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CHAPTER 4
SEAFLOOR CLASSIFICATION AND FEATURE DETECTION

INTRODUCTION

Hydrography includes the description of the featwethe seas for a number of purposes not
restricted to navigation. The advent of sonar swdth echo sounders now enables a more
complete and detailed description to the benefgadér navigation and other uses. Obviously,

it is impracticable to find every feature in evedgpth so the IHO have determined the

minimum size of feature which should be searchedafal measured in any particular area.

Classification of the seafloor has been employedrfimewarfare operations for many years but

the advent of automated classification softwaredrabled wider usage, particularly in fishery

and resource industries.

In this chapter, the phrases seafloor classifipatiod seafloor characterisation, and feature
detection and object detection are synonymous

SEAFLOOR FEATURE DETECTION
Background

To ensure safe navigation it is necessary to dééattires on the seafloor which may be a
hazard to navigation, whether natural or man madlefeature is defined as any item on the
seafloor which is distinctly different from the sounding area; it can be anything from an
isolated rock on a flat sand seafloor to a wrecklstruction. This activity is called seafloor

feature detection. Feature detection can alsoskd to detect and identify features which are
of interest to other seafarers, such as wellheadsrane-like features. The latter may not be of
navigational significance but are, nonethelesanpirtance to those concerned.

A traditional survey will develop the bathymetry ah area by running a regular series of
sounding lines throughout the area. Multibeam esthnder (MBES) or side scan sonar (SSS)
coverage is utilised for feature detection and tovige information regarding seafloor
classification. In some instances the detectionfaaftures is more important than the
acquisition of bathymetry. Specific features whidve been identified on the MBES or SSS
image will usually require a more positive checktsfposition and the least depth.

Standards

There are a number of feature detection standaelsnbst relevant being those contained in
IHO S-44 and IHO S-57.

IHO S-44 - Minimum Standards for HydrographicSurveys

S-44 Table 1, summarised at Tables 4.1 and 4.2welgecifies where a feature search is to be
undertaken and system detection capabilities foln €xder of survey:

Once detected any features considered signifidamtild have its position and the least depth
over it determined to the standards detailed it Sdble 1.
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IHO S-44 Order and example areas Search Requirement

Special Order | Areas where under-keel clearancetisat.

Full sea floor search
required.

Order la keel clearance is less critical but features of

Areas shallower than 100 metres where undey-
Full sea floor search

A . required.
concern to surface shipping may exist.

Areas shallower than 100 metres where undey-
keel clearance is not considered to be an issud-ull sea floor search not

Order 1b for the type of surface shipping expected to | required.
transit the area.
Areas generally deeper than 100 metres whe
Order 2 general description of the sea floor is considereti_:(‘;?JII sea floor ;earch not
required.
adequate.
Table 4.1 “IHO S-44 Search Requirements”
IHO S-44 Order System Detection Capabilities
Special Order Cubic features >1.0 m
Order la Cubic features >2.0 m in depths up to 40 @0% of depth beyond 40 m
Order 1b Not applicable.
Order 2 Not applicable.

2.2.3

2.23.1

2.2.3.2

2.2.3.3

Table 4.2 IHO S-44 System Detection Capabilities
IHO S-57 - Transfer Standards for Digital Hgrographic Data

S-57 specifies "Zones of Confidence" (ZOC) as thethwmd of encoding data quality
information. ZOC were adopted to provide a simafel logical means of classifying all
bathymetric data and displaying to the marinerdbefidence the national charting authority
places in it. Areas are classified by identifyiagious levels of confidence that can be placed
in underlying data using a combination of depth gusition accuracy, thoroughness of
seafloor search and conformance to an approvedtyypkin.

ZOC Al, A2 and B are generated from modern andéusurveys with, significantly, ZOC Al
and A2 requiring a full seafloor search, i.e. fidature detection. ZOC C and D reflect low
accuracy and poor quality data, whilst ZOC U repnés data which is unassessed, but not
unsurveyed, at the time of publication. ZOC arsigieed to be depicted on paper charts, as an
insert diagram in place of the current reliabitiipgram, and on electronic displays.

It must be emphasised that ZOC are a charting atdnand are not intended to be used for
specifying standards for hydrographic surveys omfianagement of data quality by individual

hydrographic authorities. Depth and position aacy specified for each ZOC refer to errors
of final depicted soundings and include not onlgvey errors but other errors introduced in the
chart production process.
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S-57 ZOC Feature Detection criteria are at Tal8e 4.

S-57 Z0C Search Requirement

ZOC Al full area search undertaken, all significant seaffeatures

ZOC A2 detected and have had their depths measured. N(gep

full area search not achieved, uncharted featuaeardous to

Z0CB o :
navigation may exist.
Z0CC full area search not achieved, depth anomali@y be expected
full area search not achieved, large depth anomalizy be
ZOCD
expected.
Z0CU guality of bathymetric data yet to be asssse

Table 4.3 ZOC Feature Detection Criteria

Note: Significant seafloor features are defime®-57 as those rising above depicted depths
by more than:

0.1 x depth, in depths <10 m,

1.0 m in depths of 10-30 m and

(0.1 x depth) minus 2.0 m in depths >30 m.
S-57 also details the relevant position and depthiracy required of measured features.
Detection of Hazardous Features

The surveyor must remain cognisant of the fact thany features which are potentially
hazardous to navigation do not fit the S-44 “cuigiature” criteria; for example the masts of
wrecks and wellheads. However, ZOC criteria deetaltch features into account if they rise
above depicted depths by the prescribed amoung. abhity to detect such features is a critical
issue when considering the type of system to be& tieeundertake feature detection. For
instance, these types of features will normallydegected by SSS but may not be detected by
MBES, lidar and other such systems due, for exapleahe beam footprint or “filtering”
algorithms.

As far as the surveyor is concerned the purposa ebnar sweep is to ensonify the area
between adjacent lines of soundings in order tealeany feature of significance to the

mariner. Although no hard and fast definition lné iminimum length of a wreck can be given,

features less than three metres in length are elyliio be sufficiently proud of the seafloor to

cause concern. There will of course be occasidrenwhis is not so (e.g in coral areas or when
searching for masts) and the Surveyor must exaallreurces of data available to him before
deciding on the minimum length feature he wishedetect.

Note that in all calculations that follow, involginspeeds over the ground that must not be

exceeded, the feature length is used and no actotaiken of feature height. What is used for
calculations is the maximum length of feature flat fails to receive five ‘pings’, this being
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considered the minimum to achieve feature detectiBlow much of the energy in the five
pings on the feature that returns to the transdisaggpendent upon:

feature shape, extent, composition and aspect,

sonar conditions and

nature of the seafloor and other factors.
The amount of energy returned from the feature aaiiitrol the intensity of the printed mark.
Military Requirements

Military forces often require detection of featumnaller or deeper than those required for the
safety of navigation, for example some strive ttedefeatures with a volumetric size of 0.5 m
on the continental shelf in depths to 200 m. Miadare forces, using specialised sensors, aim
to detect and classify even smaller features. |aiiese reflect particular capabilities not
normally required of the surveyor employed in nealticharting, there is a resultant effect on
the development of systems capable of achievingythecoming available on the commercial
market.

Reporting Features

Whilst it is desirable to investigate every featwikich meets the above criteria in complex
areas this will not be possible. Surveyors maydneeuse their own judgement as to which
features warrant investigation after considering #vailable resources, the likely use of the
area (draught of vessels etc.) and the likely §icarice of the feature noting the general depths
in the area. For example, a shoal of 26 m in gérdapths of 28 m may not warrant further
investigation if the draught of vessels using theads only 12 m. This will particularly be the
case if a ship transiting the area must at somet jpaiss through general depths of, say, 20 m.
In such cases it may only be necessary to ensatethibre is no indication of much shoaler
water (e.g. by interlining, sonar etc.).

The above criteria should also be used to ascenta@ther or not a feature should be included
in any Report of Survey. In complex areas thisda become unwieldy; therefore the Report
need only include those features which are trugnificant in terms of general depths and
likely usage.

At the end of each survey the surveyor, being tilg person with all the facts at his disposal,
must give a firm opinion as to the status of easdiure located, i.e. wreck, sea floor type,
unexamined etc., with findings included in theirp@e. Newly discovered features, which

may be dangerous to surface or submarine navigaiwhcharted features, which are found to
be significantly changed, are to be reported tord#sponsible National Hydrographic Office

(NHO) immediately. Uncharted features in depthssi¢han 750 m would normally be

considered for Notice to Mariners action.

Methods of Feature Detection
Overview

There are a number of methods with which to achieature detection. SSS has a well proven
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feature detection capability and can still be coastd the most reliable means. However, SSS
is subject to operational limitations in that igienerally towed behind the survey vessel, which
introduces positional errors for features. Thesere can be reduced by use of transponders in
the towfish and/or running past the feature in dpposite direction to obtain an average
position. SSS operations are also subject to #ur gap which requires lines to be run with
sufficient overlap to detect features under adjatecks.

One of the main limitations of SSS is the speeddyfance required to achieve sufficient pings
on a particular feature. With few exceptions tlmsits SSS operations to about six knots,
which impacts rate of effort. The advent of MBES8ers the chance of meeting feature
detection requirements at higher speeds and theréfcreased rate of effort. To date,
however, MBES detection of features of the sizé theet IHO Special Order and ZOC A1/A2
requirements or other small and potentially hazasdigatures, cannot be guaranteed unless
certain precautions are taken, such as limiting ubeable swath width and calculating an
appropriate speed of advance for ‘ping’ rate.

2.3.1.2.1 The geometry of a SSS transducer in relation ®agufe is the key factor which makes it such

2.3.1.3

a successful tool for feature detection. The shadoast behind a feature, proud of the
seafloor, are the telltale sign that a feature leen ensonified. The geometry of the MBES
transducer in relation to seafloor features resintshe loss of almost all shadow-casting
capability. A surveyor wishing to use MBES for ti@® detection must then rely on the
MBES'’s other characteristics in order to look forydeatures. These characteristics are high
resolution bathymetry and amplitude backscatteplamliwith a positioning capability allowing
for very accurate repeatability. In addition, vghifeatures are normally capable of being
detected by an operator during SSS data acquisitietection using MBES is far more
uncertain at this stage and post processing idlyseguired to allow results to be seen.

Other sensors which can be used for feature deteittclude singlebeam echosounder (SBES),
forward looking sonar, magnetometer and remote austhsuch as Airborne LIDAR
Bathymetry (ALB) and Airborne Electromagnetic Batimstry (AEMB). Mechanical feature
detection methods, less used these days, inclugeswieep, drag and diver.

2.3.2 Side Scan Sonar

23.2.1

2322

Dual-channel SSS is now accepted as an esserttiab anodern surveying and it remains the
case that no survey on the continental shelf cactbhsidered complete unless a comprehensive
sonar sweep has been carried out and all contactstigated.

In addition to locating wrecks and obstructionswesn survey lines, SSS also provides a
considerable amount of other seafloor informatidiese data, when combined with seafloor
samples and depth contours to produce seafloosifitation, are of great value to those

involved with amphibious, minewarfare and submaraperations. The importance of this

information has grown over the years to such aargxhat, in many surveys, sonar rather than
bathymetric considerations govern the selectiohinef direction and spacing. However, great
care is needed in the preparation and checkindhedet data if their full potential is to be

realised.
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When used in hydrographic surveying, SSS has fain fiunctions:

» The detection of wrecks and obstructions betwsemding lines. Although precise position
and least depth cannot be determined by SSS, anydpned and operated sonar will detect
nearly all significant features between lines.

» The detection of other seafloor features. Gulyaised, SSS can detect very small seafloor
features. Whilst not hazardous to navigation thsitippns of such features, or groups of
features, are of considerable importance in botimsuwine and minewarfare operations.

» The gathering of seafloor classification daténowledge of the texture of the seafloor,
combined with samples, is of great importance fdynsarine bottoming and minewarfare
operations, and for fisheries and resource devetopm

» The identification of mobile areas of seaflodrhe presence of sand-waves and ripples are
indications that the seafloor in a particular aieanobile. On major shipping routes such
areas may require periodic re-survey to ensureysafenavigation.

Theoretical Considerations

The strength of the signal returned by a givenuieats governed by several factors linked by
an expression known as the “sonar equation” whicy fe used to determine whether a
particular type of feature will or will not be deted. A good explanation of the terms involved
in this equation is given in the 1981 FIG/IHO “Rejpon the Detection of Depth Anomalies”.
The standard textbook that should be consultedfifrther study of this subject is required is
“Principles of Underwater Sound” by R.J. Urick. nffust be stressed that this equation can
form only the starting point for a considerationS8S performance because it is not possible to
know all the equation terms.

Short range coverage. There is a region closeetdowfish where gaps in the sonar cover may
occur. These gaps need to be considered in tweplgee Figure 4.1):

Direction of Tow

A

Vertical

N\
A
ZJ T~ Axis of
Sonar Beam

Fig. 4.1 SSS Horizontal and Vertical Beam Coverage
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e The vertical plane. The main beam of the sorar d width in the vertical plane of about
50°, with the beam axis tilted 10° downwards. Eher therefore, a region under the towfish
which lies outside the main beam; the size of thigion is governed by the height of the
transducers off the seafloor. The original conedpthis area not being ensonified at all is
incorrect. Unless the towfish is a long way off geafloor this zone is covered by side lobes
from the transducers, and parts will receive soound energy from the fringes of the main
beam. (The “edge” of a beam is usually taken ashdf-power line, but this is not an
absolute cut-off point and some energy exists datgt). Whilst a gap in the record under
the towfish does occur, it is considerably smatham originally thought and may only be a
few metres in extent. Nevertheless, this gap rbastovered by sonar from the adjacent
lines.

* The horizontal plane. There is an area cloghddowfish (the “near field”) where the sound
pulses have parallel edges. As a result, gapsaoayr between individual pulses of sound.
The gap between pulses in the near field is a fomaif ship speed and pulse repetition rate.
Beyond this area, the spreading of the beams clbgegaps to give total coverage. Small
contacts are therefore likely to be missed clos¢otowfish rather than further away from
it.

Planning Area Searches. Two different methoddanfrpng area searches can be used:

» Detecting contacts close to the towfish. Tharde is planned so that the smallest required
contact can be detected close to the towfish. liili@éng case requires such contacts in the
near-field of the sonar beam to receive five pyleesside this area, beam expansion ensures
they will receive at least five pulses.

» Detecting contacts further away from towfishheTzone where small contacts may not be
detected can be calculated for a given range scalse and speed over the ground. Line
spacing can then be adjusted so that sweeps frgacesd lines at least cover the gap.
Alternatively, line spacing can be fixed and speegusted to ensure that full coverage is
achieved. Thus with a range scale of 150 m inamgkat a speed at which small contacts
may not be detected within the first 25 m, linecipg must not be more than 125 m.

The second of the above methods is usually employedrea searches as it allows a faster
speed of advance. For a line-spacing of 125 mgusie 150 m range-scale, one metre contacts
will be detected in the near field at a speed 6f Khots. Relying on detecting them from
adjacent lines allows a speed increase to 7.Mktails of the calculation follow (see ‘Feature
Detection’ and ‘Calculation of Speed of Advance’).

Confirming SSS Performance. Whilst these calooifestiwill provide theoretical capabilities it
is essential that a SSS’s performance is confirimele field prior to use. This is achieved by
selecting a suitable feature, reflecting the type size of feature required to be detected during
the survey, and towing the SSS past it. Both schannels, i.e. both sides, and each range
scale should be tested to determine the maximuettieh range.

Position of the Sidescan Towfish. Towing the saremsducers astern of the vessel has several
advantages including removing the sensor from tfeets of vessel motion and operating it at
a height above the seafloor which will enable tiptiroum shadow. However, there is a
disadvantage in that it also introduces uncertaastyo the position of the towfish. This error
has three components:
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« an along-track component, caused by uncertdmtipow far the towfish is astern of the
vessel; this depends on the length of cable oytthdef towfish and vertical catenary of the
cable (the last two also vary with the ship’s speed

e an across-track component, caused by deflecfahe towfish by tidal stream or current,
and by ship manoeuvres;

* errors in the position of the ship or boat, vihitill be transferred to the towfish.

Towfish position can be determined using an Ultnar§Baseline (USBL) positioning system
which requires transducers/receivers to be fitiedthe vessel and towfish; however the
accuracy of this system deteriorates rapidly dejmgndn the length of tow. An alternative
method, under development in Australia, utilises direction and angle of depression of the
tow cable over the stern of the vessel, togethdr wimodel of the catenary of the tow cable to
predict, reasonably accurately, the towfish positio

In addition, the attitude of the towfish may vamtho longitudinally and about its axis and thus

the direction of the transducer beams may fluctudtieis is especially true if the ship's course

or speed are frequently changing and emphasisesetx for generous overlaps during sonar
sweeping. Planning to theoretical limits of pemi@nce is almost certain to lead to gaps in the
sweep in reality.

Hull Mounting. SSS can be mounted in the hull suigface vessel. The advantages of this are
that its position, and hence orientation, are ately known and therefore the positioning of
detected features is relatively easy. Hull mountiso enables freedom of manoeuvre for the
vessel which is no longer required to tow the sensélowever there are a number of
disadvantages to hull mounting including the effgfictessel motion on SSS ensonification and
performance, possible mutual interference with othél mounted sensors, e.g. MBES, and the
fact that it is unlikely that the SSS will be opedat the optimum height above the sea floor.
Hull mounting is often the best method when opetpatn shallow water or in areas where the
seafloor topography is potential hazardous, e&f. sgewn. Otherwise, the disadvantages of
hull mounting would normally outweigh the advantage

Operational Constraints

Hydrodynamic Stability of the Towfish. Under mosbnditions the towfish is largely
decoupled from the effects of ship's motion byftagibility of the tow-cable. The assumption
is usually made that the towfish is completely kah roll, pitch and yaw, although some
motion in all these planes undoubtedly occurs.| pabably has relatively little effect on the
sonar picture, being compensated for by the widambeangle in the vertical plane. A
permanent list in one direction, which may be cdusg a distorted fin or a twist in the cable
can, however, markedly decrease performance. sHaald be suspected if one channel gives
a different quality of picture to the other.

In extreme cases it may be necessary to rely amlghe “good” channel and allow for this in
planning survey lines. Pitch and yaw are moreiagmt; with such a narrow beam-width in
the horizontal plane, these motions could decredasection probabilities of small features. A
feature that would receive at least five pulsedwitstable towfish may only receive three or
four if the towfish is oscillating in either of the directions.
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The problem of towfish stability is believed to less important than that of towfish position.
In rough weather the effects of towfish oscillatioan usually be clearly seen on the trace.
Under these conditions the reduction in the prdigbof detecting small features must be
considered. With the increasing use of heave cosgiers and motion sensors for echo
sounders and the greater importance attached txtdwf small contacts, sonar conditions
rather than echo sounder performance may be thgnlinfactor for effective surveying.

Height of Towfish. For most work the optimum heigif the towfish above the seafloor is
10% of the range-scale in use, i.e. on the 150 atedtie towfish should be 15 m above the
seafloor. SSS transducers are directed slightiyneards so flying the towfish too close to the
seafloor may reduce the range from which returmskereceived. If the towfish is too high
acoustic shadows may not be formed behind obstngtnaking them more difficult to detect.
This is especially true in deep water when a come has to be made between the need for
getting the towfish down to a useful depth and taédiring a reasonable speed of advance.

In areas of very high seafloor relief it may bedqent to tow the sonar higher than normal; in
this event the reduction in acoustic shadow orufeatstanding proud of the seafloor must be
borne in mind. This effect is worst close in te towfish where detection of small contacts is
already at its most difficult.

In shallow water it may not be possible to getttihefish as high off the seafloor as desirable.
Although the recorder will be giving a backgroumace across the entire width of the paper,
the sonar beam may not be ensonifying the entingera Under these conditions the only
solution is to reduce both the range scale antinbespacing.

As a further limitation in shallow water the transdrs may be very close to the surface with
little tow-cable streamed. This will introduce thwblem of surface noise (such as waves and
ships wake) degrading performance and may alsothedte towfish being adversely affected
by the motion of the ship. The effects of watgtels and thermoclines on SSS can usually be
ignored, they have very little effect on the raagéhe frequencies used.

When investigating contacts with sonar the towfislould always be sufficiently high above
the seafloor to allow it to pass over the obstorcin the event of an accidental “on top”. The
least depth over a feature can usually be estimatigdlly from the shadow length obtained
during the area search.

If it becomes necessary to tow the towfish at almeodther than the optimum, a confidence
check should always be carried out to confirm tstesn continues to meet detection and other
requirements. Towfish height can easily be col@doby a combination of wire out and ship’s

speed. Quickly heaving in a length of cable wilhatch” the towfish upwards rapidly, after

which it will settle back down more slowly. Thischnigque can be very useful in lifting the

towfish over unexpected dangers. As the lengthwisé streamed increases this method
becomes less effective.

Depressors. Some SSS towfish can be equipped dephessors which will drive the fish
deeper for any given length of tow cable or spdeativance. Whilst this can reduce the length
of tow required there are a number of disadvantemesing depressors:

» they increase strain on the cable resultinchanrequirement for a more powerful winch if
scope is to be adjusted underway; and manual epesatan become impracticable;
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 the shorter scope of cable results in the tréasson of ship movement down to the towfish;

+ they can reduce the effect of an increase ied@ad/or reduction in scope of tow cable on
the towfish height, thus negating the use of thitihique to overcome unexpected dangers.

When operating in close proximity to the sea fldds prudent to ensure the towfish is fitted
with a trip mechanism that enables it to flip oaed still be retrieved after a strike. In thiseas
it is possible the fins will be lost, but at ledist towfish itself is recovered. Some modern SSS
avoid the problem of fin loss by only having upwéading fins.

Direction of tow. In normal circumstances SSS #thobe towed into and out-of the
predominant tidal stream/current in order to misientheir effect on the towfish in the form of
across track positional errors. Where tidal stfeament effects are not an issue the SSS
should be towed parallel to the bathymetric cordoufhis minimises the requirement to have
to continually adjust the scope of tow when stegniiio and out-of shallow water.

However, there are exceptions to these rules. ahdwave areas, in particular, it may be
necessary to tow the SSS at right angles to treadithe sandwaves. This ensures that the SSS
looks along the sandwave crests/troughs to avegdssibility of shadow areas where features
will not be detected, see Figure 4.2.

towfish shadow area

axis of sandwav«

sandwave crest / troug correct direction of to

Fig. 4.2 Sidescan Sonar — Potential Shadow Areas$andwaves
and Correct Direction of Tow”

2.3.4.14 Effective Sonar Range. The presence of marks @sdhar trace does not necessarily indicate

that returning echoes are being received. Trarssomdosses, interference from other sources
of noise, water conditions and recorder limitati@bisrestrict the useful range of SSS. For

example with a 100kHz sonar, a maximum range ofr@76 about all that can be expected for

even large wrecks, with small contacts (1-2 m)ketli to be detected beyond about 120-150
m. Detection range varies between different SS8eatsoand frequencies - the higher the

frequency the less the detection range, althouglrdhulting picture may be better. The best
results will usually be achieved by restricting thage scale to 150 m to take advantage of the
higher pulse rates and greater definition. A shest using a suitable seafloor contact at

varying ranges will usually provide information sanar conditions in the survey area.

2.3.5 Distortions of Sonar Records

2351

Sonographs never represent isometric maps of tftoee Various distorting factors have to
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be recognised when interpreting sonograph mosaiesdp form, unless the distortions have
been eliminated digitally before the mosaic hasbemmpiled. The main causes of distortion
are:

» compression of sonograph picture with speedesse - a distortion will occur parallel to the
course made good due to variable ship speeds amstar paper feed speed, resulting
usually in a compression of the record in this aion;

 the height of the towfish above the seaflooi wilroduce a lateral distortion perpendicular
to the direction of travel;

 a sloping seafloor will introduce distortiongjpendicular to the direction of travel which are
different on the up-slope and down-slope sides.

For a given ship’s speed, range scale, paper speedowfish height, the distortions can be
calculated. During area sweeps these effects giyneonly need to be considered when
plotting contacts; during investigations they nd¢edbe considered in detail. Speed during
investigations should be adjusted to give as ldtiortion as possible, about 3.0 kt is usually
ideal.

Lloyd Mirror Effect. During sonar operations inryecalm conditions reflection of some of the
sonar energy can occur from the sea-surface, asnsho Figure 4.3. This is known as the
Lloyd Mirror Effect and results in a series of mas& and minima in the sonar image. This
effect normally occurs only when the towfish iss#ao the surface and can be minimised by
towing the towfish deeper.

Sea surface

Fig. 4.3 Lloyd Mirror Effect

2.3.5.4 Cross Talk. Cross talk between two SSS channélsresult in a mirror image of sea floor

features from one channel being displayed on tip@sipe channel, albeit usually fainter. Cross

talk can result in the true image on the effectel $eing obscured. This may prevent

detection of features or to the erroneous ‘detattitbwhat are, in effect, copies of real features

from the opposite side. This can be a particutablem in areas where there are numerous
features in which case it can be difficult to venifhat is real and what is not.
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Tilt Effect. If the side scan towfish is not beitmwved level, in other words it is tilted to one
side, the channel that is facing downwards tow#rdssea floor will result in a stronger return
signal and therefore a darker image; on the otaadhhe channel that is facing upwards will
result in a lighter image. Seafloor classificatisrbased on interpreting the image shading, a
result of the relative strength of the return signam different seafloor types. The tilt effect
can therefore result in difficult or even erroneausrpretation.

Automatic Gain Control (AGC). AGC was introduceslaameans of ensuring the SSS image
was optimised for feature detection. In other vgadrdareas of strong return, such as rock, the
gain was automatically decreased to enable featares detected against a ‘light’ background.

However, as with the tilt effect, altering the gaind hence the resulting image shading, also
renders seafloor classification difficult, if nanhpossible. For this reason AGC should be
turned off if the sonar image is to be used fofleeaclassification.

Wash and Wake. If the SSS is towed too close ¢ostirface the image can be affected by
returns from the wash or wake of other vesselsren ¢he towing vessel itself if it has recently

made a turn. Again, such interference can seyowspact seafloor classification and it is

important that a sonar log is maintained so thathsincidents can be recorded to assist
subsequent image interpretation.

Thermocline. As with any sonar, SSS transmissarassubject to the effects of their passing
through water with changing properties and whicly mesult in distortion of the image. Whilst
software can be used to ‘mould’ the image back shtape, it is the important for the surveyor
to know, and hence the degree of sonar ensonditathich is used to overcome this problem.
For instance, in areas significant to navigatiohigier level of ensonification redundancy may
be required with adjacent lines run in oppositection and possibly additional lines at right
angles, with a short range scale selected. Inifggsrtant areas the range scale employed may
be greater and the degree of overlap and redundassyand therefore distortion can become
more of a problem.

“Sound Underwater Images - A Guide to the Genematiod Interpretation of Side Scan Sonar
Data” (Fish JP & Carr HA, 1990) is an example akference text that may be used to assist
sonar interpretation.

Feature Detection

The following assumptions are made:

» feature size is defined as the length presembechal to the sonar beam;

» the minimum number of returns to make a disé@eninark on the trace is taken as five;

» sound velocity is assumed to be 1500 m/sec;

* beam angle of the sonar is 1.5°.
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Terms and Units:

pulse interval - t seconds

pulse repetition interval - F pulses per second
ship's speed (over ground) - Vv metres per second
feature length - L metres

velocity of sound in seawater - C metres per iseco
recorder range scale - Rm metres

beam width - Bw metres

slant range to contact - Rs metres

length of array - I metres

distance travelled between pulses - d metres

Basic Equations:

F =_ C pulses per second; or, t =skconds
2Rm F

Becausepis a very small angle, beam width at a given raBye = Rsx @
It can be seen from Figure 4.4 that Feature Aasléingest feature that CANNOT receive five
pings; it can receive a maximum of four (i.e. pi2gS8 and 4 and either ping 1 or 5). However,
theoretically, a small increase in Feature A's flengould mean that it received five pings; in
general, for N pulses its length is given by:

L=Vxtx(N-1)-Bw (4.1)

Feature B is the smallest feature that MUST (thiezakty) receive five pings; it is caught by
the first and just missed by the sixth. Its lenigthiven by:

L=VxtxN - Bw (4.2)

Essentially this is the same equation as usectermine speed whilst echo sounding. Both
formulae assume that the sonar beam is divergent.

In general, equation (4.1) is used when determigitiger:
* the length of feature that will receive five giat a given speed over the ground;

» the speed over the ground that cannot be exddéddeature of a given length is to receive
five pings.

There may be occasions when the surveyor feelslieprudent to use equation (4.2) giving a
greater probability of detection.
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Fig. 4.4 Diagram showing Feature Detection

Calculation of Speed of Advance (SoA)

A typical survey scale is 1:25,000 in which case tisual spacing of lines is 125 m with the
SSS on the 150 m range scale. In general, itiaradgeous if bathymetry and sonar sweeping
can be carried out at the same time. With lines dRapart a swathe 25 m either side of
adjacent lines is ensonified, although this maydokiced with wayward line-keeping.

To recognise a feature on the SSS trace it is Bapgso ensure it receives five pings. To
identify it as a significant feature requires a faonatory detection from another line. This
does not mean that contacts not detected on adjiwes may be discarded as spurious but that
a small wreck at the outer edge of the SSS trageaasily be overlooked.

In an area sweep it is then necessary to detertinenspeed over the ground which must not be
exceeded in order that a feature of one metre rigtheshould receive five pings from two
adjacent lines. This gives the Speed over the @¢80G) which should not be exceeded.

n | 8 1 ¢
125m : > : 125m

; +—150m
k o5 e 259
i ]
| i
| |
|

Contact 10 ; :
1 1
: c :Contact 2
( |
1 1
1 1
1 l
1 I
: : o Contact 3
1 1
1 |
i I
1 ]
[} |
t |
1 1

Fig. 4.5 Calculating Speed of Advance
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In Figure 4.5 A, B and C are three lines spaced m2&part. A survey vessel is operating its
SSS on the 150 m range scale. What criteria meusabsfied?

Near Field. The near field limit is usually withB® m. Therefore with a 25 m overlap from
adjacent lines a feature which would not have kexkfive pings at a given range in the near
field on line B will get five pings from both lines and C. In this case the near field detection
speed of 3.6 knots is not a limiting factor.

Far Field. Contact 1 should be detected from lesd B, Contact 2 will get five pings from
lines A and C, Contact 3 from lines B and C. Inecessary to calculate the speed over the
ground that must not be exceeded if a contactrmftleL m is to get five pings at 25 m.
If L = 3.0 m then:
From equation (4.1) the maximum length of feathe will not get five pings is:
L=Vxtx(N-1)—-Bw

where Bw = 25.0«-¢

N=5

t=0.2 sec

L =2.999 m (see Note)

Note: because theoretically a slightly longetdee, i.e. 3.0 m, should get five pings.

rearranging: V = L + Bw
(N-1)xt

2.999 + 0.6545
4 (0.2)

4.57 m/sec or 8.9 kt

In fact for practical reasons the towfish should @ towed at speeds over the ground in excess
of 8.0 kt, or small features will be missed, orktdts through the water since above this speed
the towfish is liable to yaw. Note also that ¥dipings to a feature are to be “guaranteed” then
equation (4.2) should be used giving a V of 3.65ewn/or 7.1 kt.

If the requirement is to detect features 1.0 nemgth from two lines then:

\Y

0.999 + 0.6545
4 (0.2)

2.067 m/sec or 4.0 kt
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However if five pings into a one metre feature frone line only are to be required then:

\Y

0.999 + (72.5Bw)
4 (0.2)

3.623 m/sec or 7.0 kt

The danger with using the last of the above equoatis that the probability of detection of a
small feature in a “one chance only” situationoia|

“Fast” SSS. As technology evolves some SSS aestabbe operated at faster speeds over the
ground than was previously possible. An exampléhésKlein 5000 series, which employs
beam steering and focussing techniques simultahegemerating several adjacent, parallel
beams per side. This “multibeam” design permitthai towing speeds whilst providing high
resolution imagery. Other SSS developments incthdeuse of interferometric, multi-pulse
and synthetic aperture techniques. However, #s &li such sensors, it is essential that its
performance is validated against known targets,ciwvhiepresent features required to be
detected. Validation should be followed up byialiand regular repeat confidence checks in
the survey area.

Track-Keeping Errors

A question that needs to be addressed is how faraok can the survey vessel go before a gap
in coverage is created? Assuming only one dete¢five pings) is required to a 1.0 m feature,
a standard 1:25,000 survey is being undertaken limigis 125 m apart and range scale 0-150 m
selected, then overlap is 25 m. The sum of anyr&must be contained within this figure.
For example:

towfish position el 10 m
vessel navigation e2 5m
slope effect e3 1m
sound velocity variations ed 15m
therefore ye'= 128.25 m
total error RMS E= 11.3m

Overlap is 25 m, however only 24 m is useable (batact has to paint) therefore total
allowable track error ¥ [24°-3€’] =21 m

This assumes that a feature is detectable at 1d®ene it will paint as a black dot 0.8 mm by
0.8 mm with a 1 mm shadow (that is if the shadowdsobliterated by the 150 m range line).
A more prudent off track allowance would be 15 his plots as 0.6 mm at a scale of 1:25,000.
Practical use of Side Scan Sonar

Area Sweep is the name given to the standard hyalpbg: sonar search method. The

categories of sonar sweep required for any givewesuwill be specified in the survey
instructions. An example of categories of SSScéesr as follows:
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Category A and B. Search in one direction anigareciprocal using SSS. Where practicable,
adjacent lines are to be run in opposite directiofearches for all listed wrecks are to be
conducted. Examples of sonar line spacing, rangke soverlap to be achieved and maximum
speed over the ground to be used are given at Rable

Category A sweeps are intended to be the starslaegps for coastal and inshore areas not
subject to routine re-survey. These sweeps ar@gyrisd to achieve a theoretical seafloor
ensonification of 240%, i.e. [2 x effective sonange/line spacing] x 100 = % ensonification.

Category B sweeps achieve a theoretical seaflosorefication of 133% and may be used for
routine re-surveys and in depths greater than 10@hmre detection of all features is less
critical.

Category C. Only searches for listed wrecks atestconducted.

Category D. Special searches as ordered. Tluisides special instructions for use of
particular SSS and hull mounted sonars etc.

Max
Catedor Tvoe of Surve Sonar Line | Sonar Range Speed Adjacent Line
gory yp y Spacing Scale (?[\r/]ir Overlag
Ground
Al Special 125 m 150 m 6 kt 25m
inshore & coastal surveys
at >1:25,000 in depths <15 62.5m 75m 12.5m
m
inshore & coastal surveys
A2 at >1:25,000 in depths <50 125m 150 m 8 kt 25m
m
shelf surveys in depths (See Note 2
>50 m and/or scale 250 m 300 m 50 m
<1:25,000
Bl routine re-surveys 250 m 150 m 50m
shelf survey scale <
B2 11.25,000 in depths >100 m  °%0 M 300m 100m
Table 4.4 — Sidescan Sonar Search - Categories AdaB - Example Criteria
Notes:

The overlap under adjacent lines is to allomiifoited wayward line-keeping and positional
inaccuracies. If the surveyor considers positionatcuracies and/or wayward line-keeping
exceed this figure then he should adjust the lm&cimg or range scale, with subsequent
speed adjustments, as necessary.
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See previous comments with regard to use at™faSS which may enable these speeds to
be increased.

It is emphasised that these reflect minimum staidsjaf in doubt over sonar performance, line
spacing should be tightened or speed reduced! tass it is necessary to refer to the relevant
IHO S-44 or S-57 ZOC standards to ensure searchreggents are met.

The use of a regular series of parallel straigtgdiremains the most efficient way of covering a
survey area. The line direction will be close lte direction of the tidal stream to minimise
towfish offset. The line spacing for the sonae$ris determined by the range scale in use and
the overlap required. It is recommended that thexlap between adjacent swaths is 125%.

For military surveys on the continental shelf intevadepths less than 200 m, the requirement is
often to detect all contacts larger than one matextent. With existing equipment this cannot
easily be achieved and a compromise between thiéreasents of sonar and bathymetry must
be reached. A sonar sweep which will detect ongraneontacts in depths less than 140 m
provides this compromise. For the normal scale2&,000, this means a line spacing of 125
m, sonar range scale of 150 m and a speed oveagrtlumd no faster than 7 knots. Existing
equipment cannot effectively be deployed deepan #80 m and, in water between 150 and
200 m depth, the search will be restricted to lioggliarge wrecks and obstructions.

Unmanned Underwater Vehicles (UUV). The employmehtJUV equipped with SSS and
MBES is becoming increasingly common. These ptatfbenable sensors to be operated at
great depth and at the appropriate altitude abbeestafloor. Thus it is likely that small
features will be capable of detection at greateptltle than is currently possible when
employing surface vessel mounted or towed sensors.

Sonar sweeps should always be undertaken with tirieatated as closely as possible parallel
to the main tidal flow in the survey area. Thessrtrack errors in the position of the towfish
are invariably greater than those along the trak every effort should be made to minimise
them. At a speed of 6 kt with 400 m of wire out antidal stream of 2 kt, a difference of 10°
between tidal flow and line direction can offset towfish 17 m from the line.

The running of an extra sonar line immediately wmigtseach edge of the survey area is
necessary to ensure that the ordered category eépswontinues to the limit of the area.

Similarly, care must be taken to ensure that th® ®8/fish has cleared the edge of the survey
area before a survey line is ended.

It must be remembered that speed and feature aeteptobabilities calculated here are
theoretical and take no account of adverse somatitons and equipment failings.

Plotting of Contacts. The detection of seafloantacts between survey lines is one of the main
reasons for using SSS. The ultimate use of th@nmdtion must always be considered when
deciding which contacts to plot; for example, sulimes will not take the ground in areas of
rough seafloor and minewarfare operations will llguze selected to avoid them. In areas of
smooth seafloor the aim must always be to detegttpdot every contact; in more rugged areas
this standard will have to be relaxed. All sucihte@ts must be plotted and allocated a contact
number which will ultimately be included in the #lear classification model.
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2.3.9.10 Various techniques have been developed to plotactsitfrom manuscript SSS records; all

2.3.9.11

2.3.9.12

2.3.9.13

attempt to reduce the errors in the contact posit@aused by errors in towfish position and
orientation. Different techniques are to be used dontacts plotted from area searches,
investigations and examinations:

« Contacts from area searches are usually plotted fwo directions 180° apart. The standard
“layback and offset” method should be used, with ttean of the two positions adopted as
the most likely position.

 Investigations should produce a minimum of tvaire of passes for each contact at right-
angles to each other, orientated in such a wag fis the extremities.

 When a contact is examined by echosounder, #s¢ fon top” position is to be used in
preference to any SSS derived one, where possiblecho sounder line should pass the
length of the long axis of the contact.

Measurements by Sonar. A good “beam-on” SSS miatfia wreck or obstruction can usually
be used to estimate its height above the seaflsmguthe sonar “shadow”. Although not
accurate enough for charting purposes, this hesgiry useful for the safety of both ship and
towfish when planning investigations. Estimateshef beam and length of a wreck can also be
obtained from the sonar trace. The following pestiould always be considered:

* when estimating heights from sonar shadows thegnce of higher parts of the wreck (such
as masts), which do not throw a detectable shadoayld always be borne in mind;

» shadow heights must be measured from both sitit®e wreck and the results meaned - this
helps to correct for errors introduced by seaflstmpe (it should be noted that heights
obtained in the near nadir area by this method beagverestimated by up to 20%);

* measurements for length and breadth should avie@ytaken perpendicular to the towfish
track and must always be corrected for slant raligfertions.

Conduct of Investigations. Investigations (or ek@tions) are conducted to improve the
classification of a contact located during an assmrch. The following technique is
recommended:

 relocate the contact by SSS, aiming to passtBOAi from it; this will normally be sufficient
to eliminate ephemeral contacts;

« verify and/or improve its position;

» conduct the examination.

The 150 m scale is usually best (use of the 75 atesmay result in the shadow from a large
contact extending off the trace). Speed shoulkidpe to about 3 kt, to reduce distortions in the
record, with the towfish about 15 m clear of thafl®r. Providing good pictures are obtained,

four runs (comprising two perpendicular pairs) dtidae sufficient. In the case of wrecks, one
pair of tracks should be parallel to the long afithe wreck and one pair perpendicular to it.
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The above procedure will usually give sufficientadéo determine whether an echosounder
examination is required and also will allow measugats of length, beam and height to be
made. The SSS should always be recovered befose sbunding. If several contacts which
need sonar examination exist in the same genezal ime can usually be saved by examining
the whole group with sonar before recovering theas@and obtaining a least depth by echo
sounder.

Disproving Searches. Charted wrecks, obstructisrather dangerous features which have not
been located and examined during a survey musidpeoded if possible. They will not be
removed from the chart without a positive statenfemin the surveyor in charge that this is
justified and why. The procedure for conductindjsproving search is outlined below:

» Features whose positions have been previoutdpleshed but which cannot be found during
the survey need a very detailed investigation spmive them. Such searches are to include
a sonar sweep in two directions at right anglesatth other and a close echo sounder search
over a radius of between 0.5 and 2.5 Nautical M{lE#) from the charted position.
Consideration might also be given to undertakimgra sweep.

* When searching for an feature whose positiooniy known approximately [usually a (PA)
wreck], the sonar search should also be undertakdwo directions at right angles and
consideration should be given to extending thecteawrer a radius of at least 2.5 NM, a
distance based on the statistical probability ahsa search being successful. However, if
the surveyor is confident that the initial arearskean one direction was entirely thorough,
and that the sonar equipment was operating satisfigc he may consider that a second
search in another direction is not necessary, lgavéigard to the size and history of the
wreck concerned and the position in which it iegdd to lie. If, during the initial sonar
sweep, a magnetometer was also deployed and ncechamkgnetic anomaly was detected
within 2.5 NM of the charted position, this may &decepted as additional evidence that a
wreck with a predominantly ferrous content doesaxidt in the area.

» Searches for wrecks not within a regular surama must be extended to a radius of at least
2.5 NM. Whether there is need to carry out a seécweep at right angles to the first will
depend on the same considerations as above.

Whatever the outcome of such searches, whethearsopa larger survey or as individual
examinations, the surveyor must report the findingsill with supporting records as necessary
and a positive recommendation as to future chagatmpn.

Positions Errors of Sonar Contacts

During normal area surveys the surveyor's primanycern is to attempt to ensonify the entire
seafloor in order to detect any significant featurkny features of significant size will then
usually be accurately fixed by echosounder.

However in some special surveys it is essentidldbgrecise a position as possible is given for
each contact, particularly for small seafloor cotga These will not necessarily be fixed by
echo sounder. It is thus necessary to considénakrrors accruing in the plotting of a contact
from SSS trace.

Uncertainties in the position of a contact will igerfrom the following (e.g. £b):
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uncertainty in vessel position - 50m
uncertainty in towfish position (see Note) - 10m
variations due to assumed SV (1500 m/sec) - 15m
resolution of paper trace. (0.75% range scale) - 0.75m
errors due to seafloor slope - 1.0m
therefore, total error (RMS) (1 sigma) = 114 m

Note: This can be an unknown quantity dependinguse of a precision towfish tracking
system. Evidence suggests that the towfish cailaiec20 m about the towing vessels track.
The value is also dependant on the depth and lerfgtbw cable. An estimate of £10 m is
therefore assumed.

2.3.10.4 The values given above are examples only and shéslnot exhaustive. The surveyor should
consider the table of errors for each part of hiwey and comment on them in the Report of
Survey, as is the case with echo sounder errors.

2.3.10.5 Uncertainty in the position of the towfish is theegtest potential source of error. Unless a
method of accurately positioning the towfish is émgpd, surveyors should make every effort
to minimise the offsets by planning tracks paraitethe prevailing tidal stream or current. |If
this is not possible every opportunity must be matae quantify the offset of the towfish to the
track by reference to seafloor features whose ipositare known. If there is any risk that full
ensonification is not being achieved, the simpksdution is to close up the sonar lines,
accepting that this will result in a reduction @e of effort.

2.3.11 Plotting and Measurements from Sonar Records

2.3.11.1 Layback. Layback is the distance astern of thaidaposition that the towfish is assumed to be
(see Figure 4.6). In the normal course it candmeputed as follows:

Fig. 4.6 “Side scan Layback”

Note: When the wire out exceeds 100 m, the ofktire has a greater effect on the tow than
the hydrodynamic properties of the towfish.

Layback = DT + [WO? - DS
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where: DT = horizontal distance from fix pointttav point,
WO = amount of wire out from tow point, and
DS = depth of towfish below surface.

Note: When the wire out exceeds 100 m, the bifhtice has a greater effect on the tow than
the hydrodynamic properties of the towfish.

2.3.11.2 This assumes that the wire takes a straight lind frmm the tow point to the towfish.
Obviously this is a simplification; the wire is aatly in an irregular catenary in both horizontal
and vertical planes.

2.3.11.3 Correction for Slant Range. Slant range may beected to horizontal range simply by use of
Pythagoras’ theorem. If the seafloor is slopingnth correction factor will have to be applied.

2.3.11.4 Geometry of Heighting from SSS. One of the mogtanant capabilities of SSS is its ability
to enable the height of a feature to be measum@d the length of its shadow on the sonar
trace. However, this capability depends on the B&B8g operated at the correct height above
the seafloor and selection of the optimum rangé&sc@he geometry of heighting from SSS is
shown at Figure 4.7.

Sea surface

Tow fish Oe

-~

-
-~
-
~

Sk
2 Bange

~-—
~—
-~
-
-—

™ - WLeck S
T -bado
Seabed H (87 <%

Fig. 4.7 Heighting from Sidescan Sonar
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Therefore, by similar triangles - H=x%
R+S
Where: H= height of the feature
S= length of feature shadow
R= slope range
h= height of towfish above seafloor

2.3.12 Multibeam Echo Sounders

2.3.12.1 For bathymetry the MBES has quickly proven its siguecapabilities allowing it to provide (in
theory) 100% ensonification of the seafloor whitsteting IHO specifications for bathymetry.
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The fact than a MBES transducer is rigidly mourttethe hull of the survey vessel means that
its position may be calculated as accurately asdhthe positioning system in use. Coupled
with the capability of forming discrete beams, MBESbecoming the tool of choice for
bathymetric surveys.

Given a MBES'’s positional capabilities, subsequeasses over the same stationary feature
should yield exactly the same geo-referenced pwositiThe small difference, if any, in the
contact’s position is of great advantage when logKor features which may be revisited for
purposes of in-situ identification either by ROV diver. Unfortunately, however, the fixed
transducer results in broad grazing angles whiemat conducive to real time feature detection
using the same shadow-casting principles of the. S®8tection, therefore, must focus on
variations in the resultant bathymetry caused t®ature on the seafloor.

Survey Methods. The requirements for a MBES sumiegre SSS is towed simultaneously are
similar to the requirements for a traditional SBE$he use of a regular series of parallel
straight lines remains the most efficient way ofexing a survey area. The line direction will
probably be determined by the SSS requirementhileatirection is close to the direction of the
tidal stream. One difference with the MBES is thiaice the system collects data in a matrix
that is as dense along the line as athwartshipse tis no requirement to cross the contours at
right angles to determine their position accurately

Line spacing for the sonar lines is determinedsamlby the range scale in use and the overlap
required. The difference here is that almost @dgtal00% coverage will be specified for
bathymetry as well. In shallow depths, under saynBthe line spacing required to achieve
100% bathymetric coverage with the MBES may be flean that required for SSS. It will be
for the surveyor to determine if it is more efficido complete the SSS coverage as normal, and
then to run interlines using MBES alone where reggljior to complete the MBES coverage on
the first pass.

Where multibeam determines the line spacing, thaired spacing will depend on the average
and minimum depths in an area. The multibeam swadkh is depth dependant. Where the
depth varies significantly over the survey arean@y be more efficient to split the complete
area into subsections and to run each subsecti@nliae spacing appropriate to its depth.
Current recommendations are to achieve an averagidap between adjacent swaths of 25%
with a minimum overlap of 10%.

Where MBES alone determines the line directiond@urvey, and where the sound velocity
profile throughout an area is similar, then the trefficient line direction is parallel to the
depth contour lines. In this way, the swath widtid the overlap between adjacent swaths will
be more even and the line spacing can be wider.

Considerations when using Multibeam Echosounder

Despite early predictions and manufacturer’'s claithe detection of small and potentially
hazardous features by MBES cannot be taken forteglanFor instance, even if the mast of a
wreck is ‘pinged’ by MBES, built in noise reducticagorithms will likely eliminate the
feature; whilst turning such filters down or off uwd introduce so much noise as to make the
data unusable.

Another fundamental factor is MBES beam geomeffe various makes and models are of
different design and, in some instances, leavetivelg large gaps that are not ensonified
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between beams. Interferometric MBES, for examgdm, suffer from poor feature detection in
the nadir area due, simply, to the physics of tyyaé¢ of system.

2.3.13.3 Surveyors must verify the performance of a MBESkeeit is employed for feature detection;
including determination of an appropriate swathttvighing rate, speed over ground etc. Many
agencies responsible for nautical charting stduiee the use of SSS for feature detection, with
MBES providing bathymetry and a check on SSS feadlgtection. MBES beam geometry and
feature detection potential is discussed in detiaiHow Effectively Have You Covered Your
Bottom?” - Miller JE, Hughes Clarke JE, & Patersbn The Hydrographic Journal No.83
January 1997.

2.3.14 Magnetometer

2.3.14.1 This instrument can prove very useful in differatitig wreck from rock if the wreck is ferrous.
A brief outline of the theory of operation of magpmeters can be found in the 1981 FIG/IHO
“Report on the Detection of Depth Anomalies”.

2.3.14.2 Whenever possible, a magnetometer should be usétydhe basic sonar sweep because this
will provide additional evidence of the existendeferrous material on or below the seafloor,
although it cannot locate it precisely.

2.3.14.3 The intensity of the magnetic field from a ferrdaature falls off proportionally with the cube
of the distance from the feature. A general foanfdr computing the change in field in
nanoteslas (nT) to be expected as the magnetometisplaced from the feature is:

M = 50,000« W
B
where: M = change in field intensity in nT,
W= weight of ferrous metal in tonnes,
D= distance of feature from detector in metres.

2.3.14.4 Generally, 5 nT is the smallest change of magriid intensity that can be reliably detected.
Then, for a change in intensity of 5 nT, the equratibove can be written to give:

D =3/10 000x W

or, for a series of features:

Feature Detection Range
100 kg anchor - 10m

1 tonne mine like object - 22m

2 tonne cannon - 27 m

10 tonne wreck - 46 m

100 tonne wreck - 100 m

1000 tonne wreck - 200 m
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For example, during an area sweep with lines 12part in a water depth of 50 m and with the
magnetometer towing 3 m below the surface, frontab&e above it can be seen that:

» a 100 tonne ferrous wreck will probably be detddrom at least one of a pair of adjacent
lines and anything larger than 1000 tonnes shoelddiected on several lines;

» a 10 tonne ferrous wreck may just be detectezttly below the magnetometer;
+ anything smaller than 10 tonne is unlikely todeg¢ected;

 a ship of about 1,000 tonne (ferrous metal) nmstthe magnetometer 200 m astern or else
tabulated detection ranges will be seriously degplad

Many magnetometers are designed to be towed vepe db the seafloor. This will increase
the probability of detection of small ferrous feasi However, care will have to be taken to
prevent fouling the SSS cable, a danger less etigin a surface towed magnetometer.

Other Methods of Feature Detection
Other sensors with potential for feature detectimtude:

Singlebeam Echosounder (SBES). Not normally eyguiofor feature detection in shallow

water due to its relatively narrow beam width, whimakes a full area search impracticable.
SBES can be used as a check on MBES which havenawlir feature detection performance
and in deep water beyond the range of shallow WABES. However, in all these instances
use of SSS for feature detection should be coresider

Airborne LIDAR Bathymetry. ALB systems such asD8 Mk.2 and CHARTS are capable of
a full area search and of detecting features twivemesquare. This means they can meet IHO
standards in clear waters suitable for ALB operetio Future development to further decrease
spot size to enable detection of smaller featiwexpected.

Airborne Electromagnetic Bathymetry. Originallesigned for geophysical survey, AEM
methods offer the potential for feature detectionh this capability has yet to be demonstrated
to IHO standards.

Forward Looking Sonars (FLS). Originally designpdrely for navigation and collision
avoidance, some recent FLS developments offer batric and feature detection capabilities.
To date, however, these capabilities have not monstrated as meeting IHO feature
detection, but they may achieve low order bathyynetandards. They cannot currently be
considered a stand-alone hydrographic survey sensor

Obtaining Definitive Least Depth over a Feature

The surveyor must establish the least depth ovechksr and obstructions and the following
guidance may assist in deciding upon the methazkamination, i.e. obtaining the least depth.
Whichever method is employed, the opinion of theveyor as to the accuracy of the least
depth obtained is of vital importance and must taged in the Report of Survey. If a least
depth is not achieved, the examination must &##llt in positive recommendations regarding
the likely accuracy of the depth obtained and fizhiarting action.
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The horizontal and vertical accuracy of a leastliepust reflect the accuracy criteria detailed
for the survey as a whole and, in turn, those staigdin IHO S-44 and/or S-57.

Echosounder Least Depth

The least depth may be obtained by saturation SRiE#&ding. The required line spacing is to
be calculated from knowledge of the echo soundembeidth and general depths in the area,
allowing an overlap of at least 25% between lingsttention is drawn to chapter 3, paragraph
4.5, with regard to calculating the area ensonifiggingle beam echosounders.

Alternatively, MBES may enable the least depthémbtained. However, as noted previously,
if MBES is employed the surveyor must be certamt the system’s capabilities are such that
the definitive least depth is able to be determin€&lis is particularly the case if the least depth
is over a mast or similar feature. Consideratibese include the beam width and spacing,
speed over ground, optimum part of the swath ffiaglir, inner or mid swath) to be placed over
the feature, number and direction of passes reduitemay be, however, that MBES is best
employed to identify the boundary of a featureralde a first-pass or, at least, a less extensive
SBES examination to determine the least depth.

Use of Divers

An alternative is the use of divers, assuming uligip strength of tidal stream and depth of the
feature allow their employment. Where divers canemployed, ships should plan to allow
sufficient time for the task to be completed safmtyl accurately. If depth gauges are used to
determine depth, the accuracy of the gauges shmaildetermined. The least depth over a
feature can usually be obtained by divers in laas tan hour, whereas a wire drift sweep can
often take four hours or more.

In certain circumstances, the surveyor will be cied to use divers. If the least depth is likely
to be less than 30 m, the use of a diver must hsidered. If a wreck has been wire swept or
investigated by diver within the last five yeans position is unchanged and echo sounder
depths over it show no significant alteration, tise of divers should not be necessary.

Where general depths around the wreck are markkffigrent from those charted or when it is
known that salvage/dispersal work has taken plamm ghe last survey, the use of divers may
be necessary.

If SSS traces indicate the vessel to be lying srside or with its keel uppermost and several
consistent echo sounder depths have been obtafodtier investigation should not be
necessary. However, if there is any possibilityt thhere are projecting structures which may
not have been revealed on sonar or echo sounéerditiers should be used.

Areas charted as ‘foul’, especially in an anchorageed special consideration as seafloor
movement may expose debris not previously congiddrazardous; a diver's report is
especially useful in these circumstances.

In areas of strong tidal stream and mobile seaflwoeckage may shift and it is possible for the
least depth over it to become markedly less. Wgéoksuch areas should always be viewed
with suspicion and, where other evidence suggestsbie necessary, diving should be carried
out.
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Other Methods

Other methods of obtaining the least depth oveeaufe include wire sweeping (see next
paragraph) and the use of autonomous and remoteleglequipped with suitable sensors.

These, if nothing else, can be used to identify ghealest point on a feature for subsequent
measurement. These methods are not describedkiih lukre.

Methods of Wire Sweeping Wrecks

In many cases the only positive means of establisttie least depth over a rock pinnacle or
wreck is by use of a wire drift sweep. There aneesal methods:

Single Vessel Drift Sweep. This is a slow but aatel method which is, nevertheless,
impossible if wind and tide are at right angles dificult if opposed. Wire angles must be
minimal and there must be no ahead or astern mavetheing drift. Surveyors using this
method should beware of the gentle foul, of leawgags in swept path and of excessive wire
angles.

The optimum situation for a single ship sweep:

 the wreck should be properly examined by echunder first;

» a marker buoy should be laid approximately omeep width up tide of the wreck;

» angle of sweep to be less than 20°;

* no engines used, i.e. drifting;

» constant tension maintained on the sweep.

Two Vessel Drift Sweep. The procedure is simitasingle vessel sweep. Considerations are:
» greater swept path than single vessel sweep1200n maximum);

* need to know position of wing vessel;

» good vessel handling required;

» vessels to be stopped and drifting;

» sag (wire out) and lift (wire tension);

» greater tendency for vessels to roll;

» vessels will slowly pull together.

Accuracy factors include:

» sweep angle is caused by movement through titeraad tension placed on wire sweep and
must be kept to a minimum;
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» wire sag is affected by weight of the wire ahd width of the sweep;
+ greater tendency for vessels to roll, hencedessracy than single ship drift sweep.
2.3.20.6 Underway or Drag Sweep.
2.3.20.7 Accuracy factors are:
» the sag tends to disappear due to wire liftingrmvement through the water;
 variable tension of wire and drag speed meansrtain angle of sweep.

2.3.20.8 Drift and drag sweeping are discussed in detaithi “Admiralty Manual of Hydrographic
Surveying”, Volume 2, UK Hydrographic Office, 1969.

2.4 Side Scan Sonar records

2.4.1.1 This section outlines records associated with SSe surveyor is to be scrupulous in
confirming that there are no inconsistencies betwae®/ of the records.

2.4.1.2 Bridge records will vary from ship to ship deperglion the type of data logging equipment in
use and preferences of the surveyor. Howeves, itéommended the following information
should be available to the sonar interpreter:
+ date and time;
» speed over ground;
» base course and course over ground;
» ship’s head;
e wire out;

» remarks, including sea state.

2.4.1.3 Sonar Contact Book. This is the master recordafbsonar contacts. Where applicable, it
should contain the following for each record evtdda

 sonar roll number and associated echo roll (gitad equivalents);
+ dates and times;

e contact number;

* position details;

 port/starboard;

 slope range;
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» layback;

* height of towfish above seafloor;

e contact assessment, i.e. shadow, cross-tadgsity, initial classification;

« further action required, i.e. investigate, ilite, quick look, no further action (NFA) etc.;

» action complete with final classification andference to associated wreck records if
appropriate.

The sonograph (if applicable) must be marked upubaneously with the echo sounder trace
and should carry a comprehensive title. It shdudremembered that the deck book and
sonograph may become separated and there is menicluding sufficient information in the
latter to enable it to stand alone for analysis e@mecking purposes.

Wreck Records

The accurate processing of wreck records is a toressuming task. The establishment of a
fool-proof procedure at the outset will often saemfusion and errors later. The position and
details of individual wrecks may appear on sevel@uments and great care is needed to
ensure that these records are both consistentaarett

The surveyor must ensure that the following addsitake place:

» working records are logged and systematicatiyest;

« all contacts are investigated and examined iarderly way;

» wreck reports are completed where needed;

all wrecks are plotted on both working and faicords;
« all positions and details are consistent.

Wreck data may appear in the following fair records

« fair sheet (or digital equivalent) on completion

» sonar track plot;

» seafloor texture tracing;

» annotated side scan and echo sounder tracesligdaal equivalents, i.e. SSS contact
thumbnails);

» the Report of Survey.

Positional accuracy of wrecks. The position ofrack in all records must be consistent. The
following procedure is recommended:
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» select the best echosounder “on top”; deterriieenavaid readings for that position, either
from an “on top” fix or from the wreck investigatigplot and convert this to latitude and
longitude to provide the master position;

 record the position taken during the best echider “on top”;

» plot the master position on the track plot, sooentact plot, seafloor texture tracing and
sounding tracing (as appropriate);

 record the master position in the Report of 8urv

The Fair Sheet should show the position and leggthdof each wreck located. If it has not
been possible to examine it fully, a danger ciicleed should be inserted with the legend
“WK(NFS)” — i.e. ‘not fully surveyed'. It is impaant that no depth should be inserted in the
circle as this may be mistakenly treated as th&t ldepth during subsequent processing.

The sonar tracing is to show the position of eadeclw using the appropriate symbols
contained in Chart INT 1.

Each listed wreck or obstruction is to be accomg@nby representative examples of
echosounder and SSS traces illustrating the feésareen images, if the echosounder does not
have paper trace). Traces are to be annotatedhéttate/time of fixes bracketing the feature,
the ship’s course and speed made good over thendrand, in the case of SSS traces, the
ship’s true course and the distance of the towfisim the point of fix. The least depth
obtained or calculated should also be inserted.

As much detail as possible is to be shown and shiaalude the following:

» position in which the wreck was located, togethi¢h the horizontal datum of the survey;

« fix obtained - this is to indicate which corriects were applied;

» the least depth recorded, how it was obtaineti ahether the surveyor considers it to be
definitive - if the charted depth is different therveyor should express his view as to the
reason for the difference, if the height of the elrdas been calculated from SSS traces, it
should be stated whether it is a mean of heightimitodd from opposite directions;

» approximate dimensions and orientation, togethiéh any evidence (e.g. a diver’'s report)
about the wreck’s identity and condition;

» details of the tidal reduction used;

» general remarks, especially any correlation wither wrecks in the vicinity or listed,
existence and depth of scour; general depths andenaf seafloor.

Sonar Coverage Records

Whenever sonar is used during a survey, a tradirtjeasame scale as the Fair Sheet is to be
prepared to show the following data:

» vessel's track whilst carrying out the sonarskea
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limits of the area searched by sonar,

limits of areas closely examined (examinati@tks need not be shown),

 positions and identifying numbers of all wreeksl obstructions located during the survey,
» positions and identifying numbers of all wreeksl featuress listed in the Report of Survey.
When a searchlight sonar has been used in conjumeith SSS, the tracing is also to include:
» areas of numerous echoes;

« all firm contacts and the direction in which yheere obtained (ephemeral contacts should
not be shown);

* classification and quality of these contacts ahéther examined.

All positions of contacts and wrecks are to be feelse cross-checked with other tracings,
forms and reports. The following symbols are taubed on sonar tracings:

wreck - WKk

wreck, not fully surveyed - WK(NFS)
possible wreck - WKkK(U) (see Note)
bottom - B

good sea floor contact - g

fair sea floor contact - f

swept wreck - WK

Note: where it has not been possible to conthiemidentity of a contact as a wreck, but it is
sufficiently strong to merit its classification aspossible wreck’, the additional qualification of
“(U)” (unexamined) should be used to indicate atoitlusive examination. “(U)” should also
be used when a contact has not been examined. affhé classification of “Wk(U)” should
result in a wreck report.

Ship’s track and fixes. Where the ship’s trackgonar operations differs from those of main
sounding, sufficient fixes are to be identified aadnotated on the tracing and should be
abbreviated except for the ends of line.

Limits of area searched. Green line for SSS, irelfor searchlight sonar, and blue outline for
areas of intensive search (with result in manuscoripeference to other record).

Listed wrecks. Non-dangerous wreck symbol in blaik Wreck List number.
Located wrecks. Black circle 5 mm in diameter.
When searchlight sonar alone has been used thiegriscto encompass the entire survey area

(ideally an overlay of the largest scale chartagographic map covering the area). It is to
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depict the limits of the area swept by searchliggniar and may be combined with any other
tracing, providing clarity can be maintained. Timfrmation is used by the charting authority
in assigning data quality attributes.

Sonar tracings are to carry a clear and comprehendy to the symbols used. In addition,
SSS tracings are to carry a table showing the t@ipgrapecifications, including range scale,
mode (survey or search), beam depression and averagish height.

Some of the data required above may be combinddatiiter tracings provided their inclusion
does not interfere with the clarity of existingdiray.

SEAFLOOR CLASSIFICATION
Background

There are three requirements for seafloor clasgifin, i.e. nautical charting, commercial/
environmental and military.

Nautical Charting. A relatively simple classifiat method is used for nautical charting and
navigational purposes; it is defined as determinirggcomposition of the seafloor. A list of the
classifications is contained in Chart INT 1. Tharmer needs this information:

» to decide where to anchor;

 to determine the type of holding ground and mowmch cable to use;

* to help assess the safety of an anchorage;

* to provide an additional check on navigation.

Commercial/Environmental. A more detailed classifion, usually obtained using commercial
processing software and used for:

» offshore engineering e.g. siting oil platforrheacons and sea walls,
* mineral exploration;
« fishing etc.

Military. A combination of four basic seafloor typ with detailed and specific additional data
and attributes. Military users rely upon this imf@ation for:

» amphibious operations;

* mine countermeasures, i.e. selecting operatiegsain order to avoid those of unfavourable
seafloor topography;

» submarine and anti-submarine operations, esfpction of safe areas for submarines to take
the seafloor;

e sonar acoustic performance.

C-13



3.1.14

3.1.2

3.1.2.1

3.1.2.2

231

In future, military seafloor classification infortnan is likely to be distributed to headquarters
and operational units in the form of Additional Nty Layers (AML). These are able to be
read in embedded geographic information systems camimand tactical decision making
systems.

Seafloor Classification Models

Information is normally presented as a seafloossifacation model, examples of which are at
Fig 4.8. Data may be obtained by SBES, MBES, &8bactual sampling, and is presented as
a mixture of symbols and words. Like all fair reat® the information must be accurately and
clearly plotted.

The following information is to be shown in seafiatassification models:

¢ natures of the seafloor from samples;

* texture of the seafloor from echo sounder, S8S e

« seafloor contacts and features (i.e. wreckg] saves, trawl scours);

e depth contours.

3.1.2.3

Fig. 4.8 Example of Sidescan Sonar Mosaic and Clafsation Models
(using QinetiQ ‘Classiphi’ software)

Examples of Sonar Records. The problems in idgngfwrecks on sonar records are well
known to surveyors and need no further amplificati&éxamples of sonar records for seafloor
classification comparisons can be found in “Songigsaof the Seafloor” by Belderson,

Kenyon, Stride and Stubbs.
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Seafloor Samples

The nature of the seafloor is to be obtained irtltefess than 200 m as follows:
* to assist with the interpretation of any SSSrds;

* to provide ground truth and confirmation of $eaf classification models;

+ in all likely anchorages;

» on all banks, shoals and seamounts, particulanign these are likely to be unstable, and in
the channels between them;

» on the summit and at the base of seamountsgpthd greater than 200 m, when depths are
not extreme and appropriate sampling methods axidable.

In addition, the nature of the seafloor is to beaoied at regular intervals throughout the

survey ground. The frequency of sampling will yadgpending on the depth and the extent to
which it is homogeneous, with samples obtainedntgrvals of between 1.0 and 1.7 km in

depths less than 200 m.

The nature of the seafloor obtained from samplde ts included in the classification model.
The correlation between samples and the texturévederfrom the sonar record is very
important; it provides the only real confidence ah@n the interpretation. It follows that
seafloor samples must fulfil three conditions, ibey must be:

» a complete sample - underway samplers are krioiwse much of the finer portions of the
sample as they are recovered;

» from an individual spot - underway samplers nb@ydragged for several hundred metres,
and cannot provide a “spot” sample;

» accurately positioned - samples must be fixedhto same accuracy as any other item of
survey information, with the fix taken as the saeniits the seafloor.

To fulfil the above requirements samples must kerteby grab or corer with the ship stopped
and the fix obtained by the main survey navigaaah(or one of comparable accuracy). Their
position on the classification model is shown bgnaall dot surrounded by a circle, with the
classification positioned next to it.

Nature of the Seafloor

The seafloor is formed of rock of various types rtaid in most places by unconsolidated
sediments from two main sources:

» materials washed from adjacent land masse®or &rosion of the seafloor itself;

 biologically produced sediments which are fornfesm decaying animal and vegetable
products within the ocean basins.
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3.1.5 Classifying Samples

3.1.5.1

3.1.5.2

Classification entails describing a sample under tvain headings:

» adescriptive adjective, such as ‘coarse’, ‘$imetic.;

» ageneral description, such as ‘Rock’, ‘Mudg.et

Mixed Samples. Most natural sediments are rareimpmosed of only one type of sediment,
they are often a mixture. When this occurs, cfesgion should follow the principle of listing

the most predominant material first, for exam{if&bkSh” indicates that there is more sand in
the sample than there is shell.

3.1.5.3 Grain Size and Grading. Sediments are graded @diogcpto grain size at Table 4.5.
Gengrql Name Limits (mm) Remarks
Description
Cla <0.002 when dried on hand, will natib
Mud M y ' off easily.
u
Silt 0.002 — 0.063 when dried on hand, will rub off
’ ' easily.
s very fine Sand 0.063 -0.125
fine Sand 0.125 - 0.25(
Sand mS medium Sand 0.250 - 0.5@
s coarse Sand 05-1.0
c
very course sand 1.0-20
smG Granules 2040 | from thickness of standard
' ' pencil lead to size of small peal
Gravel P Pebbles 4.0-64.0 small pea to clenched fist siZe.
IG Cobbles 64.0 — 256.0| clenched fist to man’s hezal si
Rock R Boulders > 256.0 larger than a man’s head size.
oc
Rock

Table 4.5 “Sediment Grain Size”

(taken from the UKHO Hydrographic Quality Assurastructions for Admiralty Surveys)

3.1.54

3.1.5.5

The size of grain can be determined by eye or lmgpasison with standard samples illustrated
in a “comparator disk”, if held. The finer sedin®mre the hardest to classify. If size cannot
be classified with the naked eye or by compariso® sample may be placed between the teeth.
If it feels gritty then it is silt; if it feels snath and buttery in texture then it is clay. It is
extremely difficult to estimate the relative pertages when samples contain sand, silt and
clay.

Rock. A sample should only be classified as ‘rdtkositive evidence is available. If the only

evidence held by the collector is a score or dendlamaged sampler, the abbreviatitri
(hard) should be used.
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Other Descriptions. Where additional qualities t@nidentified or the seafloor type can be
positively classified as comprising another didtin@aterial, the various references should be
consulted for guidance.

Methods of Obtaining Seafloor Samples

Samples of the seafloor can be obtained by a yasfaheans, the most common are:

e |ead lines;

e grabs;

* shappers and scoops;

* corers;

» dredges;

e divers;

» remotely operated vehicles (ROV) and submersijble

» opportunity based sampling (e.g. from anchors).

Selection and use of the appropriate device witlethel on the nature of the investigation, the
character of the seafloor, the depth of water ardshipboard equipment available for lowering
and retrieving sampling equipment.

Sounding Leads. The armed lead line is a traditiomethod of obtaining and indicating the
nature of the thin surface layer of the seaflotircan give no idea of the depth of a surface
layer or what is underneath. Leads are armed taltbw or a similarly sticky substance such
as petroleum jelly or grease to which particleserfiment adhere. When the seafloor is strewn
with larger features such as pebbles or rock, goréssion of the sea floor material may be
obtained but this cannot be guaranteed.

Advantages of the lead line are that it is cheapsample to operate. Disadvantages are:
 larger material may not be detected (for exarbpl@ders);

» only the surface layer is sampled;

» sampling becomes unreliable as depths increase;

» the sample is contaminated by the material ésedrming;

» the sample is disturbed when collected.
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Grabs, Snappers and Scoops. These are suppligtefgpurpose of collecting medium size
samples of the surface and immediate sub-surfgee &£ the seafloor. They usually comprise
a bucket or scoop, which is activated on hitting sieafloor. Some are spring-loaded, others
close when raised off the seafloor. Grabs ardyrardgtable for sampling soft or liquid mud as
the sample is often washed out of the bucket béfseaches the surface.

Shipek Grab. The Shipek Grab consists of two cotniwehalf cylinders; the inner half cylinder
or sampling bucket is held open against a pairosfgrful axial springs by a pawl. On striking
the seafloor a sliding weight trips the pawl andvas the bucket to rotate through 180° under
the torque of the springs. During this rotatioe thucket scoops a sample from the seafloor.
The bucket then remains closed whilst the grabaiddd to the surface. The Shipek Grab is
most effective on soft and unconsolidated sedimdhtis liable to bounce on a compacted
seafloor and the closing action of the bucket é¢tirtHe grab off the seafloor giving only a
superficial sample or none at all. In these cimé improved results can sometimes be
obtained by reducing the speed of impact of the grathe seafloor.

Corers. These are used to obtain an undisturbetalesample of the seafloor. They often
penetrate a considerable distance below the seaflwtace. Corers usually comprise a tube or
box shaped cutting mechanism similar to an appteraar pastry cutter. They are driven into
the seafloor and when withdrawn they retain an stndbed sample of the sediment layers.

Retaining mechanisms vary from creating a vacuuntherback of the sample to cover plates
or shutters. Often there is a combination of méshio hold the sample in place. Corers may
be driven into the seafloor by a number of meatiseir own weight, explosives, pneumatics or
mechanical vibration.

Dredges. Dredges are designed to be dragged Hiergeafloor collecting loose material and
sediment. They often incorporate a filter thabwl smaller sediments to pass through.
Samples are always disturbed but do reflect thBoseanaterials over a reasonably large area.
Dredges can be deployed in all depths of water.

Other Sampling Methods

Divers. An inspection by divers allows a positidentification of the seafloor. Large as well
as small features can be identified. Divers anitdéid by the depth to which they can work but,
for shallow water and with time permitting, thissiggood method of obtaining samples.

Unmanned Underwater Vehicles (UUV). Remotely apet UUV can assist in classifying the
seafloor either by collecting samples (usually gcoo grab) or by obtaining video images for
later inspection. UUV are increasingly being fitteith SBES, MBES and SSS and can be
employed to acquire the same data as that fromacisfessels.

Opportunity Basis Sampling. Useful samples cao &k obtained from ship’s cables, anchors

or buoy moorings. These samples must be usedswitie caution since only samples of a
clinging nature are likely to survive the washimgi@n of equipment on its way to the surface.
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Seafloor Sample Records

Seafloor Sample Log. Data should be formattedsgistin the archiving of relevant data and
such that it will be readily available for interedtauthorities. The Report of Survey is to
contain full details of the methods of sampling éypd during a survey together with any
problems that may have been experienced.

The location and classification of seafloor sampbsained is to be shown on a tracing or
digital model accompanying the bathymetric data.

Classification Sensors
This section describes the various sensors usesk&dloor classification.

Sidescan Sonar. In addition to locating wrecks @wstructions between survey lines, SSS also
provides a considerable amount of other seaflofmrimation. These data, when combined
with seafloor samples and depth contours to prodeeéloor classification models, are of great
value. The importance of this information has gnawer the years to such an extent that, in
many surveys, sonar rather than bathymetric coresides govern the selection of line
direction and spacing. Great care is needed ipithgaration and checking of these tracings if
their full potential is to be realised.

Multibeam Echosounders. The introduction of MBES1wydrographic surveying has meant not
only the ability to determine bathymetry more aately and with greater coverage than before,
but also the ability to determine seafloor bourgadand sediment types relatively quickly and
effectively. With this in mind, the surveyor iswa@ble to interpret the backscatter imagery
from swath systems as well as side scan imagérige added benefit of obtaining backscatter
information from MBES, while collecting bathymetriaata, allows a more cost (and time)
effective survey to be conducted.

Singlebeam Echosounders. Commercial seafloor ifitagoon software that is capable of
being fitted to SBES has been available for somarsye Used particularly in the fishing
industry, a typical system is described below.

Other Methods. Other sensors with paéfudr seafloor classification include:

e Airborne LIDAR Bathymetry. Research is continuimjo the extraction of information
other than bathymetry from the laser return wawvafancluding turbidity and seafloor
classification.

* Airborne Electromagnetic Bathymetry. AEMB methodBer the potential to obtain
seafloor classification information but this capipihas yet to be developed.

« Remote Sensing. Seafloor classification infornmatban be obtained from satellite and
aerial imagery in shallow water but still requiggsund truth data.

e Forward Looking Sonars (FLS). Originally designaarely for navigation and collision
avoidance, some recent FLS developments offer badinic and seafloor classification
capabilities. For example, the Thales Underwatgsteédns “Petrel” FLS matches the
energy of acoustic returns to the ambient noisellamd beam angle of incidence on the

C-13



3.3

3.3.1

3.3.1.1

3.3.1.2

3.3.2

3.3.2.1

3.3.2.2

237

seafloor to provide a seafloor reverberation figufrenerit which will be unique for varying
seafloor densities, materials and porosity. Bgugd-truthing these ‘figures of merit’ a
real-time swath seafloor classification capabiltyvailable in parallel to bathymetry.

Classification - Theory

This section introduces the collection and intelgien of backscatter information and
compares the methods used by MBES and SSS. Tlatades and disadvantages of each are
discussed. It also covers the methods that the $1B&es to remove the distorting effects due
to the angle at which the signal hits the seafland other causes.

SSS, and most MBES, can display a representatiothefseafloor using the principle of
acoustic imaging. Most SSS pictures show relativeisophisticated representations of the
returning ping in the sense that the image is aolyected for a limited range of measurable
parameters. For example, modern SSS receivens béee the ability to measure the forward
velocity of the vessel and adjust the along traxis af the image so that the scale in this
direction equates to the scale across track. Almy can measure the height of the towfish
above the seafloor, and remove this portion from ithage so that the image starts at the
seafloor underneath the towfish and covers thdmwabut to the maximum range of the set.
The image can be corrected so that the distandbheimage equates to the distance on the
seafloor, however this is normally achieved by mgkhe assumption that the seafloor is level.
Since this is in fact not the case, there will igadtions on the SSS image.

On the other hand, the provision of backscattesrination is a by product of the bathymetric
data collection for a MBES. It is akin to the auttpf SSS and produces a representation of the
seafloor in terms of the intensity of the returneaho. The significant difference between the
two is that the MBES is measuring the depth comily with the backscatter information and
this allows for a more sophisticated level of digpl The data on depth, when combined with
beam angle, effectively gives the position on tkafleor to which the backscatter information
relates and therefore provides a true geometriecton of the backscatter image.

Backscatter Imagery

The result of the MBES side scan imaging based ackdratter information is a mosaic
covering the seafloor which displays the backscatteensity equating to each point on the
seafloor. There is normally an ability to combioeckscatter and depth information so that
they are co-registered by position. Assuming tinesl have been run appropriately, the
imaging should provide 100% coverage and it mayhlae the backscatter information covers
more than the bathymetry if beams have been ins@difor accuracy reasons. It is likely that
the extra backscatter information will not be usétce it does not have depth information
associated with it, but it remains available jist same.

A certain amount of post-processing will have bearried out to normalise the backscatter
image to remove the distorting effects on the aadgisignal return. The corrections will
depend on range (to correct for attenuation andhbgareading), source power (which should
be recorded with the echo information) and bearactivity - both transmit and receive, if this
varies over time. Additionally, there will be cections to be applied that depend on the signal
path and the area that is ensonified. These areatimns for beam angle, ray path and local
seafloor slope which can all be combined into aiggrangle at which the signal hits the
seafloor. Figure 4.9 shows examples of scattestngngth for different seafloor types at
different grazing angles.
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Fig. 4.9 Examples of Scattering Strength

(from “High Frequency Ocean Environmental Acousicdels Handbook”, October 1994)

3.3.3

3.3.3.1

3.3.3.2

3.34

3.34.1

Side Scan Registration

The correction of the image for position is terns@tk scan registration (as the term side scan is
often used with a MBES system to refer to the beatter intensity image). The required
correction translates between the slant range diyethe time of travel and the true seafloor
position, or at least a true distance from the poiderneath the transducer to the feature patch
of seafloor.

As mentioned before, the method used with SSS imsagels to be quite simplistic, but, using

the extra depth information available in MBES sgste knowledge of the sound velocity

profile and the attitude of the vessel at the pofntransmission, the registration can be made
more accurate. A large part of the calculation &lssady been carried out to produce the
corrected depths in the bathymetry applicationhef MBES and sometimes that information

can be made available to the side scan image.

Mosaicing

The transformation of the MBES side scan image iatoegular raster image is called
mosaicing. The image will be positionally corretfer the movement of the vessel; however
there may still be some problems with the mosaigrnacedure. In some MBES, the small
footprint size in the central beams may leave sgeghls between each individual footprint. The
aim with the side scan image is to produce a regakter image that allows direct comparison
of one point with another and gaps in data may ntlaisedifficult. It may be possible to fill in
the gaps by interpretation.

C-13



3.3.4.2

3.3.4.3

3.35

3.35.1

3.35.2

239

If coverage is in excess of 100% and there is appihg of data, it is likely that the data will
have been collected at different angles and doestof ensonification. Rather than attempt to
combine the data, the data from the preferred beamccepted whilst the other beam is
suppressed. There will inevitably be a discontinuihere the two swaths meet but the above
method minimises the distortion this will causehefie are various methods available that can
automatically choose the preferred beam, for exargpling preference to the mid-beam over
the nadir and the far range.

The interpretation of the backscatter image wilerd#iore depend on knowledge of the
information that the system retains and its metbpgresenting the data. Some systems have
the ability to retain information on the distribani of data within the beam, so detail that is
smaller than the beam footprint can still be seédther methods use a reduced data set,
retaining (for example) only the average or thekpegensity for each beam, which provides
less detail. Figure 4.10 shows that the bathymedtyge does not provide the same information
on the change in seafloor type as the raster battksenosaiced image.

Fig. 4.10 Seafloor Imagery - Bathymetry (left) v.
Raster Backscatter Mosaiced Image (right)

Classification - General

There are further complications when attemptinglassify the type of seafloor. Together
with the acoustic impedance there are other featofi¢he seafloor which will affect the shape
and the characteristics of the return. If the Iseafis rough, but with detail smaller than the
beam footprint, then this will have an influencetba intensity of the return.

The only way to truly allow for these different &fts is to have full knowledge of the seafloor
in advance and this is only possible where actualigd truthing (i.e. seafloor sampling) has
occurred. However, certain types of seafloor Wéle different general characteristics; hence
the backscatter may be used to conduct generalifotasion. If particular returns are matched
by ground truthing, then a ‘library’ of backscattdasses can be built up, enabling automatic
classification. This library can be as complex raguired with different areas of the
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roughness/hardness graph assigned unique claisifica There are a number of different
software tools for this purpose although each Wiely have a different procedure and
requirements to perform its task.

Classification of the seafloor using the acoustiage is a rapidly developing field. Initial
advances were made with the use of vertical incodesystems (SBES), where the method was
to study all the parameters of the returning ealduding the variation in intensity over time
and the frequency scatter graph, to provide arcatidin of the sea floor type.

The requirement for seafloor classification depeadsthe final use of the information. In
return, the particular parameters that are usedeaatify a particular seafloor type may depend
on the classification requirement. Typical chagastics that may be measured are the type of
seafloor in traditional hydrographic terms, whiclould classify the seafloor in terms of the
grain size, texture and type. Other charactesistiay be physical properties of the seafloor
that may be relevant for, say, a pipeline surveyaoustic properties that may be of interest to
minewarfare, anti-submarine warfare, and oceantgrap These include:

» sediment type, i.e.:

- grain size, texture, i.e. sand, silt, clay vgia

- mineralogy, i.e. ash, clay, silica, carbonate;

- genetic, i.e. biogenous, terrigenous;
» physical properties, i.e. grain size, densibhy porosity;
» acoustic properties, i.e. velocities, attenugtio
» geotechnical properties, i.e. shear streng#stiel moduli;
* morphology, i.e. texture and relief.
Various approaches have been taken to the probfeseafloor classification, focusing on
different properties of the returning signal andhwilifferent methodologies to achieve the
result. In order to achieve this remote clasdificawe look at systems and models developed
for the interaction of sound with the seafloor &hne effect that this interaction should have on
the pulse shape. One such system adopted fooseathssification using SBES is RoxAnn,
developed by Marine Microsystems Ltd.
RoxANN
RoxAnn is one of a number of commercial seafloassification systems that is connected, in
this instance, to existing echosounders (typicabytical incidence systems) by means of a
“head amplifier” which matches the impedance of ¢iistem to that of the echosounder. The
design was based on observations of echosound@ripance in known areas of different
seafloor types. Sediment classification is accashpll by the identification of two parameters

(see Figure 4.11):

» E1 - the integrated energy under the tail of th& fieturn, i.e. roughness;
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» E2 - the integrated energy under the second (nhe)itipturn, i.e. hardness

A E1 gate for roughness index.
E2 gate for hardness index.

signal
amplitude

E2

»

» time

Tx pulse 1st echo 2nd echo

Fig. 4.11 “RoxAnn - Quantification of Roughness (EJL& Hardness (E2)”

3.3.6.2 Then, by use of a look-up table which will graphidress against roughness, you can enter an
observed value that has been ground-truthed anibrat@ the system for automatic
classification in that locality. The system re@gsimperiodic recalibration and will also require
recalibration when moving to a new area. Figufie 4&hows values of E1 and E2 plotted, and
then a ‘known’ seafloor type allocated.

El
rough

coral
rock

sand

cla
smooth mud y

»E2

soft hard
Fig. 4.12 “RoxAnn - Values of E1 and E2 (example d¢y)”

3.3.6.3 The advantages of this system are that it is welsti simple and inexpensive. The
disadvantages are that the system is not quanéfdti must be calibrated and it depends on
multiple returns which raises the question abouibdlity as a function of sea state.

3.3.7 Classification using Multibeam Echosounder

3.3.7.1 MBES provide us with both geo-referenced measurénehthe instantaneous back-scatter
intensity, and spot estimates of seafloor elevafgmundings). Both of these can be used,
either together or separately, to attempt seaftdassification, usually in conjunction with
commercial software packages designed for that qmerp For those systems which are
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calibrated, or for which at least a relative caliimn can be performed, the backscatter intensity
measurements can be reduced according to:

 the range to feature (attenuation and sphericeksling);
» source power, beam directivity (transmit and reegiv
» area ensonified (beam angle, refracted ray pathl] keafloor slope).

There are three main methods employed in swathrssesfloor classification based on the
variability in the echo structure to infer inforriwat on the nature of the seafloor:

 texture mapping and spectral estimation;

» echo amplitude peak probability density function;

» acoustic backscatter angular dependence functions.
Textural Mapping

This method looks at the variation of backscattégrisity as a function of 2D space (horizontal
dimensions). It is based on the identificatiorsighificant changes in the characteristics of the
echoes both within a ping and over a number of emns/e pings. In essence, it is the
estimation of the 2D spatial statistics of an atioubackscatter amplitude image of the
seafloor.

Even in the absence of a calibrated sonar systaseasy to see that the textural characteristics
of SSS imagery contain information about the seafldviost early SSS were developed for the
purpose of feature detection, in which the aim teagse the full dynamic range of the display
device, generally a wet paper recorder or graphioahitor, to maximise the contrast in the
returned echo. For this purpose automatic gairolsnwere developed. The detrimental side
of this development was that, in most cases, tolate level of the backscattered intensity
was not preserved. Nevertheless, such a signeégsing technique was ideal for bringing out
textural information in the imagery. This has beshieved by the introduction of two
methods:

* power spectra;

» grey level co-occurrence matrices.

Power Spectra

The seafloor acoustic backscatter changes roughlyha co$ of the angle of incidence
(Lambert’s Law) out to low grazing angles. Therefat can be assumed that the variations in
the amplitude of seafloor echoes received by timarsover this angular sector are expressions
of the inherent roughness of the backscatteregseurf This would indicate the possibility of
classifying these returns, and hence infer seafigmes, based on their spectral shape.

When applied to MBES, this method must be limitedhte outer segment of the swath where

the angular dependence of seafloor acoustic batt&sdavels off and where the length of the
instantaneous ensonified area is relatively constarnss-track. In the near vertical incidence
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region a combination of the high aspect ratio @ tlull-mounted sonar, the rapidly changing
size of the ensonified area and the regular angldpendence function of acoustic backscatter
put severe limitations on the assumption that spkeshape directly relates to seafloor type.

In addition, because the time series of backscsiitength obtained with a MBES configuration
is actually a composite of several beam tracesetisehe possibility of introducing energy into
the power spectrum at spatial wavelengths equivadetne beam spacing.

As you move between shallower and deeper waterptige length of many shallow water
swath systems is varied. This changes the instaatssly ensonified area and the length scales
that can be observed with the power spectra.

Grey Level Co-occurrence Matrices

To identify boundaries of like texture patternsthe side scan image, the classic image
processing techniques of Grey Level Co-occurrenatribes (GLCM) is used. This technique
characterises the 2D spatial inter-relationshipshef grey levels (where the darkness of the
grey refers to the intensity of backscatter) inimage with a scale ranging from fine texture,
corresponding to frequent level changes over gfistdnces, to coarse texture corresponding to
few level changes over long distances. Co-occaaanatrices are computed for a set of
distances and angular spatial relationships. EatBM will correspond with a different
texture, which can then be interpreted as a seaafipe.

One drawback of the GLCM method is that it mustiroplemented on a side scan mosaic,
which is a raster product. As discussed, the mogpiprocess is a compromise between
preserving the across track resolution of the bzstksr amplitude data and honouring the
along-track resolution. Thus the side scan mosaiosmonly are averaged (or median filtered)
versions of the raw intensity data. As such, tleynot exhibit the same statistical
characteristics as the original raw data. Theegfthhe characteristics used for classification are
only applicable to data that has undergone exdb#ysame transformation from a raw side
scan time series to a raster product. In addigsome form of ground truthing is required to
identify the sea floor type because there are ndefsothat link GLCM to specific seafloor
physical properties and different lithology’'s (deaf characteristics) can exhibit the same
textural characteristics.

Echo Amplitude Peak Probability Density Function

Echo Amplitude Peak Probability Density FunctioDf seafloor acoustic backscatter is a
reverberation process whose stochastic (statistieddaviour can be described by the Gaussian
distributed instantaneous quadrature samples, aitlenvelope (echo amplitude) distributed
according to a Rice probability density functiondama phase uniformly distribution.
Remembering that the end members of the Rice PBR #&aussian shape when the returned
signal is mostly coherent and a Rayleigh shape whenmostly scattered, it is possible to
derive a measurement of coherence from the statisfi the envelope. Figure 4.13 shows a
comparison of Rayleigh and Gaussian statisticalasjrmeasuring the probability of an echo’s
amplitude.
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Fig. 4.13 “Comparison of Rayleigh and Gaussian Cums”

The mean and the variance of instantaneous ameliatues are dimensional quantities and
thus imply that the sonar system must retain astléfae relative changes in backscattered
amplitudes of the echoes. Any changes in sourgeepand/or receiver gain settings can be
taken into account (compensation for automatic gaintrol). Swath backscatter amplitude
data (side scan) presented as mean amplitude ysteasnderstand as a classification tool.
Approximately constant mean amplitude over a regoggests a homogenous seafloor type
and gross changes in mean amplitude suggest chantes seafloor. However, presentations
of regional changes in seafloor backscatter angs#itgenerally ignore, or try to empirically
normalise for, changes in the ensonification geogyr(grazing angles) across the swath.

This fitting of the observed PDF against the stathdaodels is performed on normalised echo
PDFs, thus the absolute mean amplitude of baclksaatignored in the process. The method is
to attempt to separate out the ratio of coheredtincoherent components in the data. With
data from a calibrated sonar system, the normalsded can be skipped and the absolute
amplitudes used instead.

3.3.12 Angular Dependence

3.3.12.1

There are a number of models that predict the angdépendence of seafloor acoustic
backscatter based on several factors (generatirgmeders). These include the impedance
contrast of the sediment-water interface, thesttes of the roughness of that interface and any
possible contributions from volume inhomogeneitiggin the sediment layers. The quantity
of interest in this method is the backscatteringrgjth per unit solid (3D) angle. This is
obtained from the measurement and compared to npoddictions to estimate the generating
parameters.
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High aspect ratio systems such as MBES provide mmeasnts of the backscattered amplitude
at grazing angles ranging from®(ertical) through grazing angles as low a8.1%his is in
contrast to the distribution of grazing angles wered by deep-towed, low aspect ratio SSS,
which tend to be biased to very low angles.

Commensurate with this method is the requiremekntaw the ray path of the acoustic energy
as it strikes the seafloor and the 3D slope ofstefloor interface that it strikes. This leads to
assigning an instantaneous measure of backscatfgitade to that angle. In order to arrive at
a good estimate of the mean backscatter strengttaagrazing angle, a large number (>10) of
instantaneous measurements are used. This obyiasmlimes the seafloor under investigation
is not changing over the length of the MBES swath the seafloor type is the same from nadir
to the far range).

Acoustic Backscatter Data Interpretation

In the first instance, interpretation of a digisidle scan image is often difficult. At the very
limit of resolution is the single instantaneous plarof backscatter intensity. This is derived
from a complex sum of all the individual scattemhtributions from within the ensonified
area and also the scattered contributions fromvtiieme of sediment below the ensonified
area. Notwithstanding the derived solution, theme three main effects that are noticeable in
any side scan mosaic:

* variations in backscatter strength due to changégjloor type;
* variations in backscatter strength due to changesafloor slope;
* true cast shadows.

For conventional SSS the first two are ambiguod$ere is no way to unambiguously tell
whether fluctuations are due to slope or texturereality it is rare to see a significant change
in the seafloor slope without a change in texturecontrast to conventional SSS, swath sonar
systems can resolve the ambiguity for those cadesenthe topographic wavelength is greater
than the beam spacing, although roughness at shiatelengths cannot be resolved.

True cast shadows can be recognised by both sysisrttng as the signal-to-noise ration is
high enough - thus the drop in signal strengthréager than that expected for any real sediment
type. Interestingly, swath sonars cannot prethietgresence of a shadow from the topographic
information alone. This is because a shadow immlepes steeper than the ray path and thus
swath sonars cannot see behind the shadowing éeafliis is important to remember when
using side angular sectors. Steep topography daaway from the sonar is not adequately
resolved and thus the resulting derived terrainehwdll be distorted. Even with swath sonars,

it is often not clear whether short wavelength atdons in seafloor backscatter are a result of
either of the above effects. The only way to resdhis is to image the seafloor from multiple
near-orthogonal directions.

First and foremost, the surveyor is concerned aberitying potential hydrographic hazards on
the seafloor. Any confirmation or denial of thdidiy of an anomalous sounding represents
an aid in the interpretation of the data. Thigm#ditely allows greater confidence in the quality
of the sounding data which will appear on a navigathart. As we have seen there are
resolution limitations to high-speed MBES imagewhich means that you cannot always
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resolve the discrete hydrographic anomalies trebéinterest. This lends to the discussion of
deploying conventional, towed SSS in conjunctiothvai swath sonar system.

When the beam reaches the seafloor some of the ise@ftected back in the form of an echo,
but much of the energy is scattered in all dirextjoand some is even absorbed into the
seafloor. The vertical incidence case is concemaihly with the reflection properties of the
seafloor, and again, different characteristicsh&f €chosounder beam have an effect on the
amount of the signal that is reflected. The fremyeof the signal is one of the most important
attributes in this respect. The MBES case is ncoraplicated and the scattering properties of
the seafloor take on a larger importance.

Returns from a smooth hard seafloor. As the sousnk travels through the water, it moves by
displacing water patrticles, causing them to vibeatd so allow the passage of the wave. The
water has a low acoustic impedance, or a low @esist to the movement of the wave. When
the wave reaches the seafloor however, the sedfla high acoustic impedance and does not
allow the sound wave to continue into the seaflobhe particles are densely packed and are
not able to move easily. Since the total energgtrbe maintained and the energy cannot pass
into the seafloor in the form of a sound wave, itstngo somewhere and the result is that it is
radiated back into the water. Some, probably dlgmacentage, will be reflected back in the
direction of the incoming wave and will travel backbe received at the sonar transducer as an
echo.

Effects of different types of seafloor and differimngles of incidence. Different types of

seafloor will have different levels of acoustic iagance. If the level is low then some of the
sound energy is absorbed into the seafloor andetinening echo will be weaker. If the level is

high then more is reflected. Similarly, the intiénsf the reflected signal is also dependant on
the angle of incidence. If the angle is high, apphing 90°, then a large part of the sound
wave will be reflected back towards the sonarthéf angle is low then the major part of the
sound wave will be scattered in a direction awaynfithe transducer, however some will still

return as a weak echo.

The type of seafloor will have an effect on theureing signal as well. The relationship
between the angle of incidence, the type of seafiod the level of the returning signal is not a
straightforward one. For the beam arriving at\va level of incidence, if the seafloor is rough
then there will be more faces that are near tgght rangle to the incoming sound wave and
therefore give a stronger reflection. A smoothflsea will in general result in more of the
signal being scattered in other directions andoagk in the direction of the sonar receiver. For
a high angle of incidence, however, the situat®likiely to be reversed and a smooth seafloor
may give a better return. This will however dependa number of factors such as particle size
and the composition of the seafloor.

3.3.14 Military Classification Models

3.3.14.1.1n preparing a military classification (or textumapdel from the sonar records the first task for

the surveyor is to decide whether the texture efgbafloor is mud, sand, gravel or rock. It is
appreciated that the seafloor contains a wide tyarid combinations of the four basic
categories, but more detailed analysis is best ntaicen by written descriptions. Clearly
defined boundaries between different types of seafshould be shown as firm lines and ill-
defined limits should be depicted as pecked linésgure 4.14 shows an example of a military
classification model.

C-13



247

- LN \ F 3 A
. ¢ . ? - 7 . . s o~ O - & . “. > —‘—-l_
3"‘_ 3 s J20 Thin_Sand over L~ ’n ' \ \ . -‘\
s . . .. Aock-Jidges. Wf”’ Sand w;th A ——
"7 ro ednghg 54nd o) 1207 -300- Fine to Medtu Sand Grav %ch\s . d‘rava: Pm:hes N
,gwth :pgfes and Gravel A. w:rb Rlpp/es and . A

A 5 Tog
A =

Small Gravel Patches

3 . (& N ;
. T \O ~Q. - Fme to‘Msdmm and

. v\'\ '\Q ‘5;/%'/16—""/:)- . ‘ . - . ‘\\?‘},' ' Mﬂalesand_
awl" Scours " '_/-..& R Small Gravel_Pstches

-
) : . '~ TN . L .
. . }) . - o~ N e - Fine to Medium Sand
P .

e to Megium Sand.
vith~Ripples, and (s
nall, Gra»?hﬁgr_ches .

o]

\
Fme' 0 Ms%um So bs::h v

with Gravel Pa rd:es
~

O-
Sy o Pl sl
T " 0
. .0 -0 ,
o0 -
/
4 rawl Scaws\ » \\ Q . o . \\.A\ . Sllty s s
éA/T ’ T o~ O - S\ ? " with Ripples ":
oa,ga Sand -—"Tfa%Scams '\ . 0 ' o \O o 0 -~ - ~ Small Gravel Pz
d Small N kTrawl cours ONO N N T
'}es . . . . . .c:-‘. p g 0 "o - o s
. . . . Ry o - O,- "
%)3/_ ' Fine, Medwm and Coafse Sand 1, D ."*' X
: with Rlpﬂfes ang Small o - q Frne 10 M éum Séeng
' S Gravel Patches o _t %lueﬂ?th Rrpplgs\-_ . _
I SRR G & = P GG S
Koo " o Trag Soous A
7 7 _ Trawl Scours N Y \ ;\\_
Y Trawl Scours \Q f Y R N
. . . . p . . . . QOO Q\\Q
: : '\3\' ‘f’ p Ié’ / ©i3
., . . . > . . . o .’6'
with Ripples ) L ? S
. . . . o . . . . . . . . . . s "} o D
’ve’ PatChes y . - . . - . . V . (.—-o— -/d |~ O P o » é
SECTRNERY S S e
! am5bk Shas ; ' - oA ‘o / ‘
. . . f . . . . @_ . . . .-, . '\/6 Q .« QO
. ] Trawl Scours o N \Trgw_!‘stgm.:rs ‘
. ) ) Med.'um Sand w:th Rrpples ) ] . ) R
. and Smah‘ Gravel Parches ] ] ‘ ) . S

dium Sand with RIPP/&S

b

’ Smail Gravel Patches ’ ' ' ' ’ E ) ) ' ) e ) ’ . ) ) ) _
: : % . Trawl Scours ) bt Trawl Scours

Su'ry Fine Sand wrth prples

p,r,;..s ) ) 'Trawl.Sc.aufs . '
' ) ' ’ and .S‘carrered Small Gravel Parches

. . . . N . . R . //' . /) -Tfawf.Scou.:'s b . . < ///

A V7 ~

Fig. 4.14 Example Military Seafloor Texture Model
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The graphic representation of the seafloor textsheuld be amplified by use of written
descriptions. Examples of the terms to be usegkther with their definitions follow. It is
stressed that these are not exhaustive; other woagsbe used providing the meaning is clear
to all who may use the information. Descriptioris‘megative” features (for example “flat
featureless sand”) are as useful as informatiormamne prominent characteristics. Written
descriptions should be kept brief.

Features such as wrecks, sand-waves, trawl scodrpipelines also form an important part of
the description of the seafloor. These featuresiavariably more important than written
descriptions and in congested areas their inclushauld take priority.

Sandwaves are a common feature of seafloor topbgrapd may occur either as isolated
features or in fields. Different symbols are ugmdeach type:

» Isolated sandwaves. To ensure accuracy, thiiggo®f the crest of the wave must be
plotted from the echo-trace and not from the saeaprd. The symbol for an isolated
sandwave is then to be positioned along the linthefcrest. If the wave is asymmetric, a
small arrow is to be inserted pointing down theeger side of the feature, the arrow should
be omitted if the wave is symmetrical. Detailstloé height of the crest above the trough
should be included.

» Sandwave fields. Many sandwaves occur in groujls similar height and orientation.
Under these conditions individual waves need ngblbded. The extent of the field should
be delineated, again referring to the echo-traceaéouracy and the symbol for a sandwave
field inserted. The orientation of the crests dticae indicated, as should the wavelength,
height, symmetry and the steeper side.

For plotting purposes, a sandwave is defined asnbaa height greater than one metre.
Features smaller than this should be classed atesip The wavelength is defined as the
distance between two adjacent crests; the heigheiglifference in depth between a crest and
its adjacent trough. As a rule of thumb, crestéctviplot closer together than one centimetre
on paper and are similar in orientation, height amyelength should be considered a field.
Ripples are often superimposed on waves and mag aalifferent orientation a brief written
description such as “Ripples 120/300” should begdlanext to the sand-wave symbol.

Small sea floor contacts. All non-ephemeral castd@rger than one metre must be plotted.
Where more than five such contacts exist per squemémetre the area may be delineated and
a notation made. Wherever possible the numberonfacts in each area should be stated,
written descriptions may be included where useful.

Wrecks and obstructions. All wrecks and obstrudidocated during the survey must be
included in the classification model. Wrecks arebé shown by the “non dangerous” wreck
symbol, oriented in the same direction as the wréldke extent and direction of any scour is to
be noted, e.g. ‘Scour 155/50m’. Other obstructiaresto be shown using the “foul” symbol,
with a written description if possible, e.g. ‘wedbd’.

Small depressions. Certain areas of seafloor raatat small depressions, distinguishable on
the sonar trace by the “shadow” being in frontlad tontact. Some may show a pronounced
lip and include “pock-marks”. Unless their orig;nknown (for example if an oil-rig is moved
during a survey) classification should not be afted.
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3.3.14.9 Trawl scours. In many areas, trawl scours areequient and distinctive part of the seafloor.
Their importance is increased by the fact that thiey most often met in otherwise flat areas.
Isolated trawl scours are to be shown individuatigncentrations of them may be delineated
and the wording "numerous trawl scours" inserted.

3.3.14.10Pipelines. All pipelines detected during a suraey to be plotted. Areas of buried pipe should
not be interpolated unless they are visible on388 trace, in this event the word “buried” is to
be inserted as required. Pipes which stand prdutieoseafloor are to have their height in
metres noted at intervals.

3.3.14.11Depth contours. Contours are to be included with normal vertical interval being five
metres. In areas where a large range of depthretisis may be expanded at the discretion of
the surveyor, providing the presentation of thertfo of the texture is maintained. The
purpose of drawing the depth contours is to aghistsurveyor in his interpretation of the
sonograph.

3.3.14.12Descriptions for use on Military Seafloor Classition Models:

Sandwaves. Straight or sinuous ridges of sandvaamy aligned across the dominant tidal
stream or current. Minimum height is one metreest separation (wavelength) can be up to
1000 m with heights reaching 20 m. May be symroatror asymmetrical, and may have
ripples on them.

Ripples. Small ridges of sand, similar in shapsandwaves but with a height of less than one
metre. Usually orientated transverse to the tidadurrent flow with wavelength of less than 15
m. May not be detectable with an echo sounder.

Furrows & Ridges. Longitudinal bed-forms in grengand or mud, some of which can be 9 km
long and up to 14 m wide. They may be solitaryt, hore usually occur in groups. They are
generally parallel to the prevailing currents.

Sand Ribbons. Normally apparent overlying a agrargpe of seafloor. Most are straight and
parallel with currents. Can be up to 15 km lon@0 2n wide and are generally only a few
centimetres thick. Typically have a "laddered” egrance due to the presence of ripples.

Gravel/ Sand/ Mud Patches. Thinly-spread patofgsavel, sand or mud no more than 100 m
across and commonly less than 2 m thick. May hmosidonal and subject to movement.
Shape may be determined by the relief of the uyinhgriseafloor.

Rock Outcrop. A patch of rock covering a smakaar Refers to a cohesive group, not a
collection of boulders.

Pinnacle. A rock of limited horizontal extent witeight considerably greater than surrounding
rocks.

Ledge. Rock outcrop with length in excess of 3@nd relatively narrow in comparison.
Often found in groups, with similar direction andent.
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Bank. Usually of sand or gravel, but may be okrocA rise in the seafloor over a relatively
small area, but fairly prominent in relation to stisrroundings. When formed of sediment it is
often oriented along the tidal flow.

Large/ Small. Preferred to big, great, highAitlight, mini, etc.

Broad/ Narrow. Used to express width when qualifysuch features as sand ribbons. Broad
should only be used for ribbons over 150 m widerava for those less than 10 m wide.

Smooth. Preferred to even or level, and may refea seafloor that is either flat or sloping.
Will usually refer only to mud.

Flat. Must only be used to describe level suddce. no significant gradient).

Sloping. Refers to any area where there is argétrend in the depth of the seafloor, i.e. a sea
floor gradient. A sloping seafloor may be smoatih dannot be flat.

Gentle. Gradual, slowly changing.

Regular. Used to qualify a series of featuresctvldre uniform in amplitude and wavelength,
i.e. sandwaves, ridges.

Irregular. Used to qualify features which are oatform but do have a specific entity, i.e.
sandwaves. Can also be used to describe an areekafthere no regular structure is evident.

Prominent. Used to describe a feature or sefigeatures which is or are very obvious in
relation to their general surroundings.

Featureless. Applied normally to either a flasorooth seafloor where the featureless aspect is
either unusual or of considerable extent.
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3.3.14.13Symbols for use on Military Seafloor Classificatiwlodels are at Figure 4.15:

+ + Rock exposure
v}
o o Gravel
Sand
MUD Mud

Clearly defined seafloor texture boundary
/""‘\\_/

lll-defined seafloor texture boundary

- -
- gy,
,——T\_‘ Sand-wave crest with crest-to-trough height in egtsymbol denotes
direction of steepest side
AL

Sand-wave areas (with height, orientation, wavdleagd symmetry;
Im 50°-230° 90m A SE A = Asymmetrical; S = Symmetrical)

== Prominent trawl scour

‘\,T_f_a_‘_"',\-‘ Area of concentrated trawl scours
A Significant sonar contact
. Patch of highly reflective seafloor without sigodint height or extent
e Pockmark
Position of seafloor sample with abbreviated desiom and identifying
§mbdAShmS . .
® number if retained
3350‘” Wreck, orientated as appropriate, with directiod artent of scour
# . Foul or obstruction (with classification if applla)
Submerged well
- Pipeline
N o
\Q Seafloor contour at 5 m vertical intervals.

Fig. 4.15 Symbols for use on Military Seafloor Clasfication Models
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