte), soit £3 cm. Par la suite, le modéle de I'équa-
tion (1) a été appliqué aux différences entre les altitudes GPS et la
marée interpolée pour éliminer leffet du squaz, et ce pour les 2 secteurs
de sondage. Lélimination du squat permet de considérer que la dis-
tance verticale entre 'antenne GPS et la ligne de flottaison du bateau
en mouvement est la méme que lorsque le bateau est au repos.

Résumé des erreurs influencant la précision de la com-
paraison

Le résumé et I'ordre de grandeur des différentes erreurs influ-
encant la précision de la comparaison entre les altitudes GPS du
navire et les données marémétriques sont présentés au tableau 2. A
noter que ces précisions sont spécifiques aux données, au bateau,
et a la méthodologie utilisés dans ce projet.

Lerreur totale est d’environ £10 cm pour les 2 secteurs. Si l'ordre de
grandeur de ces erreurs est réaliste, les différences de la comparaison
(de la section 4) entre les profils verticaux du navire mesurés par GPS
et le niveau de 'eau obtenu des données SINECO ne devraient pas
excéder la magnitude de l'erreur totale. A noter que ce budget
d'erreur ne tient pas compte de I'influence des phénomeénes hydro-
dynamiques particuliers au secteur de Neuville.

Comparaison de I'altitude GPS avec les don-
nées marémétriques (4)

Secteur de Trois-Riviéres

Comme mentionné précédemment, ce secteur est caractérisé par
une marée trés faible (variation d’a peine 15 cm lors du sondage), la
pente de la surface du fleuve n'y est pas trés accentuée et aucun
phénomeéne hydrodynamique ne s’y produit. La figure 5 montre
laltitude de l'antenne GPS rapportée a la ligne de flottaison du bateau
et les données de marée de la station SINECQ de Trois-Riviéres rap-
portées a lellipsoide de référence. Les données des autres stations
SINECO (Bécancour et Lac St-Pierre) ont trés peu contribué &
l'interpolation spatiale. On peut voir 4 la figure 6 les deux courbes
de différences entre les altitudes GPS et les hauteurs de marée de la
station SINECO de Trois-Riviéres, soit avant (avec squard) et aprés
(sans squad) que le squateut été éliminé (avec le modele de Iéqua-
tion 1), de méme que la vitesse surface & laquelle le bateau se déplacait.

Figure 5 : Comparaison, par rapport a I'ellipsoide, des altitudes GPS et des hauteurs de marée de la station SINECO de Trois-Riviéres (secteur de

Trois-Riviéres).
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Figure 6 : Différence entre les altitudes GPS et les hauteurs de marée de la station SINECO de Trois-
Riviéres, avec et sans squat, et vitesse surface du bateau (secteur de Trois-Riviéres).
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Tableau 3 : Différence entre les altitudes GPS et les hauteurs de marée de la station SINECO de Trois-

Riviéres (secteur de Trois-Riviéres).

Différence GPS - marée
Moyenne (cm) 9,4
avec squat Ecarttype par rapport & la moyenne (cm) 12,9
Ecart-type par rapport & z&ro (cm) 9,9
Moyenne (cm -7,0
sans squat Ecart-type par rapport & la moyenne (cm) 12,2
Ecart-type par rapport & z&ro (cm 17,3

Figure 7 : Comparaison, par rapport a I'ellipsoide, des altitudes GPS et des hauteurs de marée aux sta-
tions SINECO, et de celles interpolées avec Voronoi (secteur de Neuville).
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Figure 8 : Différence entre les altitudes GPS et les hauteurs de marée interpolées avec Voronoi, avec et
sans squat, et vitesse surface du bateau (secteur de Neuvilie).
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Le tableau 3 résume les résultats tirés des
deux courbes de différences.

On peut voir que le fait d’éliminer le squat
des données a abaissé la moyenne de prés de
2,5 cm, de méme que Pécart-type qui est passé
de+2,9 cm & +2,2 cm. Par contre, une erreur
systématique de -7 cm est présente dans les
résultats. Celle-ci pourrait étre reliée entre
autres a la détermination de la distance
verticale entre 'antenne GPS et la ligne
de flottaison du bateau, de méme qu’a la
réduction entre les surfaces de référence ver-
ticales. Malgré tout, les écarts demeurent &
I'intérieur du budget d'erreur totale rapportée
au tableau 2.

Secteur de Neuville

Le secteur de Neuville posséde des carac-
téristiques particulieres déja mentionnées
dans la description des sites (section Données
GPS): 'amplitude de la marée y est assez
grande (variation d’environ 2,5 m lors du
sondage, voir figure 7), la pente de la surface
du fleuve y est trés accentuée (35 cm sur 3000
m [Marceau et al., 1996]), le chenal est plutot
étroit (environ 250 m [SHC, 1997]) et peu
profond (10,7 m), et les courants sont plus
forts dans le chenal (jusqu’a 3-4 noeuds [SHC,
1997]) que hors du chenal. La figure 7 mon-
tre l'altitude de 'antenne GPS rapportée a la
ligne de flottaison du bateau, les données de
marée des trois stations SINECO qui ont
contribué a l'interpolation spatiale, et les résul-
tats de l'interpolation Voronoi. Linterpolation
Voronoi a été significativement efficace.
Comme on peut le constater, les valeurs inter-
polées épousent extrémement mieux les don-
nées GPS que les données SINECO recueillies
a chacun des trois sites les plus prés du secteur
de sondage. De plus, en comparant les temps
avec la figure 3, on peut constater que les
paliers réguliers formés par le profil des alti-
tudes GPS correspondent aux allers et retours
que le bateau a effectués.

Les différences calculées avec et sans le squa,
de méme que la vitesse surface de déplace-
ment du bateau, sont présentées a la figure 8.



Tableau 4: Différence entre les altitudes GPS et les hauteurs de marée inter-
polées avec Voronoi (secteur de Neuville).

Différence GPS-marée interpolée Total [Perdant {Montant

Moyenne (cm) 56| 91 | 31

avec squat Ecart—type par rapport a la moyenne (cm) | £7,1| 8,5 | 4,5

Ecart—type par rapport a zéro (cm) 91| £12,5| 45,5

Moyenne (cm) 05| 26 | 11

sans squat Ecart—type par rapport a la moyenne (cm) | £7,3| 19,2 | 5,2

Ecart-type par rapport & zéro (cm) 17,41 +9,5 | 45,3

Les courbes de différences ont été analysées dans leur ensembile, puis
en séparant les données qui coincident avec le temps ol la marée
baisse (perdant) d’avec celles ot la marée monte (montant). On peut
observer 4 la figure 8 que la correction de leffet du squat a été plus
grande dans la partie du levé correspondant au perdant et au
début du montant de la marée, quand le bateau se déplace & contre-
courant, car la vitesse surface y est plus grande. En sens inverse, le
courant est assez fort pour déplacer seul le bateau, donc la vitesse
surface est presque nulle. On peut également voir que la direction
de déplacement ol1il y des corrections pour l'effet du squat est inver-
sée en méme temps que le courant est inversé, soit dans la deuxiéme
partie du montant. De plus, la vitesse surface maximale est plus faible
car elle varie en fonction du courant qui est aussi plus faible. Le

tableau 4 résume les résultats tirés des deux courbes de différences.

Comme espéré, I'élimination du squata abaissé la valeur absolue de
la moyenne des différences et la fait tendre vers zéro. Cependant, I'é-
cart-type par rapport & la moyenne est resté sensiblement le méme,
soit environ 7 cm. La valeur moyenne des différences (sans
squat) pour 'ensemble des données (colonne: Total), -0,5 cm, est un
hasard, puisque les différences positives et négatives se sont annulées
presque tout au long de la courbe. Lécart-type par rapport a la
moyenne de l'ensemble des données (sans squad) est de £7,3 cm, une
valeur 3 fois plus élevée que celle obtenue dans le secteur de Trois-
Rivieres. Cette plus grande valeur provient essentiellement des dif-
férences plus élevées au perdant et au début du montant (avant que
le courant soit totalement inversé). Comme illustré 4 la figure 8, ces
différences peuvent atteindre une valeur de -20 cm. Ceci s'explique
par le fait que la méthode d'interpolation qui s'appuie sur les mesures
des marémetres situés prés des rives (hors du chenal) ne peut pas
bien modéliser la marée, surtout a la fin du perdant, & cause de
phénomeénes hydrodynamiques particuliérement importants dans le
secteur de Neuville. En effet, & cet endroit la pente de la surface du
fleuve et le courant y sont forts, de plus, au perdant, l'eau se retire
plus rapidement dans le chenal, ce qui cause une dépression de la

surface de l'eau par rapport aux rives. Dans la partie des données cor-

respondant au montant, les différences maximales dépassent légére-
ment 10 cm. Finalement, notons que les pics positifs des différences
de hauteur (figure 8) se produisent lorsque le navire atteint l'extrémité
ouest des lignes de sondage (figure 3) et que les pics négatifs des
différences de hauteur se produisent lorsque le navire atteint I'ex-
trémité est des lignes. Ceci pourrait étre explicable par l'erreur d'in-
terpolation spatiale ou la décorrélation spatiale de l'effet de phénomeénes
hydrodynamiques. Des tests et des études supplémentaires devront
étre effectués afin de confirmer ou d'infirmer cette hypothése.

Conclusions

La précision centimétrique du positionnement GPS avec la méthode
OTF rend maintenant réalisable la comparaison des profils verticaux
d’'un navire avec des données marémétriques. Afin que la com-
paraison soit valable, une méthodologie appropriée doit tenir compte
de la conversion entre les surfaces de référence verticales, de l'inter-
polation spatiale et temporelle des données des marémeétres afin de
correspondre aux temps et aux positions GPS, et de la réduction
de la hauteur de 'antenne GPS du navire a la hauteur de la ligne de
flottaison (dans laquelle intervient leffet du squad. Par exemple, pour
la vitesse surface moyenne du navire de 5 m/s, lors des tests présen-

tés dans cet article, l'effet du squat a une valeur d’environ 6 cm.

Décart-type par rapport a zéro des différences entre la hauteur du
niveau de 'eau mesurée par des marémétres et celle obtenue de pro-
fils verticaux GPS d'un navire (sans squat) était d’au plus *7 cm, pour
le secteur de Trois-Riviéres et le secteur de Neuville lors du montant
de la marée, c’est-a-dire aux endroits et aux moments oll aucun
phénomeme hydrodynamique particulier ne se produit. Dans cette
situation, l'erreur totale théorique (budget d’erreur) avait été estimée
a environ 10 cm.

Cependant, lorsque des phénomeénes hydrodynamiques se produisent,
et puisqu'ils ne peuvent pas étre mesurés par les marémeétres local-
isés prés des rives, des différences jusqu’a -20 cm ont été atteintes.
Dans cette situation, la hauteur réelle du niveau de 'eau est mieux
décrite par le profil vertical GPS d’'un navire (ou d’'une bouée) que
par les données marémétriques recueillies pres des rives. On pour-
rait d’ailleurs utiliser le positionnement GPS-OTF afin de mesurer
ces phénomeénes hydrodynamiques dans le but de les étudier et de
les modéliser.

D’un autre point de vue, dans les secteurs ol il n'y a pas de phénomeénes
hydrodynamiques trés forts, les données SINECO interpolées spa-
tialement pourraient étre utilisées pour valider les solutions OTF (afin
de s'assurer que les ambiguités de phase GPS sont correctement fixées),
lorsque le navire est trés éloigné (D > 50 km) de la station de référence
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GPS. Pour une validation de la solution OTF en temps réel, les don-
nées SINECO devraient étre également disponibles en temps réel.
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Determination of Mean Sea Level
with GPS on Vessel

Reha Metin Alkan and Haci Mustafa Palancioglu

Since the writing of this paper the United States Air Force has turned off Selective Availability (SA) thus improving positional accuracy.
(This paper was presented at the ION GPS Meeting, Nashville, USA, 14-17 September 1999)

Introduction

The depth in hydrographic surveys can be measured from the water
level during the survey interval. In order to reduce the depth mea-
surements on to a vertical datum, the changes of the water level should
be determined. According to the requirements of the particular survey,
the measured depths will be reduced to one of two datum lines [Bannister
and Raymond, 1991].

i-) The Land-Levelling Datum (TLLD): This datum, also known as
geoid, is the equipotential surface with zero height which is accept-
ed as passing through the ‘Mean Sea Level and continued under the
Earth surface. TLLD is used in both hydrographic surveys and ter-
restrial surveys.

ii-) The Tidal Datum: This is generally used for navigation purposes.
The usual level adopted is that level of the water surface below which
the tide rarely falls. This is named ‘Lowest Astronomical Tide’ (LAT).
The latest trend is the use of the LAT as vertical datum for hydrographic
(nautical) charts [Kumar, 1997].

The water in oceans, seas and lakes moves for a variety of reasons, a
number of them coming into play at the same time. Movement can be
horizontal or vertical, undirectional or circular, and occasional or cycli-
cal [Ingham, 1992]. These changes in the water can be seasonal, month-

ly, and daily according to the region of the water environments. In

general, the effects which change the water surface can be grouped as
Meteorologic Effects, Oceanographic Events, Vertical Earth Crust
Movements (isostatic and tectonic movements), and Astronomic Tides
[Hekimoglu and Sanli, 1993]. The most important effects among them
that change the water surface are tides and winds. Tides can reach up
to 4-5 m height at some North European Seas whereas it is 15-20 cm
height in Turkey [Alpar, 1993].

Measurements of Sea Level Changes

In order to determine the changes in the water level at certain time inter-
vals and ‘Mean Sea Level’ (MSL), tide gauges built on the shore are used.
The water level used for the determination of the nation’s vertical datum
and for hydrographic surveys differs from each other based on equip-
ment, time, and evaluation methods. For the determination of the
nation’s vertical datum, MSL is calculated from long-period observa-
tions by using precision tide gauges. On the other hand, basic tide gauges
with short-period observations are sufficient for hydrographic surveys.

‘Staff Tide Gauges’ are the most commonly used in conventional hydro-
graphic surveys with an accuracy of +(1-5) cm approximately. The ‘Float
Gauge' is developed for more precise measurements in which the effects
of wave movements are minimized. These are more expensive than the
‘Staff Tide Gauges’ and their accuracy is between +(0.1-1) cm. On the
other hand, +(0.10.5) mm accuracy can be achieved by using ‘Recordable
Tide Gauges’. ‘Space Radar Altimetry’ which is used for the determi-
nation of the global water level in ocean and seas and ‘Pressure Tide
Gauge’ which uses some measurements of water parameters to gen-
erate results are the other systems [Ingham, 1992].

GPS Measuring

Today, it is possible to acquire the positioning accuracy of 50 m in hor-
izontal, 78 m in vertical, and 93m in both as 3D with the help of single-
receiver using C/A-Code measurements [Hurn, 1993]. On the other
hand, authorized (military) users will have access to the Precise Positioning
Service, which can achieve a greater degree of accuracy using P-Code
[Leick, 1995]. However, carrier phase measurements are used for geo-
detic purposes. There are a few methods that use carrier phase mea-
surements for positioning; static, fast static, reoccupation, and kinematic
measurements.

Kinematic Measurement Method
In 1985, Dr. Benjamin Remondi, of U.S.A. National Geodetic Survey,

" found that initial integer ambiguity can be determined by data received

from a mobile receiver [DeLoach et al, 1995). Today, positioning the
mobile objects can be performed with less than decimetre accuracy by
using kinematic methods.

The vectors from reference station to rover point can be calculated
by the evaluation of reference station and rover point measurements
simultaneously. The accuracy changes depend on the usage of codes
and carrier phases in calculations. The method where code measure-

‘me'nts are 1'15ed . callec% Table 1. The Summary of the GPS Error Source
Differential ~ GPS Error Source Stand-alone GPS (m) | DGPS (m)
(DGPS) method where- | Satellite Clocks 3.0 0.0
. Orbit Errors 2.7 0.0
as the usage of Carrier T— o oY
Phase Measurements is | Troposphere 18 02
called ‘Precision Receiver Noise 0.3 0.3
Multipath 0.6 0.6
Kinematic GPS’ SA 30.0 0.0
(PDGPS) method. User Equivalent Range Error | 31.4 0.9
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DGPS works by cancelling out most of the natural and man-made
errors that creep into normal GPS measurements. The summary of the
GPS error source is given in table 1 [Holloway, 1997].

problem can be seen in Figure 1.

The height of the ‘Mean Sea Level obtained from tide gauge reading
can be calculated with the equation below (Fig. 1);

The positions and heights of the mobile objects
can be determined by carrier phase measure-
ments with accuracy of less than 1 decimetre, —

often a few centimetres. For this reason, this
method is called ‘Precision Differential GPS’
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The integer ambiguity value must be determined using methods such
as Antenna Swapping, Known Base, Static Initialization etc. while
surveying with kinematic method. However, these methods have dis-
advantages especially in hydrographic applications. For example, a sta-
tic initialisation is not feasible or possible every time, in a hydrographic
survey where the antenna is installed on the mast of a survey vessel, it
cannot be kept steady for several minutes. Another disadvantage is that
during the measurements, data cannot be received for some reason
from one or more satellites that was received at the beginning from the
same satellites [Cannon et al, 1993]. In this case, measurements are
stopped and start after re-initialisation.

A new method has been developed which eliminates these disadvan-
tages and provides opportunities to determine the positions of mobile
objects with high accuracy. This method is called On The Fly (OTF) or
On The Way (OTW). OTF measurements provide the trajectory of a
moving sensor without the necessity of a static initialisation.

The success of the initial integer ambiguity calculation with the OTF
method and finding the coordinates of the mobile receiver depends on;

i-) Number of available satellites and their geometry,

ii-) Tpe (Code/Phase) and the quality of the data that is going to be used,
iii-) Distance between reference station and mobile recetver,

iv-) Differential orbits and atmospheric errors [Lachapelle et al, 1993/.

The most important effect on the OTF method which reduces its solu-
tion performance is the multipath effect [Abidin, 1994]. The distance
between reference and mobile receivers should ideally be no greater

than 7 to 10 km for dependable OTF solutions.

Determination Of Mean Sea Level By GPS
Method

By using the properties of the Kinematic OTF method mentioned in
the previous section, it is found that the GPS method can be used for
the determination of ‘Mean Sea Level' (MSL). The geometry of the
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Figure 1. Determination of Mean Sea Level by GPS Method

(1) HE =Ho+ 1

Where, H; the height of the zero point of the staff tide gauge in the
‘National Vertical Datum’ and ry; staff reading. It is enough to use the
average of the readings, which is obtained for each 30 or 60-minute
interval to acquire a v, value. On the other hand, H, can be obtained
from the benchmark by any levelling technique.

On the other hand, MSL can also be expressed by means of ellipsoidal
heights that are obtained by GPS observations (Fig. 1);

(2)HES = (hANT'rANT) -N=hs-N
Where, hyr; the antenna height from WGS-84 ellipsoid, rur; the anten-
na height between sea level to top of the antenna, N; geoid undulation.

A Case Study

For the solution of the above mentioned problem, two applications for
two different dates were conducted in Hali¢ (know as Golden Horn),
Istanbul, Turkey shown in Figure 2. Golden Horn is a very old inlet in

the European side of the Bosphorus strait to the South entrance.

BULGARIA BLACK SEA

Marmara Sea

Figure 2. The Application Area



The following steps were used for the application:

i-) Geodetic reference points established: 4 control points (101, 102,
201, 202) were established which covered the study area.

ii-) Determination of geodetic points’ heights: ‘Spirit Levelling
method was used to obtain heights using the benchmarks in the
study area. ‘Valley Cross Levelling’and ‘Trigonometric Levelling’were

J

used to tie the geodetic points to each other and to create a closed
network (Fig. 2).

iii-) Determination of the coordinates of the geodetic points: Geodetic
points were coo dinated by GPS method. During the appl cation,
two Wild-Leica System 300receivers were used. Static GPS method
was carried out for each point to get measurement data from 6 to
7 satellites for every 5 seconds. Post-processing of the raw data and
adjustment were accomplished with Wild-Leica, SKIv.2.1 soft-
ware. Cartesian coordinates that resulted from a free adjustment were
converted to “Transverse Mercator Plane Coordinate System’ accord-
ing to central meridian of 30 degrees with a 3 degree zone width
as shown in Table 2.

iv-) Calculation of the relative undulation value in the study area:
The undulation value ‘N ‘ can be calculated with following equation.

(3) N1 =h1' H1

Where, Hy; the height of any point in ‘National Vertical Datumn’ system,
hy; ellipsoidal height for the same point. Previously calculated and adjust-
ed heights are used in order to calculate the relative undulation value in
the study area shown in Table 3.

The established network could not be connected to global GPS net-
work. So, the coordinates obtained are not absolute WG S-84
coordinates. Instead they are defined according to the datum at the
time of measurements. Therefore, the undulation that we obtained
is called felative’

Table 2. Free Adjusted Geodetic Coordinates of the Reference Points

Pn. No.
000101

Ellipsoidal Coordinates
0:41°01'20".616490N
\:28°57' 48".834269 E

h:19.426 m
000102 ¢:41°01'10”.507281N
\:28° 58" 10".562309 E

£:19.577Tm
000201 ¢:41°01'277.217256 N
1:28'58' 4".762309 E

£:20.022m
¢:41°01'18"7.593341 N
L. 28° 58’ 21".884254 E

£:21.200 m

000202

Table 3. The Calculation of the Relative Undulation Value in the Study Area

Pn.N. H; (m) h, (m) N.=h;-H; (m) Nawr (m)
101 1.040] 19.426 18.386
102 1.189] 19.577 18.388 18.3848
201 1.631] 20.022 18.391
202 2.826] 21.200 18.374

v-) Determination of Mean Sea Level height:

a) With Staff Tide Gauge: For this study, an enamelled staff with the
dimensions of 90 cm length and 12 cm width was used. The height of
the staff’s zero point was obtained from #201 geodetic control point
using spirit levelling. Staff readings () were repeated at 15 minute inter-
vals for both sessions.

(4 Hg = Hy+ rir

Staff Tide Gauge readings are given in Figure 3 and 4.
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Figure 3. Staff Tide Gauge Readings (1st application)
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Figure 4. Staff Tide Gauge Readings (2nd application)

b-) With PDGPS Method: In this procedure, it was necessary to cal-
culate the huror Hs, values which are given in equation 2. For this pur-
pose, a geodetic control point was chosen and one GPS receiver and
a radio-modem unit were set up. Adjusted ellipsoidal coordinates of
points previously calculated are used (Table 2). Another GPS receiver
and radio-modem unit were set up on the survey vessel that was
treated as a tide gauge station. The survey vessel was taken to a place
in the study area, characterised by calm water, and measurements were
carried out by the PDGPS method. Data were recorded into the receivers’
control unit for post processing. In the first application, data was obtained
with a data rate of 1 second for 6 minutes which is approximately 360
measurements whereas during the second application data were obtained
for approximately 30 minutes which was approximately 1700 mea-
surements. All experimental data were logged in only a few hours
and borrowed equipment returned to its owners immediately. For this
reason it was not possible to make longer measurements. SK/v.2.1 soft-
ware was used for post-processing to obtain (¢;);/;) values for each
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epoch. Averages of the obtained A values were used to calculate hs, val-
ues for each application. However during the process stage, a statistical
analysis was applied to eliminate outliers instead of a basic arithmetic
average. To do this, a best-fit curve was determined that provides the
condition that the sum of the squares of the corrections of the obser-
vations will be least, according to the below equation;

(5) h+ i=a +at, + &ty

Where, h(i=1,2,...,n) ; ellipsoidal height for each movement, v; (i =
1,2,...,n) ; residuals of measurements, a, a, a; and as ; coefficient of
the adjusting curve, t (i=1,2,...,n) ; record order of the measurements.

By using the last equation, the coefficient of the best-fit curve can be
calculated by following these steps;

(6) v=Ax-1

Mrvl M1t 8t Th]
AR

a

= az -

S A -
v 1ttt Lh]

(8) a

x=(APAAPL= | &

&

an

Where, A ; design matrix, P ; weight matrix. Adjusted measurements
and standard deviation are obtained by using the equations below.

(9) h=h+y
(10) 0 \l@
n.

As aresult of the calculations, the adjustment process was re-done by
eliminating only the measurements’ residuals, which is 3 times bigger
than the standard deviation calculated from equation 10. This process
was realised with 2 iterations for the first application and with 3 itera-
tions for the second application. As a result, by taking the arithmetic
average of the h; values, hs values are obtained as 18.870 m (2.65 cm,
and 18.750 m (2.06 cm. The best-fit curves that result from these process-
es are given in Appendix II. The result of the above mentioned appli-
cations can be seen in Table 4.

Table 4. The Comparison of Mean Sea Level Values that is Obtained by
PDGPS and Tide Gauge Readings

Period o g Dff.
1 application 6' 0.485m 0.432m 5.3cm
2 application 30° 0.365m 0.406 m -4.1cm

Conclusions And Recommendations

As can be seen from Table 4, ‘Mean Sea Level values, obtained from
each method are very close. It could be said that, the height of the water
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level can be determined by a GPS aided vessel. This new method is a
powerful alternative to the conventional staff tide gauges, especially for
surveys that are away from the shore.

This method does not require the measurements of the water para-
meters such as salinity and temperature that are necessary for mea-
surements using the Pressure Tide Gauges' Furthermore, it is also a
very useful tool when the Box 7ide Gauge’can not be installed due to
the reasons such as water depth and sea traffic. However some limita-
tions must be kept in mind.

The most important factor, which effects the precision of the results,
is the accuracy of the measurements of the distance between the anten-
na on the surveying vessel and sea level. Therefore, the distance should
be measured as accurately as possible with a steel tape or other geodetic
methods. It is important to avoid loading additional equipment or per-
sons into the surveying vessel, which will change the previously mea-
sured distance. As a summary, the equilibrium position at which the
distance is measured should be kept as similar as possible.

The most obvious disadvantage of the new method is determining
the geoid undulation N It is necessary to determine the Nvalue in
order to convert the ellipsoidal heights that are obtained by GPS
measurements to the orthometric heights. The determination prob-
lem of the N'value has been solved by most of the countries that have
defined their NV values and made them available for practical use. If
the Nvalue is unavailable in this manner, the previously men-
tioned method and equation 3 could be used to calculate it. But, the
calculated undulation value that was determined according to the
datum that we chose does not represent the value of real undulation.
However, Cartesian coordinates, which were obtained at the
beginning of the study after the free adjustment process was used for
all of the measurements. So, all of the measurements were carried
out with this mentioned datum. Therefore, the calculation approach

- of the undulation value does not create a problem.

One of the negative aspects of the method is that the distance between
the reference station and the mobile receiver should not exceed a
certain limit. Otherwise, the result will be unsuccessful due to not
being able to determine the initial integer ambiguity.

By keeping the study area conditions (tide, wind etc.,) in mind, the
MSL values could be determined several times by additional GPS
measurements with certain intervals (for example every 4 or 6 hours)
if necessary. In this way, the changes (rise and fall) that occur in the
sea level during the day that are caused by tide or other effects will
be factored in if necessary.

By considering the above mentioned negative factors, the height of
water level can be determined with an accuracy of the order of a few
centimetres by PDGPS method and survey vessels can be used as a
tide gauge platform.
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Rocks awash
Stadia
Helicopter
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|On-foot
Truck
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On-foot
Helicopter
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Truck
Marina
Range lights
Rocks awash
Stadia

The Revisory Survey had several distinguished visitors one day this year at a time when there were several
jobs needing to be done. So Revisory pressed the visitors into service and sent out four teams of two.

Lighthouse Puzzler # 18

Things went well and all the work was done in an exemplary manner. From what you heard over a beer that
evening, can you report on the teams and their activities?

The clues:
1. The two with the helicopter left after Bernard and Sheila, who were not together.
2. Andrew did the stadia work but did not work with Ken or use the truck.

3. Dave and his partner (who did not visit the marina) went farther than the two with the truck but not
as far as Tim or the two who checked out the rocks awash.

4. James discovered (but not with the launch) that the "rocks awash" were actually an overturned
paddleboat.

5. Sheila, Ken and James fueled up on their way home and all arrived back at different times.

IRE AR E R A EE I E RS E R E I EE R SN E I A R NN R E R R E N E R AN E A E AN R EE RN ARSI EEE R R EEEEEE R E AR SR E NN EE RN

Solution to Puzzler #17 (Edition 56)

Fred, Sheila and Tim are not from Sarnia [Clues 1, 2, 5] so it must be Ed. Jack is not from Winnipeg or
Burlington or [clues 3,4] nor is he with Ed [clue 4] so he must be from Ottawa with Tim. Which means John
is from Sarnia and Joel is from Burlington.

By elimination, Jim’s team, from Winnipeg, must be on Cost Analysis. Joel is on Personnel Problems [clue
6] so John, from Sarnia, is on QA [clue 1] and Jack and Tim, from Ottawa, must be the team working on
Deadlines.
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Ten Years of a
Canadian In Monaco

Adam J. Kerr

The Beginnings

Having just read Tom McCulloch’s excellent article ‘Thirty Years
of Turmoil, Stress and Achievement’, in the 55th Edition of this
journal, I have been tempted also to look back. This, a luxury
that should only be taken up by someone of ‘mature’ years, as a
younger man should surely be looking always to the future! However,
as | have enjoyed the unique privilege of being so far the one and
only Canadian to have been a member of the Directing Committee
of the International Hydrographic Bureau (IHB) at Monaco,
thought the readers may find it interesting if I shared this experi-
ence with them. It is possible that some who know me will say that
I am not a Canadian, having been born in the United Kingdom.
But having spent thirty years of my life in Canada and some of that
time working in such desirable regions as Ellef Ringnes Island and
Quirpon, Newfoundland, not to mention that city of all power —
Ottawal! I suppose I do have some credentials! However, my intent
in this article is not autobiography but to describe first hand, what
goes on in the secretariat of the International Hydrographic Office
(IHO) and what I believe we have achieved, both in the secretari-
at and by the Organization at large, during the last ten years.

In April 1987 I found myself, due to the encouragement of Steve
MacPhee, the Dominion Hydrographer and others of his senior
staff, elected as a member of the three-person Directing Committee
of the Bureau. My fellow Directors, elected at the same time, were
Rear Admiral Sir David Haslam, retired Hydrographer of the United
Kingdom, and Rear Admiral Alfredo Civetta, retired Director
of the Italian Hydrographic Institute. The process of election is
to first elect the three members of the committee and then from
them to elect the President and chairman of the committee, who
on this instance turned out to be the broadly experienced Sir David
Haslam. Later, in 1992, I was re-elected for a further five years, this
time to share the load with Rear Admiral Christian Andreasen
(USA) as President and Rear Admiral Giuseppe Angtisano (Italy)
as a co-Director.

The Organization

The Bureau is not large, with, at that time, a staff of eighteen and the
three Members of the Directing Committee, making a total of twen-
ty one. Since writing this there have been several changes made to
reduce the total manpower and undertake a greater level of con-
tracting out. Of the eighteen staff four are termed Professional
Assistants and these are normally selected from the Member
States’ Hydrographic Offices (HOs). Like the Directors themselves,
they are selected with a geographic spread in mind and at present
they originate from France, Germany and Spain, although during
my term we had Professional Assistants from the UK and from
Pakistan. Typically, the PAs, with the exception of the PA for Finance,
are middle-level hydrographers.

It is necessary to explain the difference between the IHO and the
IHB. When the Organization was founded in 1921 it was called the
International Hydrographic Bureau but in 1972, when its formal
Convention entered into force, the Organization became the IHO
and the Secretariat became the IHB. It is located in Monaco due to
the generosity of Prince Albert I of the Principality, who was an enthu-
siastic amateur oceanographer and encouraged the development of
all matters concerning the scientific studies of the sea. He built the
Musée Océanographique, well known to the general public due to
its association with the late Jacques Cousteau. Less well known is the
fact that he arranged for premises for the IHB, which were opened
in 1926 in a fine building beside the port of Monaco. Recently, in
1996, the Bureau was moved to modern but equally magnificent
quarters on the other side of the port.

The THO is an intergovernmental organization, with at present 69
member states as signatories to its convention with another 13 coun-
tries waiting to join. (Several States are expecting to join soon and
this figure is subject to change). It is not a member of the United
Nations group of organizations, although in the years prior to the
last world war it was a member of the League of Nations. Its budget,
which is primarily associated with the salaries for the Directors and
staff, is approximately US$ 2 million. These funds are available
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through contributions from the Member States, which are paid on
a variable scale depending on the country’s shipping tonnage.
Typically countries with large tonnage, such as Greece, Japan
and the USA pay about US$ 100,000 and the smaller countries
pay about US$ 10,000 per annum.

The objectives of the THO are stated in its Convention and may
be summarized as: the coordination of the activities of national
hydrographic offices; achieving the greatest possible uniformity in
nautical charts and documents; encouraging the adoption of new
technology by HOs; and the development of the sciences of field
hydrography and techniques used in descriptive oceanography. In
fact it is the first two of these that get the most attention, as the
others are in truth more national matters. These objectives have,
over the years, resolved into several programme activities. One
of these is standard-setting in hydrography, which in recent years
has moved with the technology from setting standards for paper
products to digital products.

Another programme area has been the encouragement of the indi-
vidual HOs to join forces in global activities, which lead to interna-
tionally standardized products and services available to shipping. This
finds shape in the development of an international chart folio and
more recently in the Worldwide Electronic Navigational Chart Data
Base (WEND), a matter that will be discussed more further on.

The third programme that may be identified is that of the General
Bathymetric Chart of the Oceans (GEBCO). This has historic ori-
gins and stems from Prince Albert’s interest in setting up a system
to gather up all the known bathymetric data and to publish it as
a series of bathymetric charts, mainly intended for scientific use.
Shortly after the Bureau was formed it was proposed that this activ-
ity may be passed to it and since then the THO, with various other
scientific bodies, including the Intergovernmental Oceanographic
Commission (IOC), have maintained this important series of charts
and scientific data base. Canada in fact has played a large part in
the GEBCO programme and during the 1980s did all the drafting
and printing of eighteen sheets of the 5th Edition. It is now likely
that all future editions will be in digital form.

Having set out the background of the Organization, let me now
turn to what I believe we have achieved during the ten years that
I was on the Directing Committee and what we would perhaps like
to achieve in the future.

1987 - 1997 Years of Progress

The Directing Committee partitions the responsibilities of its three

34 LIGHTHOUSE Fall/Automne 2000

members by administrative and technical matters and by geo-
graphical areas. With regard to the latter, during my first term of
five years, I was responsible for our contacts and activities in north-
western Europe and America and in the last term I have been
responsible for north eastern Europe, Asia and Australasia. This
has put me into contact with a number of interesting people work-
ing in the hydrographic field, many of whom have become good
friends. It is in fact one of the decided benefits of the work at the
IHB to be deeply involved in the close association of the rather
limited field of hydrography. The regional responsibilities of a
Director of the IHB involve a very considerable amount of travel
that has taken me to many interesting places.

Technically and administratively I have been involved throughout
with the very significant development of Electronic Chart Display
and Information System (ECDIS) and the standards and specifi-
cations that we have developed in cooperation with the International
Maritime Organization (IMO) and other international organiza-
tions. In 1986 the IHO formed its Committee on ECDIS (COE),
under the chairmanship of Jim Ayres (USA) and this was passed
to me on taking office. In the same year the IHO formed forces
with IMO to form the Harmonization Group on ECDIS (HGE).
During the last ten years, activities under these two groups have
proliferated into a network of internal committees and working
groups and into many new and different arenas. These include
other international standard-setting bodies, such as the International
Standards Organization (ISO) and the International Electrotechnical
Commission (IEC).

The successes that have been achieved in establishing these stan-

~ dards have been largely due to the many technical specialists from

many countries that have participated in the work. At the I[HB the
main effort has been to harness and coordinate this work. This is
totally in line with the objective of the THO to seek uniformity in
hydrographic products and to a lesser extent to coordinate the
activities of hydrographic offices. The major goals that have been
reached were the adoption of the Performance Standards for ECDIS
by the General Assembly of IMO in 1995 and the release of the
3rd Edition of the Digital Data Exchange Standard S-57 in November
1996. These are just the main standards and within them there are
many more that contribute to the whole and in the end will make
ECDIS a viable and safe navigation tool. Canada, it may be said,
has been a major contributor to these activities, being one of the
first in the field with digital data creation and use and in such
tireless efforts as those of Mike Eaton in developing standards for
Colours and Symbols for ECDIS. Canada has also been a leader
in creating harmonious working relationships between govern-



ment and industry, something that must clearly become an inter-
national goal for the future.

So much for the establishment of ECDIS data standards. With
these coming on stream another urgent activity has been the
development of a world-wide digital data base and updating ser-
vice for ECDIS. In this task Norway, under the encouragement
of @yvind Stene, took an early lead but at a symposium, held at
the Bureau in 1991, it became clear that the Member States of the
THO felt that this should be a jointly shared activity. Thus fol-
lowing the second objective of the IHO, namely the coordina-
tion of the activities of hydrographic offices, the [HO moved to
set up an organization to develop a worldwide electronic navi-
gational chart data base, termed the WEND. The idea was that
all HOs would digitize their charts as ENCs (Electronic Navigation
Charts), these would be in vector format following the specifica-
tions of S57 of the IHO. Regional
Electronic Chart Coordinating
Centres, known as RENCs would
be established. These RENCs would
then take on the responsibility of

“put me into
contact with a
number of
interested people”

integrating the data into regional
data bases plus the integration of
updates and provide these as a ser-
vice to shipping. The practice has

proven to be more difficult than

the theory and the system is mov-
ing into implementation rather later than had been planned.
Nevertheless it was hoped that in 1998 the first part of this ser-
vice, providing coverage for northern Europe, would come
into being. (This service was formally established in 1999 as PRI-
MAR).

The difficulties referred to above have been for several reasons.
Standards have been much more difficult to develop than origi-
nally anticipated. Technology has been changing so rapidly that
it has been difficult to decide on the right level of technology to
use in matters of computing and telecommunications. There can
be no denying that HOs are very conservative, and working in a
much more businesslike environment has proved difficult. Added
to all this, the entry of commercial companies into areas of hydrog-
raphy that were previously the exclusive domain of government
HOs has been an interesting challenge.

Moving to other areas of the work, the ITHO has since the early sev-
enties been involved in technical assistance to developing coun-
tries. Its budget for this activity has been rather small and to get
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the most for its money it has decided upon training as the best
vehicle. Even here it has not had the resources to fund the train-
ing courses itself but working with the Fédération Internationale
de Géometrique on hydrographic courses, providing training to a
common agreed standard all around the world. This is achieved
through the FIG/THO Advisory Board on Training of Hydrographers.
Many years ago | participated with Alan Ingham, Admiral Kapoor
and others in the formation of this system and the Board and served
for a while as the Board’s chairman. This programme of the [HO
and FIG has now reached a state of some maturity and nearly thir-
ty courses (this number is continually increasing) have now been
approved as meeting the standards. At present the IHB provides
the Secretarial services to the Board and the Canadian represen-
tative is Dave Wells, well known in hydrographic circles.

The work of the FIG/IHO Advisory Board has encouraged the
development of particular institutions offering hydrographic course.
A success story in that direction was the formation of the International
Maritime Academy (IMA) at Trieste, Italy. This institution offers sev-
eral courses and amongst them is one on hydrography, which is
offered free to students, primarily from developing countries. Guest
lecturers to this course are invited from countries with expertise,
including Canada. A need is seen for courses in modern digital data
management and it had been hoped that the International Institute
for Aerospace Survey and Earth Sciences (ITC) in Enschede, Netherlands
might have provided such a course. Unfortunately this did not mate-
rialize but the course is now being offered at the IMA at Trieste.

More directly associated with the provision of technical assistance
to developing countries have been the visits to those countries
to advise them on how to establish HOs. While the effort has been
there and Directors have visited such unusual places as Ougadougou
in Africa in the course of their business, it has been extremely
difficult to bring promises into actions. This has been particular-
ly the case in Africa, where apart from South Africa, some
Mediterranean countries and recently the development of the
Mozambican Hydrographic Institute, the situation is unsatisfacto-
ry. Numerous visits have taken place to both West and East Africa
and plans made for Regional Centres, for Hydrographic Committees
and projects, there has been some limited progress to date. The
incoming President, Rear Admiral Giuseppe Angrisano, has
been particularly active in recent years and has tried hard also to
seek funds through organizations such as the European Commission.
One must hope that matters will improve, because undoubtedly,
the lack of modern charts will stifle the free movement of shipping
and hence the economies of African nations.
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I myself have been involved in East Asia, where fortunately for
the most part the status of hydrography and charting is general-
ly better than that of Africa. Our concern there has been mainly
directed at the South China Sea where the state of hydrography
and the charts are extremely bad. This background is faced with
the onslaught of an ever increasing movement of larger and faster
ships and it seems a matter of time before some disastrous acci-
dent occurs. We have sought the recognition of IMO and the assis-
tance of the United Nations Development Programme but to date
no financial help has materialized. We have encouraged the coastal
states surrounding the area to make joint surveys but also this has
not taken place. Apart from the general difficulty of bringing focus
to bear on apparently distant maritime soft spots a major prob-
lem is the political problem that is involved in the sovereignty of
several small islands. This has resulted in the coastal states sur-
rounding the South China Sea to be unable to jointly tackle the

problem. However, there has

been some success in collecting
bathymetric data from the numer-
ous oil companies working in the

“there has been
some success in
collecting
bathymetric data”

area.

A brighter spot in East Asia has
been in Indonesia where we have
been able to participate in a minor

way in encouraging a major

Norwegian survey to be carried
out under contract to the
Indonesian government. Our part was very small in advocating
the use of international standards in this work but we are pleased
to see this activity in place which will rapidly improve the quali-
ty of the hydrography and charts along the proposed sea lanes
and along the continental shelf of Indonesia. We hope that the
next country to be approached in this form of bilateral programme
will be Vietnam, which is now a centre of major oil company activ-
ity. It has approached several countries, including France and
Norway, seeking assistance in setting up hydrographic capabilities
and we look forward to seeing these materialize. At the moment
it is understood that there is no action in this country on these
plans.

It is clear that bilateral arrangements between developed and devel-
oping countries are easier to achieve than multi-lateral assistance.
Several cases can be seen around the world of very satisfactory
projects that are supported by the US HY-COOP program, the
Japanese International Co-operation Agency (JICA), the French
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NAVCO and various other national technical assistance bodies.
I have been very impressed by the way the Norwegian Government
tackles these matters through its embassies, Export Council and
its general promotion of both Norwegian aid and industry. Canada
could do well to take a leaf from that book.

Yet another of one of the more disparate activities of the IHO has
been in its activities associated with the technical delimitation of
boundaries within the Law of the Sea. Hydrographers have long
been involved as technical experts in maritime boundary delimi-
tation. Specialists have written many articles on these matters.
In about 1995 Rear Admiral Fraser, a previous President of the
[HB, decided to develop a manual to inform hydrographers about
the subject. When I took office in 1987 we formed a Technical
Assistance in Law of the Sea (TALOS) committee and subse-
quently produced a manual. In this work, we were joined by the
International Association of Geodesy, which provided geodetic
expertise. The most recent activity in this area are plans to prepare
a book on the Continental Shelf to give guidance for those coun-
tries which plan to make claims to a continental shelf extending
beyond 200 nautical miles offshore. This work will be carried out
jointly between the IHO and the IOC. This book has now been
published by the Oxford University Press: Continental Shelf Limits:
The Scientific and Legal Interface.

It was noted earlier that the GEBCO programme of bathymetric
mapping was a major interest of the IHO. In recent years con-
siderable attention has been given to digitizing the information
and the National Environment Research Council of the UK has
produced a GEBCO Digital Atlas. In this, all the bathymetric con-
tours and other information from the original paper sheets have

been digitized and produced as a compact disc. The latest idea is

to produce the GEBCO information in a gridded form and this
matter is being studied at present. An offshoot from GEBCO
activities are the Regional Bathymetric projects. These are in real-
ity the responsibility of IOC but IHO participates in this work. In
these projects bathymetric sheets have been published at I: I mil-
lion, compared with GEBCO’s published scale of 1:10 million.
Associated with the GEBCO programme is a sub-committee
on place names that has developed a Gazetteer of Undersea Features.
Due to more and more information being gathered on the under-
sea topography and more features being identified, the work on
dealing with undersea feature names has grown significantly.

Returning to the more conventional side of hydrography, several
activities deserve mention. Work has continued recently on a pub-
lication ‘Specifications for Hydrographic Surveys’, designated S-



44. This has proven to be a very contentious matter as it appears
that many people have very strong views on survey accuracy. This
work was finished in 1997 Tides and datums are other areas that
have had attention. Canada maintains, on behalf of the IHO, a tidal
constituent data bank. Policies concerning the use of this data by
commercial companies wishing to produce tidal prediction pro-
grams had to be worked out. The datum to which soundings should
be referenced on charts had for many years been designated rather
generally to ‘a level so low that the tide would but seldom fall below
it” Recently, following a study, it has been agreed that a more quan-
titative definition as the Lowest Astronomical Tide (LAT) should
be used. Horizontal datums are a particular concern as the intro-
duction and use of satellite systemns, referenced to the World Geodetic
System 1984 (WGS 84), has introduced anew the need for a sin-
gle world wide common datum. Unfortunately many different
datums are used on charts throughout the world and in some cases
there is no datum used. The THO has produced a technical reso-
lution urging Member States to use WGS 84 on all new charts,
and on other charts to provide a statement allowing the navigator
to make an adjustment between WGS 84 and the local datum. It
seems likely that the need for greater attention to the use of WGS
84 will become evident.

The Bureau produces a number of publications. The most
familiar of these may be the International Hydrographic Review,
which has been published since the organization was formed. [Ed.
The International Hydrographic Review has been discontinued
in the year 2000 and has been replaced with The New International
Hydrographic Review available on the Internet]. The Bureau also
produces a monthly Bulletin, describing activities and events of
the Bureau and the IHO at large. These publications require ongo-
ing attention. A continual search must go on to find suitable arti-
cles for the Review, which presents an ongoing history of the
progress of hydrography. Once a year the Yearbook must be updat-
ed. This includes the addresses and contacts of all Hydrographic
Offices, both those that are representatives of Member States and
non-Member States.

An Annual Report is produced in two volumes, to describe the
events of the organization during the previous year. Volume I pro-
vides general information and Volume II provides the financial
information. There are numerous publications dealing with the
technical specifications and standards discussed earlier. These must
all be maintained up-to-date. Details of all publications, which are
provided free to Member States and sold to others, are included
in the Catalogue of Publications that is produced annually and
is available free of charge. In recent years ordering by credit card
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has been introduced and some publications are now available on
CD ROM. A Bulletin Board system that is accessible to all Member
States was introduced in 1992. A major effort was made recent-
ly to re-design the Bureau'’s set of publications with emphasis on
availability through the Internet Selected publications are pro-
vided in printed form and all others are now available on CD ROM
or over the internet There is a home page (http://www.iho.shom.fr)
for the organization and the website includes the Catalogue of
Publications.

The IHO has now been in place for 75 years and at the XVth
Conference it was decided to form a Strategic Planning Committee
to see if its organization and work should be adjusted in order
to meet the future more effectively.

In summary, for me this was an interesting ten years, working with
a small dynamic organization, that is as yet not greatly encum-
bered by bureaucracy. While much of the western world has been
trying to reduce the size of government the IHO has been steadi-
ly growing in membership and the need for its services appears to
be growing daily. Certainly, like all other organizations, it must
alter its ways to satisfy new requirements but it is my belief that
this is an efficient and productive body that must be maintained
at least at its present strength.

NOTE: This paper was written in 1999. Some comments have been
added to update the reader on some matters that have since changed,
Overall the Directing Committee, in place since 1997, has over-
seen a number of changes. These have included actions proposed
by the Strategic Planning Committee that were approved at an
Extraordinary IH Conference in March 2000.
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Winter Storms on

the Great Lakes

Ron Solvason and Carol Robinson
Canadian Hydrographic Service, Central and Arctic Region

A water level surge resulting from strong winds associated with a
storm is a major factor contributing to flooding in shoreline areas.
Lake Erie experiences some of the highest wind setup or storm surges
in the Great Lakes region. There are two major factors which make
Lake Erie susceptible to these storm surges. One is the fact that Lake
Erie is a relatively shallow body of water and the other is that the
major axis of the lake is oriented in roughly the same direction as the
prevailing winds and major storm events.

On December 11 and 12, 2000 the first major storm of the winter
2000-2001 season passed through Southern Ontario. The path of
this storm as tracked by Environment Canada’s Regional Centre

Thunder Bay began in the American southwest and moved in a
northeasterly direction towards the Great Lakes. (Figure 1) As it
approached Lake Erie, rapidly dropping pressure intensified the storms
voracity. The centre of low arrived at the western end of Lake Erie
at about 2200 hours EST on December 11th and tracked over the
central portion of the lake reaching the eastern end of the Lake at
about 0300 hours EST on December 12th.

In advance of the centre of the storm, strong winds from the
southwest, in excess of 60 knots pushed water to the eastern end
of the Lake. This generated a storm surge that reached a height of
approximately 2.1 metres abo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>