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  Summary 
 

This guidance has been written for commissioners, surveyors and 

end users of marine geophysical survey data. Geophysical data is 

often, particularly in the case of marine development, collected for a 
number of different reasons, including route planning, engineering, 

resource assessment, the identification of pUXO, ecological studies 

and archaeology. Therefore, the outputs need to be suitable for a 

number of end users in line with the policy of collect once, use many 

times.  

Historic England also commissions geophysical survey to inform 
management strategies for designated historic shipwrecks, and for 

the purposes of supporting investigation of heritage assets that 

could be designated. This guidance explains the acquisition, 

processing and interpretation of survey data to established 

standards to deliver this requirement. 

This second edition of marine geophysical guidance explains, in an 

accessible way, different techniques for conducting geophysical 

survey and the processing and interpretation techniques that can 

reveal information about the historic environment that might be 

encountered on, within and beneath the seabed around England. 
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1 Introduction 
In its broadest form marine geophysical and hydrographic survey is 

the use of sound, light, or variations of magnetic fields to make 
measurements, or images, of the seabed, or below it. A distinction 

has been made between geophysical survey and hydrographic 

survey; whilst used interchangeably, they are two distinct disciplines. 

 

Geophysical and hydrographic survey is commonplace across the 

marine archaeological spectrum, and is utilised by avocational and 

professional archaeologists alike, within prospection, monitoring, 
and during the marine development process. This guidance is a 

Second Edition and was produced to replace previous guidance in 

response to advancing technologies, and more standardised 

methodologies. The significant increase in marine development has 

also led to a requirement for clear and concise guidance and 

standardisation in the collection, processing, and interpretation of 

geophysical data. 

The guidance is aimed at those involved in the commissioning, 

collection, processing, and interpretation of geophysical data for 

archaeological objectives, including data collected as part of a wider 

scope that will be subject to archaeological interpretation. The 

guidance is not intended as an instruction manual for the operation 

of equipment, or the use of software: it is assumed the user of such 

equipment and software will be trained in its operation and familiar 

with the limitations. However, using these guidelines through the 

stages described should support the delivery of outputs as necessary 

for either archaeological assessment required by Historic England or 

as part of development-led assessment exercises. 

This guidance has been written for different users of geophysical 

survey data. It contains technical concepts and terms required to 
accurately explain how survey equipment is used and the processing 

of the resulting data. The technical language used is consistent 

throughout the wider marine survey industry to ensure that the 
survey methods described are understood by those using or 

commissioning geophysical data. Technical terms are defined in the 

Glossary (Section 19). 

Geophysical surveys measure and map physical properties of the 

sediments comprising the seabed and its underlying geology, whereas 
hydrographic surveys are used to measure and map the seabed depth and 
topography. 
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The need for guidance 

General  methodologies for  geophysical  and hydrographic  survey are 
well  established and h ave been developed to meet th e needs of  th e 
end user.  For example,  data are regularly  col lected for Front  End 
Engineering  Design (FEED),  hydrographic  ch art ing,  benthic  ecology,  
physical  processes and prospection for  oi l  and gas.  Part icularly  in  

the case of  data col lected for marine developments ,  this is  often 
used and assessed by a range of  discipl ines  to feed into the 
Environmental  Impact Assessment  (EIA)  process.  With arch aeology 
being one of  those discipl ines ,  there is  a  requirement to ensure th at  

data col lected and  its  subsequent  processing and interpretation,  is  

to a  speci f ication to meet  the requirements  of  EIA.  During  the survey 
planning stage,  this guidance wil l  ensure that  any data col lected 

meet  the requirements of  archaeology ( as  well  as  of  other  
discipl ines) .  

 
Across th e wider  marine archaeological  sector,  the col lection of  data 
to a  common minimum  specif ication  wil l  ensure suitabil ity  for not  

only  the assessment being undertaken but  comparison  of  datasets  

for  ongoing  monitoring.  Common data formats wil l  ensure suitabil ity  
for ,  and access  to ,  a  wide range of  users .  

 
Clear ,  concise guidance is  crucial  at  al l  stages of  the geophysical  

survey process.  D ata not col lected appropriately,  or  to a suitable 

speci f ication,  can result  in  a  dataset  that  is  not  suitable for  

archaeological  assessment .  Data not  processed appropriately can 
result  in  a  loss  of  detail  and resolution and data that  is  not  

interpreted appropriately  can lead to an inaccurate assessment 

being undertaken.  

Form of the guidance 

This  guidance covers the four  pr incipal  sensors  used within  marine 

geophysical  survey :  th e mult ibeam echosounder  (MBES),  the 
sidescan sonar  (SSS) ,  the magnetometer ,  and the sub-bottom 
prof i ler  (SBP).  Th is  document  summarises  the equipment,  the uses,  
and th e l imitations,  and provides guidance f rom survey planning 

through to f inal  del iverables.  
 

Whilst  every  effort  has  been made to produce this guidance in  such a 
way as  to  minimise th e impacts of  advances in technology,  certain  

areas may require  revisions and updates.  Sh ould it  be noted that  
revisions are required,  readers should provide comments to Historic 
England in  order  that  these can be implemented within  future 

edit ions.  
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2  Survey techniques 
This section provides an introduction to acoustics, which underpins 

a number of the survey techniques discussed in this guidance. The 
following sections then outline the positioning systems (Section 3) 

and the three primary techniques that are used in geophysical 

survey; sidescan sonar (SSS) (Section 4), magnetometer (Section 6), 
and sub-bottom profiler (SBP) (Section 7),and hydrographic survey, 

multibeam bathymetry (MBES) (Section 5). For each technique a 

brief outline of the equipment is provided, and includes the 

common uses and limitations, survey planning, data outputs, and 
data processing. Assessment and interpretation of the resulting data 

are presented in Section 11. 

There are commonalities between each technique, particularly in 
relation to survey planning and data outputs, which leads to a 

degree of repetition between sections. However, the guidance has 

been designed to allow each technique section to be read as a 

standalone document, allowing greater accessibility for the reader. 

As stated in the Introduction, this guidance is not intended as an 

instruction manual for the operation of the equipment or associated 

software, nor as a technical guide. It has been designed to present 
the common geophysical and hydrographic techniques that are 

available within marine archaeology, how they can be applied to 

archaeological objectives, and the specifications that may be 
appropriate. The guidance is drafted to support understanding by 

those commissioning surveys for archaeological purposes and also 

for others undertaking surveys (e.g. to support marine development 
projects) so the data acquired will aid archaeological analysis and 

interpretation. Further guidance in relation to overall survey design 

is given in Section 8 for marine planning, and Section 9 for research 

and Historic England commissioned projects. 

Introduction to acoustics 

With the exception of  the magnetometer ,  the primary sensors  
commonly  used within  the marine environment use acoustics,  or  

sound,  to  image the seabed or beneath th e seabed.  This is  in  
contrast  to  many survey techniques on land which use l ight  to create 
images or  produce data.  Whilst  some survey  techniques such as  
photogrammetry  and laser scanning can be used underwater ,  th eir  

usefulness  is  l imited and more suited to small  scale surveys of  

discrete areas or  s ites.  

Limitations of light-based surveys 

Light  is  a form of electromagnetic  energy  which propagates (or  

moves)  as t ransverse waves,  the waves move most effectively  
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through a  vacuum and as  the density  of  material  increases,  the 
effectiveness  of  th e wave decreases.   

 
 
The propagation of  l ight  through water  is  l imited,  water  absorbs l ight  

making its  effective range much  less  than in  air .  L ight  is  made up of  
dif ferent  wavelengths,  the longer  the wavelength,  the lower  the 
energy,  and th e shorter the distance before absorpt ion.  Red is  th e 
f irst  colour within  the visible  spectrum to be absorbed.  
 

 
 
As  wel l  as  the absorpt ion of  colour  as l ight  moves through the water 

column,  the intensity of  th e l ight  decreases exponential ly  with 
distance from the source ;  a process  cal led attenuation.  Attenuation 

is  caused by the absorption and scattering of  the l ight  by  suspended 
part icles.  

 

Whilst  i t  i s  possible  to  use l ight -based survey methods underwater 1,  
the general  restrict ions wil l  be based around the distance of  th e l ight  

source to the subject ,  the water  clar ity,  and the ambient  l ight.  

 
1 See Case Study 6: Underwater photogrammetric survey within Historic England (2017) Photogrammetric Applications for 

Cultural Heritage. Guidance for Good Practice. Swindon. Historic England 

Fi gu re 1:   

Mo ve me n t o f  l i gh t  

wave s .  

Fi gu re 2:   

Lo ss  o f  c ol o ur  

thr o ug h wa te r .  
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Sound underwater 

Sound is  a  vibration th at  propagates as  an acoustic  wave,  through a  

transmissible  medium such a sol id,  l iquid,  or  a  gas.  Not al l  sound 
can be heard ;  humans have a general  h ear ing  range of  between 20 Hz 
and 20 kHz.  Frequencies  below 20 Hz are cal led infrasound, and 

frequencies  above 20 kHz are cal led ultrasound. Whereas l ight  waves 
are transverse waves,  acoustic  waves are longitudinal  waves.  
Vibrat ing objects underwater create sound pressure waves that  travel  
through the water  column by alternately  compress ing  (compression)  

and decompressing  (rarefaction)  molecules.  

 

There are three main propert ies  of  a sound wave that  are commonly 
discussed in  relat ion to geophysical  and hydrographic  survey :  

wavelength,  f requency,  and amplitude.  
 

Wavelength 

◼  Wavelength is  the distance between two points that  are in  phase,  
for  example between two peak compressions or  two peak 

rarefactions .  

◼  Wavelength is  measured in  Metres (m) .  

◼  Wavelength =  speed of  sound (metres  per  second) (1 ,500 m/s in salt  
water)  /  f requency of  sound (Hertz) .  

Frequency 

◼  Frequency is  the number  of  occurrences of  a  repeating event per  

f ixed unit  of  t ime.  
◼  Frequency is  measured in  cycles  per  second, expressed as Hertz 

(Hz)  or Ki loh ertz (kHz) ,  1  kHz is  equal  to  1,000 Hz .  
◼  Frequency and wavelength are inversely  proportional  to  each  other;  

when one increases th e other  decreases .  

Amplitude 

◼  The amplitude of  the sound wave is  related to the amount  of  energy 

it  carries.  A high  ampli tude wave carries  a  large amount of  energy;  
a low amplitude wave carries  a  small  amount of  energy  

◼  I t  i s  important to note that  amplitude does not alter  f requency,  and 
frequency does not  alter  amplitude .  

◼  Amplitude is  measured in  decibels (db) .  

Fi gu re 3:  

Mo ve me n t o f  

sou n d wa ve s .  
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Frequency is  the property  most commonly  referred to in  relat ion 
geophysical  and hydrographic  equipment.  

Understanding frequency 

Prior  to  a  discussion about the impact  of  f requency on geophysical  
and hydrographic survey outputs ,  i t  i s  important to  understand the 

process  of  attenuat ion.  Attenuat ion is  th e reduction in  ampl itude of  
the sound wave th rough scattering,  absorption and dis tance 
travel led  (as th e wave front  expands and th e energy  is  spread over a 
larger area) .  The reduction in  energy wil l  reduce the distance the 

sound wave can travel .  

 
Frequency wil l  be discussed in relat ion to each piece of  equipment  
within this section,  however,  there are a  few general ised rules of  

thumb that  it  is  important to  be aware of.  

◼  Higher  frequencies general ly  produce high er  resolution data but  
have greater attenuation ,  meaning th e ef fect ive range is  shorter .  

◼  Lower frequencies  general ly  produce lower resolution data but  
have lower  attenuation ,  meaning the ef fective range is  greater .  

There wil l  always be a compromise between range and resolution 

and surveys  need to be planned accordingly .  
 
Very low frequency sound can t ravel  through the water column and 

continue past  the seabed (remembering  sound travels  as  vibrat ions) ,  

this  is  used with sub-bottom prof i lers .  In  this  instance ,  the lower th e 

frequency the greater  the penetration,  however ,  the general  rule that  
the higher th e frequency,  the higher th e resolution,  is  st i l l  

applicable.  

Speed of sound underwater 

One of  the biggest  factors  affecting geophysical  and hydrographic  

survey is  the speed at  which sound travels th rough the water .  Errors 

in the calculation of  the speed of  sound wil l  cause errors in th e data ,  

part icularly  in th e case of  mult ibeam bathymetry  which  calculates 
depth by th e speed at  which the soundwaves travel  and return.   

 
The denser th e mater ial ,  th e faster soundwaves wil l  t ravel .  The 

increased density  of  part ic les wil l  mean that  neighbouring  part icles 
are closer  and th erefore col l ide more frequently.  Unlike l ight,  sound 
travels  faster th rough water  than it  does through air ,  and faster  

through saltwater  than f reshwater.  On average,  sound t ravels  at :  

◼  343 m/s in ai r  
◼  1,480 m/s in  freshwater  
◼  1,500 m/s in  saltwater  

 

The speed of  sound does not  remain constant through th e water 
column,  and is  af fected by  three pr imary factors :  

◼  Temperature  -  As  the temperature increases so does the speed of  

sound.  
◼  Salin ity  -  As  sal in ity  increases so does the speed of  sound.  

◼  Depth  -  As depth  increases,  so does the pressure,  and so does the 
speed of  sound.  
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Typical ly ,  as  the depth  increases ,  the temperature decreases and the 

sal in ity  increases.  These al l  have an effect  on the speed of  sound 

meaning  that  the speed of  sound is  not  uniform throughout  the water  

column.  Two ph enomena that  can cause marked changes in  the 
speed of  sound are th ermoclines (a  dist inct  change in  water  
temperature)  and locations where f reshwater from rivers  meets  the 
saltwater  of  th e sea.  

 

 
The speed of  sound can be measured using a  Sound Velocity  Profi ler  

(SVP).  SVP s are discussed further  in  relat ion to mult ibeam 
bathymetry ,  h owever ,  in brief ,  an SVP is  an instrument  that  is  

lowered through  the water  column which continuously  records 

pressure (and therefore depth) ,  along with th e speed of  sound.  This  

data can then be appl ied to th e survey outputs to  correct  th e speed 
of  sound through the water  column.  
 

The frequency of  deployment  wil l  be determined by the specif ication 
of  th e survey,  th e survey area,  and the environmental  parameters  of  

the survey location.  Typical ly,  the f requency of  deployment wil l  be 
between every couple of  h ours  and twice a day,  or  wh enever  the 

survey location changes.  

 

Fi gu re 4:   

So u n d ve l oc ity  

mea su re me n ts.  
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3 Positioning 
Material of archaeological interest identified by geophysical and 

hydrographic survey needs to be accurately positioned to allow for 
proper management. Positioning systems can vary in application, 

and accuracy, and the appropriate type to use will depend on the 

specification of the survey and equipment being used. Furthermore, 
there are several different ways of presenting positions which need 

to be considered. This section introduces coordinate reference 

systems and positioning systems and provides guidance as for the 

appropriate use in relation to different types of equipment. 

Coordinate reference systems 

In its  simplest  form ,  a  coordinate reference system (CRS)  is  a  gr id  
from which  measurements  can be made from a single,  pre -

determined point  (datum).  On a f lat  two -dimensional  surface this is  

achieved by measuring the horizontal  (x)  and vert ical  (y)  distances 
from the datum.  The process can be t ranslated to th ree dimensions 

through the addit ion of  a  height  measurement (z) .  Depending on the 

posit ion of  th e datum in relat ion to the gr id the x,  y ,  and z 

measurements  can be posit ive or negative.  The concept  is  applicable 
over as  small ,  or  as large,  an area as  required,  with the accuracy of  

the measured posit ion  consistent  across th e extents  of  th e grid  but  
dependant  on the l imitation of  the technique for  tak ing th e 

measurements.  

Fi gu re 5:   

Exa mp le o f  a  

coo rd i na te gr id .  
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Whilst  a  theoretical ly  simple process,  survey  posit ioning is  

complicated as  not  only is  th e earth not a f lat  surface,  but  it  is  also 

not a  perfect  sphere.  The intricacies  of  the th eory behind certain  

elements  of  coordinate references are beyond the scope of  this 
guidance and further  informat ion  found in  A guide t o c oord inate 
systems in  Gr eat  Britain  published by the Ordnance Survey should be 
consulted.  There are however  some basic  principles  that  need to be 

understood in advance of  survey.  

Geographic coordinate reference systems 

The geographic  CRS is  based on th e measurement of  the x  
( longitude)  and th e y  ( lat itude)  in  relat ion to the el l ipsoid,  and the 
height  (z)  in  relat ion to the geoid.  The measurements of  longitude 

and lat itude are made in degrees (° )  based on the centre of  the 

el l ipsoid,  with  long itude being expressed as  degrees east  (posit ive)  
or west  (negative)  of  the Prime Meridian (0°)  and the lat itude being 

expressed as degrees north (posit ive)  or  south (negat ive)  of  th e 
equator (0°) .  The equator is  an inv is ible  l ine runn ing around th e 
earth  (or  the el l ipsoid)  at  an equal  distance between the north and 

south poles.  Th e Pr ime Meridian is  an inv is ible l ine running between 
the north and south poles and passing  through Greenwich.  The 
locat ion is  important to understand, wh ilst  working  in  the United 

Kingdom there wil l  be instances where data wil l  be col lected to th e 

east  and west  (p osit ive and negative)  either separately ,  or  

potential ly  as part  of  one survey.  
 

The most  widely  used geographic  CRS,  and the standard for  G lobal  
Navigation Satel l ite  Systems (GNSS) ,  is  WGS84,  th e use of  wh ich wil l  

be famil iar  to  users of  vessel  navigation systems,  handh eld  GNSS, 
and smartph ones.  Th e posit ion can be presented in  a  number  of  

ways,  al l  based on the measurement of  degrees,  and sub -divisions of  
minutes  and seconds.   

 

Fi gu re 6:   

L i ne s  o f  l o ng it u de 

an d l at i tu d e.  
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Format  Latitude Longitude 

Degrees Minutes Seconds (DMS)* 51° 34’ 1.092” N 001° 47’.38.508” W 

Degrees Decimal Minutes (DDM) 51° 34.0182’ N 001° 47.6418’ W  

Decimal Degrees 51.56697 -1.79403 

* DMS may present seconds as decimals dependent on accuracy and should not be confused 

with DDM 

 

In  addit ion to WGS84,  the European Terrestr ial  Reference System 
1989 (ETRS89)  is  in use in Europe.  ETRS89 is  based on the same 
el l ipsoid as  WGS84 (GRS80)  and shares th e same Pr ime Meridian,  but  
it  assumes the Eurasian Plate does not move,  and th erefore both th e 
relat ive and absolute accuracy is  maintained at  a  European level .  

Hence,  ETRS89 is  the prefer red CRS in  European waters,  however  
both WGS84 and ETRS89 are commonly  in use .  

Projected coordinate reference systems 

A projected (or planar)  CRS is  one based on the project ion of  th e 
spher ical  surface of  th e earth onto a f lat  surface,  with th e addit ion of  
an invis ible  and regular gr id  from which x  and y  measurements can 

be made f rom a common datum. Projected CRS are base d on 
geographic  CRS,  however  due to the nature of  creat ing a f lat  surface 
from a sph erical  one ,  a level  of  distort ion wi l l  always be present and 

as such  this  is  minimised th ough the projection of  local ised areas.  
Within the United Kingdom the nat ional  proj ected CRS is  OSGB36 (or 

the Brit ish National  Gr id (BNG)) .   
 

OSGB36 is  not  typical ly  used within  marine surveying,  however it  is  
noted here as in some instances,  such as  within the jur isdict ion of  

ports  and harbours,  data may be required to be posit ioned in  this  
format ,  and some historic chart ing and data may also b e held in 

OSGB36.   

 

 
 

Fi gu re 7:   

U T M Z o ne s.  
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The most  commonly  used project ed coordinate system  in  the marine 
environment is  the Universal  Transverse Mercator  (UTM) project ion.  

The UTM project ion is  made up 60 zones each cover ing an area of  6 °  

of  longitude,  with  the project ion and size of  each  zone designed to 

minimise distort ion.   
 

In the North ern Hemisphere measurements  are made in metres  f rom 
the intersection to th e east  of  the western edge of  the zone and 

north of  the equator  and are known as  eastings and northings.  I t  i s  
important  to  note that  measurements include a false measurement  
of  500,000 applied to the east ing ( false east ing) .  In the Southern 
Hemisph ere a false northing of  10,000,000 is  applied to el iminate 

negative numbers.  UTM projections can be applied to both WGS84 

and ETRS89.  Th e United Kingdom is covered by two UTM zo nes,  Zone 

30 to  the west  of  th e P rime Meridian and Zone 31 to th e east  of  the 

Prime Meridian.  Due to the same coordinate being repl icated within 

each  zone,  i t  is  essential  that  the UTM zone,  and th e location in  th e 
Northern or Southern Hemisph ere is  recorded, often presented as  
ETRS89 Z30N.  
 

Format  Northing Easting 

ETRS89 UTM Zone 30 North (ETRS89 Z30N) 5713566.28 583585.54 

Positioning systems 

Having established th e methods of  presenting posit ions and th e 

format  in  which they are captured,  consideration must  be g iven to 

how posit ion data are col lected,  and how this is  appl icable to  

geophysical  and hydrographic  survey.  Th e term GPS (Global  

Posit ioning System) is  commonly  used  as a synonym for  GNSS. 
However ,  GPS (wh ich is  owned and maintained by th e United States)  

is  just  one example of  a GNSS,  with  others  including Gali leo 

(Europe),  GLONASS (Russia)  and BeiDou ( China) .  Al l  operate in  a  
similar  way and dif ferentiat ion is  not  required so the term GNSS 
should be used.   

 
There are three primary posit ioning methods that  wil l  be br iefly  

discussed:  GNSS,  Dif ferent ial  GNSS (DGNSS),  and Real  Time  

Kinematic  (RTK)  GNSS .  

Global Navigation Satellite System (GNSS) 

Almost  everyone wil l  h ave had interaction with,  or  used a  GNSS,  even 
i f  th ey  are unaware of  i t .  I t  provides  the posit ioning information in  
most consumer electronics,  including smart  phones,  car  satel l ite  

navigation systems,  cameras,  and vessel  ch art  plotters.   
 
In  order  to  calculate lat itude and longitude,  signals  from at  least  

three satel l ites must  be received .  To calculate alt itude,  signals  f rom 
four  satel l ites must  be received.  However ,  th e more satel l ites  that  

signals are being received from th e greater  the accuracy .  Conversely,  
the lower the number  of  satel l ites  sending signals ,  the higher 
potential  for  errors.  For a receiver  to  be able to receive signals,  i t  
must  have a  direct  l ine of  s ight  with  the satel l ite,  meaning not  al l  

satel l ites wil l  be visible at  th e same t ime due to th eir  location in  the 
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Earth’s orbit .  Furthermore ,  th e v isib i l i ty  of  satel l ites wil l  depend on 
obstructions including topograph y,  buildings,  and dense forest .  This 

is  less  of  an issue in  a  marine context ,  but  considerat ion should be 

given to potential  obstructions to  satel l ite  v iew  that  may be caused 

by the vessel  superstructure.  
 
The h orizontal  accuracy of  GNSS wil l  depend on factors  such as  the 
speci f ication of  the receiver,  atmospheric  condit ions,  the number of  

visible  satel l ites ,  and restr ict ions on th e GNSS output  signal .  Th e 
achievable accuracy of  a n uncorrected single receiver  can  vary  
signi f icantly ,  but  is  l ikely  to  be between 3.0  m and 15 m.  The vert ical  
accuracy of  GNSS is  typical ly  signif icantly less:  up to 2  to  3 t imes the 

horizontal  accuracy.  

 

I t  i s  worth  noting  that  a s ingle GNSS receiver  cannot  calculate 

heading unless  it  is  moving.  A GNSS compass  is  required to calculate 

heading whilst  stat ionary.  A GNSS compass  uses two GNSS antenna 
separated by  a  f ixed distance,  with  the relat ionship in  posit ions used 
to calculate the heading.  The greater th e separat ion of  the antenna,  
the more accurate the heading.  Wh en used within an integrated 

posit ion and mot ion system (discussed below ) a  minimum of  2 .0 m  

separat ion should be used,  although for  use with towed systems a  
separat ion of  0.5  m is  general ly  acceptable.  

Differential Global Navigation Satellite System (DGNSS) 

Uncorrected  GNSS data are  not suff icient  for  use as  a  posit ioning 
system for  geophysical  and hydrographic survey .  One method of  data 

correction is  the use of  a  Di fferential  GNSS (DGNSS).   
 

A GNSS receiver  left  in  a  f ixed posit ion for a number of  hours wil l  
record a  spread of  locations as  a  result  of  atmospheric  condit ions 

and inherent  inaccuracies  within  the equipment.  Establishing a  GNSS 
receiver at  a known location within th e same geograph ical  area (base 

stat ion)  al lows the measurement  of  variat ions,  and thus errors ,  in 
signals.  Corrections can then be applied to the source s ignals 
result ing in improved accuracy.  Within  the marine environment the 

most common way of  receiving corrections is  through a Satel l ite  

Based Augmentation System (SBAS).  Within  Europe the SBAS is  th e 

European Geostationary Navigation Overlay  Serv ice (EGNOS).  
Reception of  SBAS corrections is  dependent  on the GNSS receiver  

being enabled to receive th em.  Typical ly,  accurac ies  are discussed at  
around 0.6 m, however  greater  accuracies  of  ̴  0 .3 m can be achieved 

under  ideal  condit ions.  Th e vert ical  accuracy of  DGNSS is  2  to  3 

t imes  less  than the horizontal  accuracy.   
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For surveys using  towed equipment,  DGNSS is  typical ly  suff icient  as 

it  provides a level  of  posit ioning accuracy proport ional  to  the actual  

est imated location of  the equipment.  DGNSS is  not  suff ic ient  for  the 

accurate measurement of  heights,  and th erefore w here accurate 
height  data,  or  more accurate hor izontal  data,  is  required (typical ly  
vessel  mounted equipment)  more accurate Real  Time Kinematic  

(RTK)  correct ions can be used.  

Real Time Kinematic (RTK) 

RTK is  a form of dif ferential  correction as  discussed above,  and th e 

basic principles  remain the same;  a  base stat ion collects  data and 
the corrections from this are applied to the source data.  There are 

two types of  RTK correction solutions.  Th e f irst  is  derived from a 

base stat ion posit ioned at  a  known point  that  is  ideally  less  than 20 

to 40  km from the survey location and transmitted to a receiver  (or 
rover)  on the survey vessel .  Typical ly,  this  provides the most 

accurate solution and accuracies of  jus t  a few centimetres  can be 
achieved horizontal ly,  with the vert ical  accuracy around two t imes 
the hor izontal .  Th e other method is  the use of  correct ions der ived 

from a network  of  RTK base stat ions,  maintained by a  serv ice 
provider and distr ibuted via  an in ternet-based solution.  Th is  
typical ly  provides less  accuracy than a  dedicated base stat ion and 
rel ies  on coverage within the survey area.  However ,  i t  is  st i l l  super ior  

to DGNSS.  

 
I f  h eight  data,  wh ich is  crit ical  for  the col lect ion of  high quality  

mult ibeam bathymetry  data,  is  being derived f rom GNSS then RTK 
posit ioning must  be used.  DGNSS and uncorrected GNSS have 

insuf f ic ient  vert ical  accuracy.  
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Post-processed navigation 

The three posit ioning solutions detailed above relate to  posit ional  

data,  with  correct ions being received in  real  t ime and appl ied 
directly  to  the data.  Br ief  mention sh ould be made of  Post  
Processing  Kinematic  (PPK)  software solutions.  PPK is  of  part icular  

relevance wh ere online corrections are not  available.  PPK software 
enables  the processing of  recorded  raw  GNSS data with data 
recorded f rom reference base stat ions .  Th e base stat ion  can include 
data from both the t ime of  the survey but  also in  the per iod s before 

and after ,  a l lowing a more accurate model  of  atmospheric  condit ions 

and ef fects  to  be created.  Th e combination of  the different  datasets 
al lows for  the potential  to  achieve accuracies  within  a  few 
centimetres .  

Sensor positioning 

The use of  GNSS,  DGNSS, or  RTK wil l  al low the posit ioning of  the 
receiver,  which  wil l  depend  on the location of  the antenna.  Unless  
the sensor  is  directly under  the antenna the horizontal  posit ion wil l  

not  be correct ,  and unless directly connected the height  wil l  also not 

be correct .  Th e methods of  establ ishing the posit ion of  th e sensor in 

relat ion to the GNSS posit ion depends on wh ether  the sensor  is  
towed or attach ed to the vessel .  

Towed sensor positioning 

Whilst  there are exceptions,  sidescan sonars ,  magnetometers,  and 

some sub-bottom prof i lers  are  usually  towed behind th e survey 

vessel ,  with the cable relaying  data to th e surface also acting  as th e 
tow cable.  The sensors are typical ly  towed at  a  constant  distance 

above the seabed (alt i tude)  rather than a  constant  distance below 
the surface (depth) .  As  the sensor  is  below th e surface,  there is  no 

visual  reference,  nor  is  there the abil it y  to  attach a GNSS receiver  to  
it ,  meaning that  the posit ion has to  be c alculated in  a  di f ferent  way.  
This  is  done through  either  the calculat ion of  layback (the distance 

behind the vessel)  or  through the use of  acoustic  posit ioning to 
obtain  a  more accurate posit ion.  

Layback 

Calculating layback is  the determinat ion of  the sensor  posit ion in  
relat ion to the point  on the vessel  f rom which the sensor is  being 

towed (tow point) .  In  turn,  th e tow point  is  referenced to the GNSS 

receiver through the measurement of  of fsets.  The combinat ion of  the 
offset  measurements,  and th e layback wil l  describe  the posit ion of  
the sensor .  
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The calculation of  layback from the tow point  is  based on the 
amount of  cable connecting  the sensor  to  th e vessel  (cable out) .  

Assuming the sensor and the tow point  were on a  horizontal  plane ,  
the layback would be equivalent  to  the cable out.  However,  the tow 

point  is  usually  above the surface and the sensor  wi l l  general ly  be 
beneath the surface,  meaning the cable out  wil l  be greater  in length 

than the layback.   

 
There are several  ways of  calculating  layback.  In its  simplest  form,  i t  
involves  a  basic t r igonometric  calculation,  with the main variables 

being:  the depth of  th e sensor plus  the vert ical  distance f rom th e 

surface to th e tow point  (c) ,  and th e cable out (a) ,  thus layback (L)  

can be identi f ied using L= √ (a 2  –  c 2 )  (F igure 11) .  A separate 
calculation would have to be made to account for  the distance 
between the vessel  tow point  and GNSS receiver ,  and the results 
combined for th e t rue layback posit ion.   

 
Whilst  layback provides a  relat ively  good approximation of  sensor  

posit ion,  i t  does h ave issues ;  th e calculation assumes th e sensor is  
posit ioned directly  behind the tow point  (which depending on 

currents  it  may not  be )  and it  doesn’t  take into considerat ion any 
catenary ef fects  on th e cable which  wil l  reduce the layback  from the 
theoretical  posit ion .  C alculations  to  account  for  this  second point  

can be made but require  the alt itude of  the sensor  to  be known.  
Whilst  manual  calculation of  layback  can be t ime consuming,  most  

data acquisit ion software wi l l  undertake the calculation 

automatical ly  fol lowing  the input  of  offsets  and cable out  
measurement .  I t  is  important  to  note that  th e cable out f igure and 

any layback  calculations should always be recorded  separately ,  even 

when entered into the acquisit ion software.  

 
Layback calculations become less  accurate as th e depth  of  th e 
sensor  or  length  of  the cable increases and so this method of  

Fi gu re 1 0:   
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posit ioning is  most  suited to shallow water applications and should 
not be used wh en high  posit ional  accuracy is  required.  

 

To achieve a high er ,  and more constant,  po sit ional  accuracy  an 

acoustic  posit ioning system should be used.   

 

Acoustic positioning 

There are three main types of  acoust ic  posit ioning system;  

◼  Long Base Line (LBL)  
◼  Short  Base Line (SBL)  

◼  Ultra  Short  Base Line (USBL)  

 
LBL and SBL are not  commonly used to posit ion towed  sensors .  The 

most commonly  used  acoustic  posit ioning system  to posit ion towed 
sensors  is  USBL,  and this method  is  discussed here.  

 

A USBL system consists of  a  transceiver  mounted to the vessel ,  the 

locat ion of  which is  known in relat ion to the GNSS posit ion through 
the measurement  of  of fsets,  and a t ransponder  mounted to the 

sensor ,  or  more typical ly  on th e tow cable close to  the sensor .  The 

transceiver emits an acoustic  pu lse which  is  detected by th e 
transponder ,  which th en sends a  reply  pulse.  Th e speed at  which the 
pulse is  returned al lows a calculation of  distance (range)  while  the 
bear ing al lows the  direction  in  relat ion to th e t ransceiver,  and 

therefore the sensor  posit ion,  to  be calculated and inputted into the 

acquisit ion software.  To achieve th e most accurate posit ion ,  the 
heading of  th e vessel  and th e mot ion should be applied to the data.  
 

Fi gu re 1 1:   
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Specif icat ions between systems vary but  most can achieve an 

accuracy of  between 0 .1 % and 5% of th e slant  range ( the distance 
from the transceiver  to the transponder) ,  track mult iple  targets,  and 

record posit ions between one and four  t imes a  second  (1  Hz to  4  Hz) .  
USBL systems are not l imited to the posit ioning of  towed geophysical  

sensors  but are also used to posit ion Remotely  Operated Vehicles  

(ROVs) ,  Autonomous Underwater Vehicles  (AUVs) ,  Remotely  Operated 
Towed Vehicles  (ROTV) ,  used with  mult i  sensor arra ys,  and even 
divers .  
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Vessel mounted sensor positioning 

Sensors mounted directly on the vessel ,  including mult ibeam 

echosounders,  some sub-bottom profi lers ,  and USBL,  not  only  need 
to have th eir  posit ion calculated in  relat ion to the GNSS  but  also 
need to be compensate for  the mot ion of  the vessel .   

 
Vessels,  ROVs ,  AUVs and oth er  plat forms  sensors  may be mounted on 
do not move in  one plane,  and th e motion is  measured against  a  
number of  axes.  Th ese are heave,  p itch,  rol l ,  sway,  surge,  and yaw 

(Figure 14) .  The combination of  movement s  wil l  affect  wh ere th e 

data are  posit ioned.  For example,  not  calculating h eave wil l  result  in 
art i f ic ial  depth measurements  between th e sensor  and the seabed, 
and not calculating  rol l  wil l  mean the data wil l  be posit ioned to th e 

side of  the vessel  with  an art i f icial  depth .  

Vessel  mot ion is  compensated  for  through th e use of  an Inert ial  
Measurement Unit  ( IMU) ,  also known as  a  Motion Reference Unit  

(MRU).  An IMU uses an accelerometer to measure accelerat ion along 

three axis and a  gyroscope to measure angles along three axis ,  to a  
def ined datum. Typical ly,  the motion data,  G NSS posit ion ,  and data 

from very  accurate heading sensors  are combined  (known as  an 

integrated solution)  and the posit ion of  the data calculated.   

 
To ensure the recorded motion is  applied correctly  to  the data,  i t  i s  

imperative that  the relat ionship (of fsets)  between the sensor ,  the 
IMU,  and th e GNSS are precisely  known, along with th e waterl ine and 
the centre  of  rotat ion  (CoR)  of  the vessel .  Dif ferent  software  wil l  

require  the input of  di f ferent  offsets  and manufactures  instructions 
should be fol lowed ,  noting nuances between software packages.  

Fol lowing instal lat ion and th e input of  offsets,  the posit ion and 
motion system wil l  need to be cal ibrated,  which usual ly  requires  the 

making of  a  number  of  movements  at  sea  so the posit ioning software 

can refine the offset  measurements .  The more accurate th e of fsets,  
the more accurate the cal ibration,  and therefore the more accurate 
the data posit ioning.  

Fi gu re 1 4:   
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A typical ,  well  cal ibrated IMU, GNSS compass,  and DGNSS should be 

able to  produce:  

◼  A horizontal  posit ional  accuracy of  0.5  m  
◼  Roll  and pitch accuracy of  0.03 °  

◼  Heading accuracy (2 .0  m antenna separation)  of  0 .03 °  

◼  Heave accuracy of  0 .05 m.   

 
In addit ion,  the IMU sh ould be able to  maintain a  posit ion output  
through motion der ived dead reckoning,  even with  a  GNSS outage.   
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4 Sidescan sonar 
Sidescan sonar (often abbreviated to SSS) uses sound waves to 

obtain high resolution, two-dimensional, imagery of the seabed.  

The original concept of sidescan sonar focused on military 

applications, such as the identification of mines and submarines. 

Sidescan sonar has developed steadily since its initial conception, 
including evolving from using analogue to digital signals, and from 

recording the data on paper, to recording digital files that can be 

used and distributed much more easily.  As is typical with 

technology, the costs and sizes have decreased significantly 
meaning that many dive charter vessels are fitted with small, 

reasonably priced systems that provide relatively good data in 

relation to the price. Equally, technological advances have meant 
that data originating from survey-grade equipment have increased 

in resolution and quality. 

Uses 

Early iterations of  sidescan sonar as  we know it  today  were  used to 

locate wrecks  such as  the Mary R ose  off  the coast  of  Portsmouth.  As  
data h ave increased in  resolution and quality ,  the archaeological  

applications have increased  to include ident if ication of  much smal ler  

anthropogenic  material  on th e seabed ,  as  well  as  wrecks.  Sidescan 

sonar now forms a  core component  of  many archaeological  surveys.  
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How it works 

In sidescan sonar ,  sound is  emitted  sideways  and reflections are 
received f rom transducers  located on  th e sides of  th e instrument.  
Most  commonly ,  the transducers  are mounted on a  towed device 
known as  a  tow f ish .  They can also  be mounted on,  for  example,  
remotely  operated veh icles  (ROVs) ,  autonomous underwater  vehicles  

(AUVs) ,  or  d irectly  onto a  vessel .  
 
High frequency sound pulses (or  pings)  are emitted from the 
transducers  in  a  vert ical  fan -shape.  The sound travels th rough the 

water  and is  reflected back to th e t ransducer  where the amplitude of  

the return is  recorded ,  along with the t ime between signal  
transmission and receiving the reflected signal .   

 
This  t ime is  used to calculate the distance from the transducer to the 

ref lector ,  known as  th e slant  range.   
 
The amplitude of  the returning s ignal ,  known as th e intensity ,  is  a  

function of  the  reflect ive propert ies  (often  ch aracterised by  the  

physical  hardness)  of  the surface from which the sound is  ref lected :  

Hard surfaces 

◼  Strong return  

◼  High intensity  

Soft surfaces 

◼  Weak return  
◼  Low intensity  

 
The intensity  is  recorded and displayed graphical ly  using a 

graduated colour  scale.  Data are displayed consecutively  creating  a 
scrol l ing  image known as  a  waterfal l .  I t  is  common for  most  data 
col lection software to  be able to  adjust  colour scales  and gains  

during  data acquisit ion to al low clear  visual  representation  of  the 
data.  
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Acoustic shadow 

Sound works in a very similar  manner to l ight,  in  that  sol id  objects  

wil l  block  sound,  not  a l lowing it  to  travel  through. In  the case  of  
sidescan sonar ,  upstanding objects on th e seabed wil l  block the 
sound  waves  result ing  in  what  is  cal led acoustic  shadow. Whilst  

acoustic  shadow wil l  cause areas of  no data,  this ef fect  can highl ight  
variat ions in topography and help v isual ise objects  on the seabed ,  
reveal ing th eir  form and al lowing the measurement  of  their  length,  
breadth and h eight .   

 

The h eight  of  the s idescan sonar above the seabed  (known as  the 
alt itude) ,  as  well  as  the distance from an object ,  wil l  af fect  th e shape 
and dimensions of  th e shadow.  Knowing the alt itude of  th e sensor ,  

the range to object ,  and the length of  th e shadow al lows an accurate 

assessment  of  th e h eight  of  the object  to be made.   

 

Resolution 

Simply put,  for  a g iven sample interval ,  the higher  the resolution,  the 
clearer  and more detai led the result ing  image wil l  be .  G eneral ly ,  the 
higher th e frequency ,  the greater  the resolution,  but  also the greater 

the attenuation so the shorter th e range.  Th e two types of  resolution 
discussed in  relat ion to sidescan sonar  are ‘across t rack ’  and ‘along 
track’ .  
 
Across t rack (or range)  resolution is  th e abil i ty  of  th e sonar  to  

resolve two separate features  that  l ie  perpendicular to th e 
transducer.  Th e primary factor  that  influences across  track  
resolution is  the pulse length .  The higher  the f requency ,  the shorter 
the pulse length .  The shorter  the pulse length the smaller  the 

amount of  seabed ensonif ied with each  pulse,  and therefore the 

smaller  th e distance between two features  that  can be measured 
whilst  th ey remain separate in th e data.  The across t rack  resolutio n 
remains almost th e same across th e range.  

Fi gu re 1 8:  
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Along track resolution is  th e abil ity  of  the sonar  to resolve two 

separate features  that  l ie  along the track  of  the sonar this is  

governed, in  part ,  by  the aperture (or beam angle)  of  the sonar.  Th e 

smaller  th e beam angle,  the smaller  the beam width,  which  wil l  
result  in  a  smaller  area of  seabed being ensonif ied with each  ping,  
and th erefore the smal ler  the distance between two features  that  can 
be measured whilst  remaining separate in th e data.  The along track 

resolution decreases with distance f rom the tr ansducer .  
 
Sampling  interval  wil l  also affect  survey resolution ,  but  this wil l  be 
determined by th e vessel  speed and l ine intervals .  

  

 

Limitations 

Sidescan sonar  is  a  very common technique and forms th e backbone 
of  many geophysical  surveys due to its  abil ity  to  identi fy  small  
objects  across  wide areas of  seabed.  When viewed in comparison 

with the other seabed imaging technique,  m ult ibeam bathymetry ,  
there is  signif icantly less anci l lary equipment required,  reducing the 
mobil isat ion t ime and the overal l  cost .  Sidescan sonar  systems are 
often easier  to  operate that  mult ibeam bathymetry  systems,  and 

systems are available that  are aimed at  everyone from recreational  

boat owners  through to professional  surveyors ,  making it  a  very  
versati le  technique.  
 

When considering  a  sidescan sonar survey,  there are l imitations that  

should be noted.  
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Two-dimensional survey 

Survey data or iginat ing from sidescan sonar are  two-dimensional  

(2D)  and are  presented as a plan view image of  the seabed. Whilst  
many sidescan sonar systems wil l  record the depth and alt itude at  
each  ping,  these data are not  processed into a  three-dimensional  

(3D)  image and h eights of  features,  or  the presence of  upstanding 
features,  are identi f ied through  the assessment of  acoust ic  shadow.  

Positioning 

Posit ioning techniques are discussed in  Sect ion 3.  Being 
predominantly a towed technique ,  s idescan sonar  is  susceptible to  

external  factors such  as currents  which can alter  the calculated 
posit ion of  th e sensor .  Deeper water  and large amounts  of  tow cable 

can furth er  reduce th e accuracy of  layback  calculations.  To 
accurately determine the posit ion an Ult ra  Short  Basel ine (USBL)  
system should be used.  Addit ionally,  towing the s idescan sonar  
perpendicular to th e direction of  the current wil l  not  only  skew the 
posit ion of  th e tow f ish in  relat ion to th e tow point,  but  can also 

cause th e tow f ish to  twist  or  yaw,  reducing the qual ity  of  the data.  

Weather 

Sidescan sonar  is  very susceptible  to  the effects  of  weather ;  
Movement of  the survey vessel ,  such  as  motion caused by waves,  

swell ,  or  wind,  can cause tugging on the tow cable which impacts the 
motion of  the tow f ish.  These movements  wil l  be visible  as  l ines,  

str iat ions,  or  noise within the data reducing the abil ity  t o  undertake 
interpretation and assessment.  Where the s idescan sonar is  f ixed to 

the survey vessel ,  e ither  on the hull  or  on a  survey pole,  th e ef fects  
of  weather  and vessel  movement  are exacerb ated.  

Obstacle avoidance 

Depending  on the depth of  water ,  th e amount of  tow cable extending 
from the survey vessel  can range from 10 m to over 100 m , with th e 

tow f ish  being towed a  f ixed distance above the seabed. Whilst  th e 
alt itude of  th e tow f ish can be monitored,  this is  only  possible at  the 
locat ion of  the tow f ish making it  suscept ible to impact  with  the 

seabed where there are sudden changes in  topography and where 

there are upstanding features  such as  wrecks.  The potential  for  

snagging on submerged hazards such  as  f ishing g ear,  mooring 
chains,  structures,  etc .  should also be considered.  

Survey planning 

Whilst  survey planning,  in relat ion to speci f ications,  is  covered in  
Section 12  the fol lowing should be considered during  the survey 
planning process  to  ensure optimal  qual ity of  data :  

Equipment selection 

The equipment  selected should be based on the abil ity  to  meet  the 

objectives  of  th e survey.  Select ion should take into consideration:  

◼  Range vs  resolut ion:  in general  terms th e higher th e resolution,  th e 
shorter  the effective range.  Th e object ives of  the survey wil l  
determine wh ether  wide area coverage or  higher resolution  data  
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are the primary considerat ion.  For  archaeological  assessment ,  
frequencies  of  between 400 kHz and 500 kHz can of fer  a good 

compromise between range and resolution.  

◼  Depth of  water  and environment:  for  towed equipment,  the deeper 

the water  the more tow cable wi l l  be needed to ensure the correct  
alt itude of  th e tow f ish,  and typical ly  the heavier th e tow f ish 
required to ensure stabil ity.  At  depths of  water  exceeding 25 m the 
addit ional  weight of  cab le and drag through  the water  is  l ikely  to  

require  the use of  a  winch to safely  deploy and recover  the tow f ish.  
Current ,  and/or  poor  sea states,  may require  the use of  heavier  
equipment to minimise th e impact  to  data quality .  

Line planning 

Survey l ine spacing sh ould be planned to meet th e objectives  of  the 

survey (Sect ion  12) ,  th e predominant factors  being th e seafloor  

coverage percentage  and the ensonif ication of  th e water  column 
which wil l  be determined by th e usable range of  the system.  The 

useable range of  the system wil l  be determined by the frequency and 
the model  of  sidescan sonar.  Consideration should also be given to 
the requirement to visual ise areas of  acoustic shadow, typical ly  

achieved wh en planning for  200% coverage.  Where possible ,  l ines  
should be planned to run :   

◼  In straight  l ines ,  with turns being undertaken outside of  the survey 

area.  The quality  of  th e result ing  data wil l  depend on the abil ity  of  

the survey vessel  to maintain  straight  l ines  during data acquis it ion.  

Data col lected during  a turn wil l  compress  data on th e inside of  the 
turn,  and stretch  data on the outside of  the turn,  as  well  as  

potential ly  causing th e tow f ish to  rol l .  
◼  Paral lel  with th e direction of  the current  to minimise th e impact  of  

cross  currents  on the posit ion,  stabil ity,  or  heading of  th e tow f ish.  
The abil ity  of  the survey vessel  to  maintain a st raight  l ine and 

fol low l ine plans,  wil l  be reduced wh en travel ing perpendicular  to  
the current .  

◼  As far  as  possible  paral lel  with th e seabed topography  to avoid 
changes in alt itude over  the course of  the l ine.  In  areas of  shal low 
water ,  and along th e coast ,  survey  l ines  should be run paral lel  to  

the sh ore and working f rom deep to shallow to minimise th e r isk  to  

the tow f ish .  Shallow water  surveys  sh ould aim to undertake the 

shallowest  areas at  the per iod around high t ide.  
◼  At a  constant  speed , typical ly  c .  4  knots .  However,  manufacturer ’s  

speci f ications should be adhered to .  Some systems wil l  be able to 
operate at  higher  speeds.  In  some instances,  i t  may not  be possible  

for  the survey vessel  to maintain  a  consistent  heading at  a  low 

speed and in this instance,  consideration sh ould be given to 
running al l  l ines  into the current to increase steerage .  

◼  At a  constant  alt itude ,  typical ly  calculated as 10% of  the range.  To 
ensure opt imal  data quality th e length  of  tow cable sh ould remain 

constant on each l ine .  However,  large ch anges in  topography may 

mean that  adjustments need to be made.  

Calibration and testing 

Prior  to  the commencement  of  the survey ,  cal ibrat ion cert i f icates  ( i f  

applicable)  of  the equipment should be ch ecked and it  should be 
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conf irmed that  they are in date.  Cal ibration intervals  wil l  be 
determined by th e manufacturer .  

 

Prior  to  deployment ,  the system should be ful ly  mobil ised on deck  

and al l  inputs  into th e acquis it ion software confi rmed . This  can 
include GNSS,  USBL,  tow f ish ,  etc .  The tow f ish should be confi rmed 
as operat ional  by performing a  rub test ,  whereby the port  and 
starboard transducers  are rubbed in  turn .  Wh en correctly  connected ,  

a s ignal  wil l  be vis ible  in the acquisit ion software corresponding to 
the correct  t ransducer .  

Survey outputs 

Sidescan sonar  data are  recorded digital ly  during acquisit ion and, 

depending on the manufacturer ,  wil l  e ither  be saved as  .xt f  

(eXtended Triton Format)  which is  considered the industry  standard,  
or a proprietary  format ,  which wil l  have a  f i le extension unique to the 

manufacturer .  Each survey l ine should be recorded individually,  with 

acquisit ion stopped pr ior  to  the start  of  turns,  and started fol lowing 
the complet ion of  th e turn.  Data f i les  wil l  include ,  at  a  minimum , the 

acoustic  data and the posit ion of  each ping.  Whilst  largely  an 
automated process,  f i les  wil l  general ly  (and should)  include:  

◼  l ine identi f ier  or  name  
◼  start  t ime and date  
◼  stop t ime and date  

◼  start  posit ion  

◼  stop posit ion  

 
I t  is  important to understand wh ere th e posit ion stored in th e f i le 
relates  to .  D epending  on how the system is  set  up this  can be the 

Minimum object detection size and positioning test 

The determination of a correct minimum object detection size, and accurate 

positioning, can be achieved through the deployment to the seabed of an 

object of known dimensions, corresponding with the required specification, 
and at a known position. The following provides an example of a minimum 
object detection size and positioning test.  

The distances discussed will depend on the range of the sidescan sonar, for 
this example a range of 50 m will be assumed. The test should be undertaken 

under the expected survey conditions, including line direction and speed. 

Two lines of data should be collected either side of the object at a fixed 
distance from the object (15 m) and in the same direction (e.g. north to south), 

two further lines of data should be collected at a fixed distance towards the 
edge of the range (40 m) and in the opposite direction (in this instance south to 

north). The process should then be repeated with perpendicular lines (i.e. east 
to west and west to east). From the resulting data the minimum object 

detection size can be confirmed both close to the transducers and at the outer 
edges of the range, as well as on both port and starboard channels. The 

plotting of the positions from all lines will allow for the identification of any 
offset errors, caused by tow point offset measurements, layback calculations, 

USBL errors, and potentially current. 
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GNSS antenna posit ion,  the tow point  (defined th rough offsets  in  the 
acquisit ion software) ,  or  th e posit ion of  the tow f ish  calculated 

through layback,  input  during acquisit ion,  f rom the tow point  or  

recorded f rom a USBL system.  Ir respective of  the posit io ning system 

used, the length of  cable out should be recorded separately ,  and 
outside of  the acquisit ion software,  for  each l ine.  
 
Fi les may also include;  

◼  real  t ime bottom tracking  
◼  layback 
◼  GNSS/or tow point  posit ion  
◼  corrected posit ion  

◼  real  t ime gain  adjustments  –  to  note,  data sh ould be exported with 

no gain  adjustments applied.  Whilst  real  t ime gain  adjustments are 

useful  for  data v isual isation dur ing data acquisit ion,  they sh ould 

not be permanently applied to the export  data .  

Quality control 

Prior  to  the commencement  of  data processing,  th e data sh ould be 

subject  to a process  of  quality control .  The process should establ ish 

the qual ity  of  the data in  relat ion to suitabil i ty  for  archaeological  
interpretation,  and wh ether  the objectives  of  the survey have been 

met.  Whilst  data suppl ied by  a  survey contractor ,  typical ly  in  relat ion 
to marine development,  wi l l  have been through a process  of  quality  

control  i t  is  st i l l  important that  this  is  undertaken pr ior  to  any 

addit ional  processing  and interpre tation.  Th e results  of  the quality  

control  assessment should be presented in the survey report  ( Section 
14) .  

 

The quality  control  process  should be ongoing .  Issues with  data may 

not become apparent unti l  the interpretation phase ,  wh en each l ine 
(or block)  of  data is  v iewed indiv idually .  The process for quality  
control  wil l  depend on the workflow of  the organisation undertaking 

the work,  as well  as th e software being used,  but  at  a  minimum the 
fol lowing should be considered :  

Data quality 

◼  Do the data have any other  issues which  may affect  archaeological  
analysis  and interpretation?  Do the data show signs of  stretching or 
compression caused by poor  weather ,  sea state,  data being 
collected on turns,  or  the tow f ish  not  f lying  ‘smoothly ’?  

◼  Do the data show signs of  interference f rom other  equipment  

including from simultaneous surveys  ( i .e .  mult ibeam bathymetry  or  
sub-bottom profi ler ) ,  vessel  engines,  or  vessel  equipment  such  as 
echo sounders ?  

◼  Does the qual ity of  the data degrade towards the edge of  the 

recorded range ? Typical ly,  this  is  caused by recording at  a  range 

greater  than is  appropriate for  the frequency.  Most  commercial ly  

available software wil l  al low import ing,  or  t r imming,  of  data to  a  

percentage of  th e range.  This wil l  h owever  af fect  the overal l  

coverage of  the data.  
◼  Have the data been collected to a  specif icat ion to achieve the 

minimum object  detection size?  In  the absence of  th e survey of  a  
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test  object  of  known s ize at  varying  ranges th is can be achieved,  to  
a certain  degree,  through the measurement of  features,  such as  

boulders,  ident if ied within the data.  This should be undertaken 

across the ful l  range of  the data.  

◼  Do the data have any other  issues which  may affect  the 
archaeologist 's  abil ity  to  undertake arch aeological  interpretation ?  
This  can include,  but  is  not  l imited to,  the presence of  natural  or  
geological  features  including sandwaves,  reefs,  boulder  f ields,  etc .  

that  may either  obscure th e seabed through acoustic  shadow, or  for 
example in  the case of  boulder  f ields ,  obscure th e presence of  
archaeological  material  or  make interpretation dif f icult .  Although 
less common, th e presence of  oth er  factors ,  such as  lar ge shoals  of  

f ish  and thermocl ines,  can al l  impact data quality and the abil ity  to 

undertake archaeological  assessment.  

Positioning and navigation 

◼  Whilst  raw navigation data ( including th at  embedded within  the 

sidescan sonar  data)  wil l  usually  require  some smoothing dur ing 
processing ,  th e general  trend should be assessed for irregularit ies  
including large spikes,  missing  data,  or  notably wrong posit ions.  

This  can include ensur ing the data have been recorded in  the 
correct  coordinate reference system,  both in  relat ion to th e area 
( i .e .  correct  UTM Zone)  and as presented in the survey details .  

◼  Have the correct  layback and/or offsets  been recorded? This can be 

achieved through the assessment  of  th e posit ion of  features  

ident if iable on mult iple l ines  of  data.  Broadly speaking ,  large 
offsets along track  indicate layback or  tow point  of fset  errors,  and 

offsets across  track indicate tow point  of fset  errors .  However,  the 
effects  of  currents ,  both along track  and across  track,  can cause 

errors.  Mult ibeam bathymetry  data can  also  be used to establ ish  
errors in th e posit ioning of  sidescan sonar data.  

Coverage 

◼  Has th e survey achieved the required coverage,  both in  term of th e 
survey area and the coverage percentage?  Most  commercial ly  

available and industry  standard processing software wil l  plot  th e 
data alongside a  shapefi le  of  the survey area  to enable an 

assessment  of  coverage .  I f  this function is  not  available ,  the data 
should be exported as  a georeferenced mosaic and assessed within  
a Geographical  Information System (GIS) .  Th e assessment of  

coverage percentage can again  be assessed within most processing 

software,  with  the results presented graphical ly  and numerical ly.  I t  
is  important  to note th at  coverage should be determined fol lowing 
the assessment  of  data degradation at  th e extents of  the range,  and 
only  the useable data included .  

Processing and visualisation 

Prior  to  processing ,  a backup of  the raw,  or ‘as suppl ied’,  data 

should be created .  Wh ilst  most  processing  software wil l  create a 

separate f i le  for  processed data  (and thus not alter  the source data )  

i t  is  good pract ice to maintain  an unaltered copy of  the data.  
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I t  i s  important to understand the process  of  importing  data,  and any 
automatic  adjustments that  may be made by the software that  wil l  

impact  the resolution,  or  quality  of  th e displayed image.  The most  

common automatic  adjustment  is  the down sampling of  the  across  

track  resolution to reduce imported f i le size,  commonly  referred to 
as samples  per  ch annel.  The options available wil l  depend  on th e 
software,  but  it  is  important  that  no down sampling takes place 
during  import  as  this  results  in  a  loss  of  across  t rack resolution.  

 
Dif ferent  processing software wil l  have di fferent  workflows,  some 
with automated opt ions and some with software speci f ic processing 
features.  Regardless  of  the software and workflow,  the overarching 

process  wil l  be broadly s imilar.  Caution,  and an understanding of  the 

process  and the effect  on the data are important  when using  

automated processing  features  or those specif ic  to  individual  

manufacturers.  While some features can result  in  visually  pleasing  

images,  they have th e potential  to  reduce data qual ity ,  and th erefore 
reduce the appropriateness  for  archaeological  interpretation.  
 
The three main elements to  data processing  that  should be 

undertaken pr ior  to  interpretat ion  are as fol lows:  

Navigation 

Navigation processing ensures  that  data are posit ioned correctly,  

both relat ively and absolutely.  Whilst  exported navigation data can 

be imported into most  processing  software,  navigation data are  most 
commonly  contained within th e sidescan sonar  data and processed 

as a whole.   
 

Navigation data consists  of  a  posit ion and t ime relat ing to each ping 
of  sidescan sonar  data.  Recorded posit ions are af fected by GNSS 

inaccuracies,  as  well  as the heave,  pitch,  and rol l  of  the vessel ,  which 
won’t  be translated to changes in  posit ion of  the tow f ish.  Hence th e 

navigation data should be smoothed to provide a  more accurate tow 
f ish  track.  The amount of  smoothing required wil l  depend  on the 
quality  of  the navigat ion data,  and th e impact of  factors  discussed 

above.  Smoothing is  typical ly  underta ken on import  and the 

aggressiveness  of  the smoothing is  altered by def ining  the number  of  

pings between which  smoothing is  calculated.  The number  of  pings 
should be kept  as low as possible  to  reduce the creation of  art i f icia l  

tow f ish  tracks.  
 

Fol lowing import ,  th e navigation data should be v iewed and 

assessed for  erroneous data points,  which should be removed. The 
removal  of  erroneous data points  wil l  result  in the interpolat ion of  
the navigation between last  and f i rst  ‘good’ points .  D epending  upon 
the number of  erroneous points  there is  th e potential  for  th e 

interpolat ion to create an art i f icial  tow f ish t rack .  

 

Whilst  less common on large scale surveys which typical ly  use USBL,  

(and thus have corrected tow f ish posit ions )  should it  be required ,  

layback (or cable out) ,  and tow point  offsets  should be appl ied to 
each  l ine of  data and the result ing navigation corrected f i les  
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assessed as  per  the quality  control  process.  Wherever  possible 
navigation accuracy should be assessed again in mult ibeam 

bathymetry  data.  

Bottom tracking 

Bottom tracking is  fundamental  to  the effect ive,  and accurate,  

processing  and interpretation of  s idescan sonar  data .  This  process  
ident if ies  the f irst  acoustic  return,  and thus the separat ion of  the 
edge of  the ensoni f ied seabed and the water  column.  Accurate 
bottom tracking results in an accurate tow f ish alt itude,  and thus 

more accurate georeferencing.  It  also forms the basel ine from which 

gain and other correct ions are applied and should be undertaken 
prior to th e applicat ion of  other  processing .  Bottom tracking can be 
recorded in  real  t ime during  acquisit ion  or applied during  processing 

–  often bottom tracking recorded during  acquisit ion wil l  require  a  

certain  degree of  re - interpretat ion.   
 

The processing of  bottom tracking can be undertaken manually 
where the f irst  acoustic return is  identif ied and recorded along each 
l ine of  data.  However ,  most  processing software can  automate th e 

process  based on a  range of  user  adjustable parameters ,  the 
accuracy of  which is  dependent  on the  quali ty of  th e data .  With data 
from marine developments  often being measured in  1,000’s  of  l ine 

kilometres ,  th e automation of  bottom tracking (with ongoing 

monitor ing during  interpretation )  is  the default  option of  mos t  

commercial  projects .  

Gains and geometric processing 

Raw sidescan sonar data display  a  marked di fference in intensity 
between the f i rst  acoustic  return and the far  extents  of  th e range ,  
predominantly caused by signal  attenuation and th e non -l inear  

effect  of  the signal .  Th e options for  normalis ing the image vary  

between processing  software and the appropriateness  of  dif ferent  

processes wil l  often depend on the data.  Th e most common 
processes,  and th e order  in  which  they are applied,  across  most  

processing  software are :  

◼  Beam Angle Correction (BAC)  –  with  the application of  BAC,  the 

software attempts to compensate for  the effects  of  increased 
attenuation with range.  

◼  Time Varying G ain  (TVG)  –  the appl icat ion of  TVG  al lows for  the 

greater  application of  gain at  th e outer  extents of  the range,  and a 

lesser applicat ion of  gain closer  to th e tow f ish as required to 
normalise the image.  TVG is  often based on a non -l inear  graph,  or  
curve,  which  in  its  most  basic form is user adjustable.  I t  should be 
noted that  TVG  adjustments  required may al ter  along each l ine of  

data which  can have an impact  to th e overal l  presentat ion of  th e 
data.  Most  software wi l l  have an option for the automatic  
calculation and application of  TVG along each l ine of  data.  

◼  Speed correct ion  –  the appl ication of  speed correction uses the 

recorded speed on the tow f ish (th e survey speed),  and the range,  

to present  an image that  maintains a 1:1  rat io along and across  
track.  
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◼  Slant  range correction  –  the appl ication of  slant  range correction is  
intended to adjust  the geometry of  the data ,  so that  across t rack  

distances are more accurate.  When the process is  appl ied th ere is  a 

noticeable di f ference to the presentation of  the data in  that  th e 

water  column disappears  and the port  and starboard channels 
al ign.  

 
Most  processing  software wi l l  have an opt ion for  normalis ing  the 

data based on a  range of  user  adjustable parameters ,  not  only  across  
track  but along track and across the whole dataset ,  result ing  in a 
largely standardised image.  Th ese automated processes often 
replace th e need for other correction processes.  The impact  to  data 

quality  when using automated processing  sh ould be assessed as 

there is  th e potential  for  degradation of  th e pres ented intensit ies  

masking changes in  seabed composit ion.  

 

Caution should be exercised wh en using  various processing tools and 
f i l ters  that  are available within  most  processing software.  Whilst  th e 
use of  such f i l ters  can produce visually  pleasing images,  the 
incorrect  use can cause degradat ion of  image quality  an d affect  th e 

appropriateness  of  the data  for  archaeological  interpretation.  

Processed outputs 

The culminat ion of  data processing  is  th e output of  del iverables  in  

relat ion to the Method Statement  ( Section 10) ,  f rom which  

interpretation can be undertaken.  Th e workf low for  the production of  

outputs wil l  vary depending on the processing  software but  al l  
industry standard software should h ave the fol lowing options.  To 

note,  not  al l  may be useful  or  appl icable to  the project  but  are 

included h ere for completeness :  

Mosaic 

A sidescan sonar mosaic is  the combinat ion of  th e l ines  of  data 
contained within th e project  into a single image.  Th e production of  a  
high-quality mosaic  is  dependent on high  quality  data processing to 

ensure a  normalised image,  with  each l ine of  data posit ioned 

correctly .  The process of  creat ing a mosaic  is  a  straightforward 

process,  however  adjustments  wil l  general ly  need to be made to 
optimise the presentat ion and the f inal  output.  

◼  Lines of  data used  –  the aim during  the production of  th e mosaic  is  
to present  the data in  as clear  a  way as  possible wh ilst  ensuring al l  

the seabed is  covered.  Depending on th e l ine spacing of  the survey ,  

i t  may not  a lways be appropriate to  include al l  l ines of  data within  
the mosaic.  More l ines  create areas of  overlap which can obscure 
the data or  produce distracting  seams. Wh en choosing l ines of  data 
enough should be ch osen to provide 100% coverage,  including 

overlapping th e water column.  Priority  should  be given to using th e 

best  quality l ines.  

◼  Line order  –  fol lowing the selection of  the l ine data making up the 

mosaic,  the l ine order should be adjusted to bring to th e front th e 

l ines that  have th e clearest  image,  or  data showing th e features  of  
interest  most  clearly.  The ef fects  of  acoustic  shadow and the 
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decrease of  resolution with range are l ikely to be th e predominant 
factors  to  consider.  The data should be ordered in  such  a  way as  to  

cover  the water  column across  the extents  of  the mosaic  wh ere th e 

data coverage al lows.  Where a  s ingle  l ine of  data is  spl it  into 

several  f i les  due to length or  f i le  s ize ,  these should be displayed on 
the same level .  Most  processing  software wil l  create the mosaic 
based on th e order  in  which the f i les  were imported,  or  the order  in 
the f i le  tree.  Adjustments to  l ine order  ar e typical ly  achieved by 

moving th e l ine up and down th e f i le t ree.  
◼  Mosaic overlap meth od  –  the default  option for  the creation of  a  

mosaic is  typical ly  to  overlap the data,  and whilst  not  always the 
most v isually  pleasing  option this  wil l  g ive th e best  representation 

of  th e data as no adjustments  are made.  Oth er  opt ions wil l  

combine,  or al low  the visual isat ion of ,  mult iple  l ines  of  data.  Two 

main issues arise with  relat ion to archaeological  interpretation 

unless the posit ional  accuracy and data qual i ty is  exceptional .  

First ly,  features  on the seabed can become blurred .  Secondly,  the 
mosaic can display  the same feature in  mult iple  posit ions ,  
part icularly with smaller  features  and wh ere errors exceed 1 .0  –  2 .0  
m. Th e three primary  methods of  mosaic  production are detailed 

below, and whilst  over lapping the data is  general ly  the most  

appropriate method,  experimentation with other methods may be 
beneficial .  

◼  Overlap  –  somet imes referred to as coverup .  The data are  
presented in  a  specif ied order,  the top most l ines obscuring  the 

l ines beneath th em.  

◼  Transparency –  sometime referred to as  shine through . The 

transparency of  the data is  adjusted so th at  the bottom most l ines  
are visible  through th e l ines  above them, usually th e t ransparency 
can be adjusted to create the desired effect .  This  option has the 

most potent ial  for  displaying  a  feature in  mult iple  p osit ions where 
there may be small  di f ferences in posit ion.  

◼  Average –  di f ferent  options can exist  for  how the average is  
calculated,  but  effectively  the software wil l  create an average value 

for  each  overlying  pixel  and display  this  value.  This option creates  
very  normalised looking images and can be effective wh en 

assessing  a  wide area for  features such as  seabed sediment  

composit ion,  or geological  features.  However,  th e averaging of  

values wil l  result  in th e loss of  detail  and can,  in some instances 

where there may be small  di f ferences in posit ions ,  result  in  feat ures  
no longer being visible.  

◼  Water column removal  –  this  sett ing  can typical ly  be used with  al l  
three methods above and removes th e area of  th e water  column 

(and thus no data)  from the mosaic ,  al lowing the visual isation of  
this section of  the data below.  

Export options 

Following completion ,  the mosaic  wil l  need to be exported for  use 

within GIS  software  or  presentation in the survey report  ( Section 14) .  

Commonly this  wil l  be in the form of a georeferenced .t i f f  f i le  

(preferred) ,  but  options are general ly  available for other  image 

formats or  .pdf .  Consideration must  be given to the intended use of  
the mosaic,  and the required resolution ,  as the higher th e resolution 
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the larger th e f i le size .  When dealing  with  large areas .  f i le  sizes can 
be signi f icant  and sometimes beyond the l imits of  al l  but  th e fastest  

computers.  To minimise the creation of  unnecessar i ly  large f i les,  the 

resolution of  the output should not  exceed the maximum resolution 

of  th e input  data.  The export  reso lution is  typical ly  defined in  pixels 
per  meter  (ppm),  for  example 10 ppm would equate to a 0 .1  m 
resolution and 1 .0  ppm would equate to  a  1 .0 m resolution.  For  
general  use between 2 .0 ppm and 4 .0  ppm (0 .5 m and 0 .25  m 

resolution)  provides a good balance between resolution and f i le size.  
Where the result ing f i le size of  the mosaic  would be unmanageable,  
options exist  to  export  the image in blocks,  known as  t i les .  

Processed lines 

Following the complet ion of  processing  and the creation of  the 

mosaic,  the processed l ines  can be exported.  Lines sh ould be 

exported as  .xt f  f i les  and clearly  identi f ied as  processed data.  
 

Processed l ines can also be exported individually as  images in  a  
similar  manner to th e mosaic.  Alth ough there is  general ly  l i t t le 
requirement to export  l ine images for  archaeological  assessment,  the 

smaller  image size al lows for  the images to  be exported a t  higher 
resolution and wil l  display  the whole of  the track  without  being 
obscured by overlapping l ines.   

Tracklines 

Trackl ines  of  the tow f ish and/or th e vessel  can be exported to  a  GIS 

to sh ow th e extents of  the survey,  measure l ine spacing,  and 
compare the actual  survey with the planned survey.  Trackl ines 

should be exported as  industry standar d .shp f i les.  
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5 Multibeam  

bathymetry 
Multibeam bathymetry (often abbreviated to MBES after the 

multibeam echosounder) uses sound waves to create three-
dimensional imagery of the seabed. One of the primary uses is the 

plotting of water depths and the production of topographic nautical 

charts for the safe navigation of vessels at sea. The process of 
identifying water depths is centuries old. Traditionally vessels used a 

heavy weight (known as a sounding lead) attached to a long rope 

which was thrown overboard, with the depth measured on the rope 

when the weight hit the bottom.  

The early 20th Century saw the development of the first 

echosounders which used soundwaves, and the measurement of the 

travel time between the source, the seabed, and the receiver, to 

measure depth.  

Technological developments in the 1960’s and 1970’s led to the 

development of the multibeam echosounder. Continued 
development of the technology has resulted in the production of 

smaller, cheaper systems capable of recording over 1,000 soundings 

at a time, over a wider swathe and at significantly higher resolutions. 

Uses 

The primary  use of  mult ibeam bathymetry  is  the topographic  

chart ing  of  th e seabed and the product ion of  charts  for  the safe 
navigation of  vessels.  As  resolution and accuracy has increased,  and 
costs and s ize of  the equipment  have decreased, th e applicat ion of  
mult ibeam bathymetry  has broadened to include regular  use for :  

◼  archaeological  assessment  
◼  targeted archaeological  surveys   
◼  assessment  for  features relat ing  to the palaeolandscape  

◼  the high resolution survey of  arch aeological  features  including 

shipwrecks  
◼  assessment  of  seabed dynamics  in  relat ion to the stabil ity  and 

threat  to  the archaeological  resource  
◼  year on year  bathymetric  changes,  and  

◼  wide area surveys  to  identi fy  locations of  potential  archaeological  

material  

 

The result ing  data can also be used to create accurate georeferenced 
site  plans,  plan furth er works  in  relat ion to working depths and areas 

of  potential ,  and provide basemaps when using acoust ic  tracking to 
monitor  the posit ion of  d ivers  or remotely  operated vehicles  (ROVs) .  
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Due to the visually  impressive possibil it ies available when 
processing  data,  i t  i s  a  very  valuable tool  for  public  engagement.  

 

Mult ibeam bathymetry  is  often a core technique of  surveys  

undertaken in  advance of  construction activ it ies,  and is  the 
predominant  technique employed during  Operat ions and 
Maintenance phases for asset  integr ity  surveys.  
 

The most  common instal lat ion of  a  mult ibeam echosounder is  f ixed 
to a  vessel ,  with known offsets between the GNSS antennas and th e 
motion sensors .  As such,  and with proper cal ibrations,  th e posit ional  
accuracy of  features  on the seabed is  considered to be extremely 

accurate.  

How it works 

The term mult ibeam echosounder relates to the use of  mult iple 

acoustic  pulses to create soundings (measurements  of  depth ) .  
Simplif ied,  a number  of  acoustic  pulses,  or  beams, arranged in a fan 

shape are emitted from a t ransmitter towards th e seabed.  The travel  
t ime of  the pulse from the transmitter to th e seabed and back to th e 
receiver is  recorded and the depth calculated.  M ost  commonly  the 
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mult ibeam ech osounder  is  mounted on a  vessel ,  they can be 
mounted on Remotely Operated Vehicles (ROVs) ,  Autonomous 

Underwater  Vehicles  (AUVs) ,  and in some instances towed devices.  

 

The fundamental  pr inciples of  both  singlebeam and mult ibeam 
echosounders  are th e same in  terms of  acoustic  propert ies  and th e 
resultant  data and fol low the principles  of  acoustics  discussed at  the 
beginning of  this  chapter.  In it ial ly  i t  is  important to  understand the 

process  by  which  a  s inglebeam echosounder  col lects  data.  Th is  can 
then be applied to the mult ibeam echosounder .  

◼  An acoustic pulse is  emitted from a transducer vert ical ly  towards 
the seabed . The pulse is  reflected when it  hits the bottom and th e 

return recorded by the transducer .  The t ime taken for th e pulse 

from transmit  to  receive is  known as  the Two Way Travel  T ime 

(TWTT).  This t ime can then be used to calculate the depth using th e 

sound velocity  ( speed of  sound)  through  water  (approximately  

1,500 m/s in  saltwater)  using  the fol lowing equation:  

 
Depth =  (sound velocity x t ime)  /  2  

 

◼  The depth  is  then recorded in relat ion to the GNSS posit ion 

result ing in an x,  y  and z  coordinate,  where x  and y  relate to th e 
posit ion,  and z  th e depth.  Mult iple  readings are c ombined  to  create 

a three-dimensional  point  cloud. In  addit ion,  the st rength,  or  the 
intensity ,  of  the return is  recorded, and can be v isual ised as 

backscatter  in  much the same way as  s idescan sonar data,  although 
there are l imitations which wil l  be discussed further  below .  

 
Whilst  a  fai r ly  straight  forward concept ,  th ere are other  factors  to  

consider  which  are relevant  to  data resolution and quality .  
The acoustic pulse does not  travel  in  a  vert ical  column but spreads 
out as it  t ravels  away f rom the transducer ,  creating  a  cone shape and 
result ing in a ci rcular ‘beam footprint ’  on the seabed.  
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◼  The f i rst  seabed return in  the beam footprint  is  the depth that  is  
recorded, th erefore th e smaller  the beam footprint ,  th e high er  the 

target  resolution and greater  the abil ity  to  dist inguish between 

smaller  features  or  changes in topography.  

◼  The beam angle (beam width)  defines  the inside angle of  the cone,  
and th erefore the beam footprint :  the higher the f requency the 
smaller  th e beam width that  can be achieved,  and thus the higher 
the target  resolution.  Whilst  i t  varies  between manufacturers beam 

widths are often around 10° .  The depth of  water  wil l  alter  the beam 
footprint  due to the sprea ding nature of  the acoustic  pulse.  The 
deeper th e water,  the larger th e beam footpr int ,  and th e lower  the 
target  resolution.  

◼  The number  of  readings that  are recorded over  a  given t ime period 

are known as  the ping  rate and is  expressed in Hertz  (Hz)  (or  cycles  

per  second. Whilst  th e ping  rate wil l  vary  with the speci f ication of  

the system typical ly  it  wil l  range between 1  Hz and 20 Hz.  Th e ef fect  

of  ping  rate is  important to  understand as  it  effec ts  data density  
along the t rack of  the echosounder .  For  example,  at  a  typical  survey  
speed of  four  knots (approximately  two metres  per  second) and a  
ping rate of  1  Hz,  the along t rack  dis tance between depth records 

would be 2 m. Not ing also that  depths are only recorded below th e 

transducer,  and therefore the horizontal  measurement between 
depth records wil l  depend  on the survey l ine spacing.  

 
Mult ibeam bathymetry  fol lows th e same principle,  however,  the 

single t ransducer  both  transmitt ing  and receiving  a  single  pulse is  
replaced with a t ransmitter  array  and a receiving  array.  Th e 

transmitter  and receiver  array  produces a number of  beams in  a  fan 
shape perpendicula r to the direction of  travel .  The transmit  and 
receive angle of  each beam is  known,  and th erefore using TWTT,  the 

sound velocity,  and th e angle,  th e depth  can be calculated at  a  
posit ion not  directly  below the vessel .  Each beam records a  depth 

posit ion s im ultaneously ,  result ing  in  a  number  of  depth  records 
extending across th e fan shaped array.  
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Options exist  on most mult ibeam ech osounders  that  can alter  th e 
distr ibution of  th e depth records.  

◼  Swathe angle  –  the angle between the outermost port  and 

starboard beams. The greater  the angle the wider th e swath e (or  

survey width)  but  the greater  the distance between depth records 
( lower  data density)  and the lower the resolution across th e swath e 
width and at  th e outmost beams.  Swath e angles  are usually user 
selectable and can typical ly  range from 10°  to 170°.  Consideration 

should be given to th e required data density ,  noting that  reducing 
the swathe angle excessively  so that  the beam footprints  overl ap 
may not increase resolution.  

◼  Swathe steering  -  most  survey grade Mult ibeam Sonars have the 

abil ity  to  not  only  adjust  the swathe angle,  but  also th e direct ion of  

the swathe.  Whilst  for  general  survey  this is  not  recommended it  

can have advantages when surveying along vert ical  faces  such a 

quay walls ,  or  the s ides of  shipwrecks.  This  feature can be 

automated to compensate for  rol l  in  the vessel  maintaining  a  
continuous swath e h eading.  

◼  Bottom sampl ing  method  –  two primary  sett ings  determine the 
spread of  depth  readings across th e swath e and relate to  the angle 

of  th e beams.  

Equi  Angle  –  al l  beams in  the array  maintain  an equal  angle,  
due to th e greater distance th e outer  beams have to t ravel  this  

has the ef fect  of  greater  data density  towards the centre of  th e 
swathe,  deceasing towards the outer  extents .  

Equi  Distant  –  a l l  data points  maintain  an equal  distance f rom 
each  oth er  across  the swathe.  The sett ing  assumes a  relat ively 

f lat  seabed and is  not  suitable for  surveying vert ical  faces  and 
the use is  often l imited by  the swathe angle.  

◼  Ping rate  –  l ike singlebeam echosounders  the ping  rate is  measured 

in Hz,  with a high er  ping rate increasing  the along track data 
density.  Ping  rate wil l  be governed to some degree by  water  depth  

and th erefore the range as  applicable to  the outermost beams,  
however  manufacture speci f ications can  exceed 50 Hz.  A  ping  rate 

of  30  Hz,  with  a  survey speed of  4  knots,  wil l  equate to an along 
track  distance between depth records of  approximately  0.07 m. 

Combining a  narrow swathe angle and a  high ping  rate can resu lt  in 

a centimetr ic  data density.  

◼  Number of  beams  –  the number  of  beams within the swathe wil l  

vary  between manufacturers,  and therefore the number of  
soundings.  Th e t radit ional  number  of  beams is  256,  however  a  

number of  manufacturers  have implemented hardware and software 
solutions to  increase the numb er of  soundings to  1024.  When 

reviewing speci f ications,  i t  is  important  to  understand wh ether  the 
stated number  of  soundings are true soundings or  interpolated.  

◼  Beam width  –  L ike singlebeam echosounders the beam width wil l  

inf luence th e beam footprint .  H owever,  the beam widths are 
typical ly  much smaller  with mult ibeam echosounders,  increasing  

the resolution of  each sounding.  Unlike the s inglebeam 

echosounder ,  beam widths are measured both along track  and 
across t rack  (which are not always equal )  creating  an ov al  beam 
footprint .  The majority of  mult ibeam  echosounders have beam 
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widths of  sub 1°  x  1°  at  f requencies of  around 400 kHz,  decreasing 
signi f icantly  at  f requencies  around 700 kHz.  

Resolution 

The assessment of  mult ibeam echosounder  resolution is  determined 
by a  number of  both  technical  and operational  factors.  Simply  put ,  
the higher th e resolution,  the clearer  and more detailed the result ing 

image wil l  be.  General ly,  th e high er  the f requency,  and the smaller  
the beam footprint  and the shorter th e pulse width,  the greater  the 
resolution,  but  also th e greater th e attenuat ion so the shorter the 
range.  The two areas that  should be considered when assessing  th e 

suitabil ity  of  a  system are,  range reso lut ion and target  resolution.  

◼  Range resolution  is  th e abil ity  of  the system to resolve two separate 

features that  l ie  perpendicular to th e t ransducer ,  but  at  di f ferent  

ranges.  Range resolution is  determined by th e pulse length and the 
bandwidth ,  which are inversely  proport ion to each  oth er.  Th e 

shorter  the pulse width,  the smaller  the distance between two 
objects  that  can be resolved.  

◼  Target  detect ion resolution  is  the abil ity  of  the system to 

accurately determine the depth of  a  s ingle  posit ion on the seabed,  

and is  di rectly  related to the beam width,  and thus the beam angle.  

 
Survey speed, ping rate,  and swathe angle also play  an important 

part  in  the result ing  data resolution.  Th e more individual  soundings 

col lected over  a  feature (data density) ,  the more accurate the 
representation of  that  feature wil l  be ,  or  th e abil ity  to  ensonify a 

feature .  Caution should be exercised during  survey planning,  as  th e 
col lection of  mult iple l ines of  data over a single feature may increase 

the overal l  data density ,  but  can compound errors in posit ioning,  
both through th e l imitations of  the mult ibeam echosounder and the 
posit ioning system ( Section 3) .  Data density  wil l  d irectly affect  the 

resolution of  the processed data  outputs.  
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Ancillary equipment 

The collect ion of  high  quality,  and accurate,  mult ibeam b athymetry  
data requires  data col lected by  a  number  of  other  external  sensors .  

Sound velocity profiler and sound velocity sensor 

The calculation of  accurate depths is  based on the TWTT of  an 
acoustic  pulse through the water column and is  calculated by 
knowing the sound velocity .  Whilst  for  other techniques such as  

singlebeam echosounders and sidescan sonar an approximation 

based on th e sal inity  of  the water  ( i .e .  fresh  or salt  water)  can 
general ly  be used,  with mult ibeam bathymetry even small  changes in 
the sound velocity can have a  detr imental  impact  to  the result ing  
data and result  in  art i f icia l  measurements  of  depth.  The ef fect  wi l l  be 

exaggerated both with depth,  and at  the outer  extents  of  the swathe 
as th e TWTT increases .  A high er  sound velocity wil l  result  in a f lat  

seabed appearing  to curve upwards,  and a  lower  sound velocity wil l  
result  in  a  f lat  seabed appearing to curve downwards.  

 
 
Sound velocity changes through the water  column and hence data 

must be cal ibrated accordingly .  To achieve this a Sound Velocity  

Profi ler  (SVP)  is  lowered slowly  to  the seabed . The SVP wil l  record 
the sound velocity and depth at  intervals  and the resultant  values 

are  applied to the data.  Prof i les should be col lected both  pre and 
post  survey,  and at  intervals  throughout.  Th e intervals  wil l  depend  

on the environmental  condit ions where there are notable changes 

such as  freshwater out lets,  increases in  surface w ater  temperature,  

changes in depth,  or  after  moving to a new area.  
 
In addit ion,  a  Sound Velocity  Sensor (SVS)  continuously measuring 

sound velocity  at  th e same depth  as th e mult ibeam echosounder  is  
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general ly  deployed with the values imported into th e acquisit ion 
software in real  t ime.  

Tidal corrections 

Depths are calculated as distances from the mult ibeam ech osounder  
to the seabed and are directly  related to the surface of  the 

waterbody on which the survey is  being undertaken .  Th erefore,  the 
effect  of  r ising  and fal l ing t ides needs to be accounted for.  Th e 
greater  the t idal  range ,  the greater  offset  there wil l  be in th e data 
both between th e start  and end of  a  l ine and between adjacent l ines.  

The most  common methods for t idal  corrections are the use of  t ide 

gauges deployed at ,  or  close to,  the survey si te  and permanent 
gauges which can be located in  ports  and harbours  and th e use of  
RTK height  correct ions ( Section 3) .  Tide gauges record t ime and 

pressure with pressure increases indicating  a  r ising  t ide and pressure 

decreases a  fal l ing  t ide.  The result ing data are  then applied to th e 
mult ibeam bathymetry  data.  RTK corrections ,  where available,  

negate th e need for a t ide gauge with height  corrections either  
applied to the data in  real  t ime,  or logged and applied during  
processing .  
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GNSS and motion sensors 

GNSS and motion sensors  are detailed in  Section 3,  however th e 

importance is  highl igh ted h ere due to the detrimental  impact  poor  
posit ioning and motion data have on data.  With the mult ibeam 
echosounder  typical ly  f ixed to a  vessel  the posit ion  of  depth 

measurements  wil l  depend  on the posit ion and the motion,  of  th e 
vessel .  I f  the three -dimensional  orientation of  th e vessel  is  not  
applied to the data,  both the posit ion and depth recorded wil l  be 
incorrect .   

 

 
 
The relat ive accuracy of  data points  between adjacent  l ines  of  data 

is  cr it ical  to producing a  high quality  output .  Due to th e signif icant  
volume of  data points that  can be col lected over a small  area of  
seabed, and the way in which  the data are presented,  the relat ive 

accuracy of  data points between adjacent  l ines  of  data is  crit ical  to  
producing a  high  qual i ty output.  Th erefore,  typical  GNSS and even 

DGNSS accuracies are often not suitable,  and wherever  possible 
GNSS corrections (either  RTK or  PPP)  should be used.   

Limitations 

Within the marine construction industry  mult ibeam bathymetry  data 

are routinely  col lected and available for  arch aeological  assessment .  
However ,  this is  not  th e case  for  many  amateur groups and marine 
archaeological  organisations as  the cost  of  owning th e equipment  is  

largely prohibit ive,  with costs  for  even a  basic system being in the 
tens of  thousands,  and costs for  survey grade equipment  being in the 
hundreds of  thousands.  Hire costs  are s igni f icantly  more expensive 
than other  geophysical  equipment .  Anoth er  l imit ing factor  is  the 

training and experience required to mobil ise,  cal ibrate,  and operate 

the equipment which is  a  great  deal  more complex than with  other 
geophysical  equipment.  
 

When considering  a  m ult ibeam bathymetry  survey,  th e fol lowing  

l imitations should be noted :  
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Mobilisation 

The mobil isat ion of  a  vessel  with  a  mult ibeam echosounder is  

complex,  part icularly  on vessels  of  opportunity (vessels  that  are not 
exclusively survey vessels) .  Th e quality of  the instal lat ion wil l  have a 
direct  bearing  on th e quality  of  the data and permanent  instal lat ions 

are l ikely  to  y ield  better  results .  Instal lat ions wil l  require th e 
mult ibeam sonar  transducer ,  the GNSS antennas,  and mot ion sensors  
to be f ixed in relat ion to each  oth er  with of fsets  precisely  known . 
Bespoke mounts  or  modif ications to th e vessel  may be required to 

accommodate th e equipment.  This  may preclude th e use of  smaller  

vessels such  as  r igid  inflatable boats (RIBs) .   
 
Where equipment is  mobil ised onto a  vessel  of  opportunity ,  

considerat ion should be g iven to the addit ional  t ime  required to 

undertake the survey.  The mobil isat ion t ime may mean that  the 
survey of  a  s ingle  site  scheduled to take a  few hours,  may require  

several  hours  or days  overal l .  

Minimum object detection size 

The minimum object  detection size wil l  depend on several  factors  
including the speci f ication of  the system used ( f requency,  beam 

width,  pulse width,  etc.) ,  and the data density ( itsel f  related to depth 

of  water,  vessel  speed,  and swathe angle ) .  In  general ,  t he greater  th e 

data density  usually  the smaller  th e minimum object  detection size.    

Weather 

Multibeam bathymetry  is  very suscept ible  to  the effects  of  weather,  

typical ly  more so than with towed equipment ,  as th e motion of  th e 
vessel  is  t ransmitted to  the equipment.  The rol l  of  the vessel  wi l l  

produce data that  move in a  zigzag across  track to port  and 

starboard and pitching of  the vessel  wil l  produce data that  is  

compressed and stretched along track.  Th ese can be corrected with  
automated compensat ion of  the beam dire ct ion,  but  excessive 
movement  wil l  result  in data that  do not meet  th e speci f icati ons of  

the survey in regards data density  and overlap.  

Acoustic shadow 

The ef fect  of  acoustic  shadow is less  marked than with sidescan 

sonar due to the acoustic  source being directly above the seabed. 
Features,  especial ly  th ose which are upstanding,  ensoni f ied f rom one 
direction wil l  have areas of  no data along th e side furthest  from th e 
acoustic  source.  Unlike sidescan  sonar,  which displays th e shadow,  

acoustic  shadow in  m ult ibeam bathymetry  wil l  result  in no depth  

readings within th e area.  

Survey planning 

I t  sh ould be noted that  unl ike the oth er  tech niques discussed within 

this guidance,  there are international  standards for  hydrographic  

surveys  produced by the International  Hydrographic  Organization 
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( IHO) (Document S -44 –  Standards for  Hydrographic  Surveys 2) ,  the 
data specif ications for  which  are re -produced below  (correct  as of  

2024) .  Whilst  the aim of th e standards is  to  harmonise the data used 

in the production of  h ydrographic charts and the safe navigation of  

vessels,  they  provide a  good reference point  when planning surveys  
for  archaeological  purposes.  
 

Criter ia  Order  2  Order  1b Order  1a Special  
Order  

Exclusive Order  

Area 

description  
(general ly)  

Areas where a 

general  

descr iption of  

the sea f loor  is  

considered 

adequate  

Areas where 

underkeel  

c learance is  
not considered 

to be an issue 

for  the type of  
surface 

shipping 

expected to 

transi t  the 

area.  

Areas where 

underkeel  

c learance is  

considered 

to be cr it ical  

but features  

of  concern 

to surface 
shipping 

may exist .  

Areas 

where 

underkeel  
c learance 

is  cr it ical .  

Areas where 
there  is  str ict  

minimum 

underkeel  
c learance and 

manoeuvrabil i ty  

cr iter ia .  

Depth THU * 
{m]  

+ 
[% of  depth]  

20 m  

+ 
10% of  depth  

5 m 

+ 
5% of  depth  

5 m 

+ 
5% of  depth  

2 m 1 m 

Depth TVU ** 

(a)  [m]  and 

[b]  

a  =  1.0 m  

b = 0.023  

a = 0.5 m  

b = 0.013  

a = 0.5 m  

b = 0.013  

a = 0.25 m  

b = 0.0075  

a = 0.15 m  

b = 0.0075  

Feature  
detection 

[m]  or  [% of  
depth]  

Not specif ied  Not specif ied  

Cubic  

features  > 

2  m, in  
depths down 

to 40 m; 10% 
of  depth 

beyond 40 m 

Cubic  
features  >  

1  m 

Cubic  features  >  

0 .5  m  

Feature  

search {%} 

Recommended  

but not 
required 

Recommended  

but not 
required 

100%  100%  200%  

Bathymetr ic  

coverage {%] 
5% 5% ≤ 100%  100%  200%  

* Total  Horizontal  Uncertainty  
**  Total  Vert ical  Uncertainty  

 

Whilst  survey planning is  covered in  Section 12,  the fol lowing should 
be considered dur ing the survey planning process  to  ensure opt imal  
quality  of  data.  

Equipment selection 

The equipment  selected should be based on the abil ity  to  meet  the 

objectives  of  th e survey.  Select ion should take into consideration :  

 
2 IHO 2020 Standards for Hydrographic Surveys Document S-44. https://iho.int/uploads/user/pubs/standards/s-44/S-

44_Edition_6.1.0.pdf 

https://iho.int/uploads/user/pubs/standards/s-44/S-44_Edition_6.1.0.pdf
https://iho.int/uploads/user/pubs/standards/s-44/S-44_Edition_6.1.0.pdf
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◼  Frequency -  in general  terms the h igher  the f requency th e high er  
the resolution,  and the smaller  the minimum object  detection  size 

and more detail  obtainable,  but  the shallower  the depth that  can 

be surveyed.  Data for  archaeological  assessment wil l  general ly  be 

high frequency (350 –  450 kHz) ,  although for  high detail  wreck  
surveys  a  very  high frequency (700 –  800kHz should be considered .  
Systems that  offer  this  wil l  usually  h ave user  selectable 
frequencies.  

◼  Equipment  specif ications -  Frequency wil l  general ly  be a good 
measure of  the expected data resolution .  Considerat ion should also 
be g iven to ping rate,  the number of  beams  (both real  and software 
based),  and the beam angle.  Specif ications wil l  d if fer  across  

manufactures and the intended use  of  the system .  

Line planning 

Survey l ine spacing sh ould be planned to meet th e objectives  of  the 
survey (Sect ion 12) .  The predominant factors  are data density  and 

coverage,  both  swathe width  and over lap.  At  a constant swath e 
angle ,  the swathe width on the seabed increase s  with depth  due to 
the angle of  the beams and this  should be considered when planning 

survey l ines.  Whilst  deeper water  wil l  give greater  seabed coverage 
on a  single l ine for  a  g iven swathe angle ,  the data density  wil l  be 
reduced.  

 

For general  l ine planning purposes,  a swath e angle of  120°  equates  

to a  seabed coverage of  3.5  t imes the water  depth,  and therefore 
l ines can be planned at  three t imes water depth to  achieve 100% 

coverage,  or 1.5  t imes water  depth  to achieve 200% coverage (should 
the specif ication require  it ) .  Th e l ine spacing provides  contingency 

for  errors in l ine navigation and changes in  seabed topography 
alter ing th e swath e coverage.  The use of  200% coverage has 

advantages in that  not  only is  the data density increased ,  but  
features are ensoni f ied along two sides ,  reducing th e impact  of  

acoustic  shadow. S ite  speci f ic  data,  or  that  col lected speci f ical ly  for 
the visual isation of  shipwrecks,  wil l  general ly  require  more bespoke 
l ine planning.  Where possible  l ines should be planned to run :  

◼  Paral lel  to depth contours  -  Surveying paral lel  to depth  contours 

wil l  result  in more consistent  seabed coverage rather than data 

density  increasing and decreasing  with  depth of  water  ch anges .  
Operationally  this  reduce s the survey t ime as l ines can be planned 

for  a  s ingle  depth ,  rather than the shallowest  depth of  a l ine.  
Running survey l ines  paral lel  to  depth contours in shallow waters  

al lows the depth of  adjacent l ines  to  be determined, reducing the 

r isk  of  grounding the vessel .  
◼  In straight  paral lel  l ines,  with  turns being undertaken outside of  

th e survey area  -  The quality  of  the data is  dependent  on the abil ity  
of  th e survey vessel  to  maintain  straight  l ines during  data 

acquisit ion.  Data col lected dur ing a turn wil l  compress  data on the 

inside of  the turn and stretch data on the outside of  the turn.  

◼  Paral lel  with th e direction of  the current  -  To minimise th e impact 

of  cross currents on th e vessel .   

◼  At a  constant  speed -  Typical ly  c.  4 .0  knots.  In some instances,  i t  
may not be possible  for the survey vessel  to maintain  a  consistent  
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heading at  a  low speed and in this instance,  consideration should 
be g iven to running al l  l ines  into th e current  to increase steerage.  

For wreck  surveys  data sh ould be col lected at  as low a  speed as  

pract icable to  increase data density.  

 
I t  i s  good pract ise to col lect  cross  l ines perpendicular  to  the main 
survey l ines  at  intervals across th e survey area.  Cross  l ines  can help 
ident ify  errors in t idal  corrections.  

Calibration 

Equipment  cal ibration cert i f icates  should be ch ecked and confi rmed 

they are in date  prior to the commencement of  th e survey .   
 

The process  of  cal ibration for mult ibeam  bathymetry  is  beyond th e 
scope of  this guidance and is  specif ic to both the equipment  and the 

acquisit ion and posit ioning software used.  The fol lowing summary is  
provided to enable a  basic understanding of  the process  and enable 

the reader to  ensure that  correct  pro cedures have been carr ied out 
when receiving  data from third  part ies .  Errors in cal ibration,  or lack 
of  cal ibrat ion,  are general ly  vis ible  in  the output data.  

 
The system should be ful ly  mobil ised with th e survey vessel  
alongside,  the GNSS and the motion sensor  f ixed in  place,  and the 

Mult ibeam Sonar  deployed and secured in  the survey posit ion.  Th e 

spatial  relat ionships between sensors and the centre of  gravity  of  the 

vessel ,  or  offsets ,  should be measured as accurately  as  possible  
Different  of fsets  wil l  be required for  both th e acquisit ion and 

posit ioning software .  Care should be taken to ensure that  th e 
requirement s  of  th e software are  met  and the correct  +/ -  value is  

used.  Al l  systems should be turned on and al l  inputs into the 
acquisit ion software confi rmed . These are l ikel y  to include GNSS, 

motion,  SVS,  and the mult ibeam sonar  tran sducer.  
 

Two primary  system cal ibrat ion  tests  are  required for  mult ibeam 
bathymetry :  one for  th e posit ioning and motion system in relat ion to 
the offsets between th e mot ion sensor  and the GNSS antennas,  and 

one for  any offsets in  relat ion to th e mult ibeam echosounder  and the 

posit ioning system.  Cal ibration of  the posit ioning and motion system 

is typical ly  achieved by performing a range of  vessel  movements  at  
sea,  with th e software calculating  any errors in offset  measurements 

and adjust ing th em accordingly .   
 

Offset  errors  between the posit ioning and motion system and th e 

mult ibeam ech osounder  are corrected using a ser ies  of  patch tests .  
Patch tests  require  the col lection of  a  number of  l ines  of  data,  which 
are then compared  and al igned ,  and offset  correct ions calculated.  

Fol lowing the patch tests  the calculated corrections wil l  be input  

into th e acquisit ion software where they wil l  be applied to the data.  

I t  is  good pract ise to undertake patch tests prior  to  the 

commencement of  the survey ;  th ey can however  be applied 

retrospect ively.  Patch  tests  need to be undertaken every t ime any 

offsets may be altered,  even minimally .  
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Testing 

The determination of  a correct  minimum object  detection  s ize can be 

achieved through the deployment  of  an object  of  known dimensions,  
corresponding with th e required specif ication,  and at  a known 
posit ion  on the seabed. The actual  process  wil l  depend  on the survey 

parameters ,  but  the fol lowing provides an example of  a  typical  
minimum object  detection size test .   
 
For this  example,  a  swathe width of  70  m (20 m water depth)  wil l  be 

assumed.  The test  is  undertaken under  the expected survey 

condit ions,  including l ine direction and speed, and water  depth.  
 
Two l ines  of  data are col lected either side of  the object  at  a f ixed 

distance from the object  (15  m)  and in  the same direction ( e.g .  north 

to south) .  Two further  l ines of  data are col lected at  a  f ixed distance 
towards the edge of  th e range (30 m)  and in the opposite direction 

(south to north) .  The process is  then repeated with  perpendicular  
l ines ( in this example,  east  to  west  and west  to east) .  The minimum 
object  detect ion  size is  confirmed both close to th e centre of  the 

swathe where the data density is  greater  and at  the outer edges of  

the swathe where data density is  sparser.  

Survey outputs 

MBES  data are recorded dig ital ly  during  acquisit ion and  are  typical ly  
stored in  a  proprietary  database format  containing  al l  data relevant 

to the survey.  Prior  to  export ,  th e fol lowing processes should be 
undertaken where they have not  been appl ied to the data during  

data col lection :  

◼  Application of  corrected posit ion and motion data.  In  some 
instances,  these data may require  processing,  and this  should be 

undertaken pr ior  to  export  of  the result ing data .  

◼  Application of  patch test  correct ions .  

◼  Application of  t idal  corrections .  
◼  Application of  sound velocity  corrections .  

 
Corrected data  should be exported as  del ineated ASCII  x ,  y ,  z  f i les 

(where x and y  relate to the posit ion,  and z  the depth)  ( .txt ,  .csv,  .pts,  

.asc,  etc.)  referred to as a  point  cloud.  Th e data should be exported 
with each  individual  l ine as  a  separate f i le.   

 

In  addit ion,  depending  on equipment  and software,  backscatter  data 
can usually  be exported as .xt f  f i les ,  for  v iewing,  processing,  and 
interpreting  using  the same process  as  for  s idescan sonar.  Note,  
backscatter  data are  not a  suitable replacement for sidescan sonar 

data for archaeological  assessment,  as  the resolution is  defined by 
the mult ibeam bathymetry  data and does not process shadow in th e 
same way.  Survey outputs should always include metadata.  

Quality control 

Prior  to  the commencement  of  data processing,  th e data sh ould be 
subject  to a process  of  quality control .  The process should establ ish 
the qual ity  of  the data,  in relat ion to suitabil ity  for  archaeological  
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interpretation ,  and wh ether  the objectives  of  the survey have been 
met.  Whilst  data suppl ied by  a  survey contractor ,  typical ly  in  relat ion 

to marine development,  wi l l  have been through a process  of  quality  

control  i t  is  st i l l  important that  this  is  undertaken pr ior  to  any 

addit ional  processing  and interpretation.  Th e results  of  the quality  
control  assessment should be presented in the survey report  ( Section 
14) .  
 

The quality  control  process  should be ongoing .  Issues with  data may 
not become apparent unti l  the interpretation phase when each  l ine 
(or block)  of  data are  viewed individually.  The process  for  quality 
control  wil l  depend on the workflow of  the organisation undertaking 

the work,  as well  as th e software being used,  but  at  a  minimum the 

fol lowing should be considered :  

Data quality 

◼  Do the data show signs of  external  influences such as  poor  weather 

or sea state?  
◼  Do the data show signs of  incorrect ,  or  absen t,  cal ibrations,  

including offsets?  

◼  Do the data show signs of  incorrect  t idal  corrections?  
◼  Do the data show signs of  incorrect  sound velocity  values?  
◼  Do the data show signs of  interference f rom other  equipment  

including from simultaneous surveys  ( i .e .  s idescan  sonar  or sub-

bottom profi ler) ,  vessel  engines,  or  vessel  equipment  such  as ech o 

sounders?  
◼  Have the data been collected to a  specif icat ion to achieve the 

minimum object  detection  size?  In  the absence of  th e survey of  a  
test  object  of  known s ize at  varying  ranges ,  this can be achieved,  to 

a certain  degree,  through the measurement of  features,  such as  
boulders,  ident if ied within the data.  Due to the minimum object  

detection size increasing with  distance f rom the mult ibeam sonar  
this should be undertaken across th e ful l  range of  the data.  

◼  Do the data have any other  issues which  may affect  the abil ity  to  
undertake archaeological  interpretat ion ?  This can include,  but  is  
not  l imited to,  th e presence of  natural  or  geological  features  

including sandwaves,  reefs,  boulder  f ields,  etc.  that  may either  

obscure the seabed through acoust ic  shadow, or  for  example in  the 

case of  boulder f ields  obscure the p resence of  archaeological  
material  or  make interpretat ion di ff icult .  Although less  common,  

the presence of  other factors,  such as  large shoals  of  f ish  can al l  
impact  data quality  and the abil ity  to  undertake archaeological  

assessment .  

Coverage 

◼  Has th e survey achieved the required coverage,  both in  term of th e 
survey area and the coverage percentage ?  Most  commercial ly  
available and industry  standard processing software wil l  plot  th e 
data,  alongside a  shapefi le  of  the survey area  to enable an 

assessment  of  coverage .  I f  this function is  not  available ,  the data 

should be exported as  a georeferenced mosaic and assessed within  
a Geographical  Information System (GIS) .  Th e assessment of  

coverage percentage can again  be assessed within most processing 
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software,  with  the results presented graphical ly  and numerical ly.  I t  
is  important  to note th at  coverage should be assessed only  on the 

useable data fol lowing quality control .  

Processing and visualisation 

Prior  to  processing ,  a backup of  the raw,  or ‘as suppl ied’  data sh ould 
be created as  processing wil l  result  in  the removal  of  data.  Whilst  

most  processing software wi l l  retain  (or  f lag)  deleted data this is  not  
always th e case and some point  cloud edit ing software wil l  
perman ently  delete data.  
 

Navigation data processing  sh ould be appl ied pr ior to the export  of  

individual  l ines.  The processing  and v isual isation workflow detailed 

below assumes exported data are  f ree f rom offset  and navigat ion 

errors.  Whilst  i t  i s  possible  to  adjust  the posit ions of  individual  l ines  
it  is  not  good practi ce,  and whilst  relat ive posit ions may be more 

accurate,  the certainty  of  the absolute accuracy wil l  be decreased. 
The three main stages of  mult ibeam  bathymetry data processing  are 
data cleaning,  data gr idding,  and da ta visual isation.   

Data cleaning 

The collect ion of  mult ibeam bathymetry  data wil l  general ly  result  in 
the recording of  spurious data points .  These data points can be th e 

result  of  a number  of  factors  such  as:  incorrect  sonar sett ings,  

inter ference from external  sound sources such as other  equipment  

and engines,  vessel  motion,  and mobile objects  in  the water  column 
including f ish.  Data cleaning is  the process of  removing these 
spurious data points .  Caution must  be exercised with the 

differentiat ion between spurious points,  and those represe nting  
small  features .  Th is  is  especial ly  important when cleaning data 

around shipwrecks,  where points  that  may appear spur ious may 
relate to  small  features extending from the main area of  wreckage.  

 
The workflow  for  the cleaning of  the point  cloud data wil l  depend on 
the processing  software used,  but  opt ions wi l l  general ly  be available 

for  e ither  manual  or  automated cleaning.  Cleaning should  always be 
performed pr ior  to  data gr idding  as  erroneous points may af fect  th e 

averaging process :  

◼  Manual  cleaning  –  the cleaning of  data manually requires  the 
processor to review th e dataset ,  either in  two -dimensional  sl ices  or 
blocks,  or  three-dimensional  point  c louds ,  selecting points which 

are highly  l ikely  to  be spurious,  and either  delet ing th em or 

f lagging them for removal .  Manual  cleaning is  th e preferred method 
for  data col lected over  shipwreck  sites  as it  a l lows the processor  
greater  control  over  the process .  H owever,  i t  should be noted that  
this process  in  itsel f  requires  a  degree of  interpret at ion.  Over wide 

areas,  manually  cleaning data can be very t ime consuming,  and 

depending  on the requirements  of  th e survey may not  be 

proportional .  A precautionary approach should always be used and 

data retained i f  the origin is  uncertain.  

◼  Automated cleaning  –  the process  of  automated cleaning uses a  
stat ist ical  approach to identi fy  data points  that  are l ikely  to  be 
spurious,  based on th e posit ion and distance from oth er  points.  
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The tolerances can be adjusted by  the user result ing  in  a  more,  or  
less,  aggressive process.  Over  large areas where the objective is  the 

mapping of  topograph y or th e identif icat ion of  larger  seabed 

features (such as  shipwrecks or  large items of  debris) ,  an  

automated cleaning process  can be acceptable.  However,  the 
original  dataset  should be retained,  and wh ere required (such  as  
the assessment  of  a smaller  feature within  the wider area)  the data 
cleaned manually  as  a  separate dataset.  Automated data cleaning  

should aim to achieve the desire d results  using the least  aggressive 
sett ings and wil l  require  continued assessment of  the data to  
ensure real  data are not being removed.  

 

For both methods it  is  crit ical  that  the data are  not  overcleaned as  

this wil l  result  in a loss of  real  data .  I t  can also decrease the overal l  

data density  result ing in lower resolution data.  Fol lowing data 

cleaning the individual  l ines  of  data can be combined to create a  

single point  cloud.  
 
I f  th e data are going to visual ised and interpreted using  the resultant  
point  cloud without going th rough the data gridding process ,  th e 

data should be exported as  a  del ineated ASCII  x,  y ,  z  f i le  (where x  and 

y relate to  the posit ion,  and z  the depth)  ( .txt ,  .csv ,  .pts,  .asc,  etc .)  
and clearly identif ied as cleaned data.  

Data gridding 

Data gr idding involves  the averaging of  the data points within  a  point  
cloud to create a  uniform distr ibut ion of  data and,  depending  on the 

software,  is  a prerequisite  to  the continuat ion of  th e processing,  and 
visual ising  process.  Gr idding can be undertaken on a single  point  

cloud or  can consider individual  l ines ,  with the result ing output 
being the combined and gr idded point  cloud.  

 
Gridding is  undertaken in  the x  and y planes ( i .e.  plan view) and to 

def ined cel l  sizes.  However,  gr idding wil l  result  in  the loss  of  data 
points ,  th e loss of  data density  and resolution,  and the creation of  
new data which may not be a t ruly accurate representation of  the 

seabed or feature.  T he advantages of  gridding the data,  part icularly 

with large datasets ,  is  the abil ity  to  create a  georeferenced surface 

for  visual isation,  and in most  instances a  signif icantly  reduced f i le 
size enabling  a  more effective  use of  the data within GIS  software.  

Whilst  the archaeological  interpretat ion of  data relat ing  to features 
such as  shipwrecks sh ould always be undertaken using  un -gridded 

point  cloud data,  the use of  gr idded data for v isual isat ion of  

shipwrecks (and the production of  georeferenced images)  and  wide 
area assessments  is  considered acceptable as long as  the l imitations 
are understood and detailed within th e survey report  ( Section 14) .  
Where the aim of th e assessment  of  a  large area dataset  is  to  identi fy  

the locations of  features  of  potent ial  archaeological  interest ,  and 

where other  datasets  are available such as  s idescan sonar ,  the use of  

gridded data is  usually suff icient.  

 

The size of  th e grid  wil l  depend on th e data density,  and an 
assessment  must  be made of  th e data to  understand this .  The overal l  
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aim is  to  achieve a grid with  the smallest  cel l  s ize  possible 
(maintaining resolution) ,  without having cel ls  with no data points  

from which  an average can be taken.  For  example,  a  data set  with  

data points  spaced at  0.1  m across t rack ,  and 0 .2 m along t rac k,  

could not  be gr idded at  0.1 m.  Th e methods of  averaging th e points 
within th e cel l  can be def ined by the user  but  general ly  opt ions are 
available :  th e mean,  the sh allowest  point,  or  the deepest  point .  For 
archaeological  assessment the mean  is  general ly  the preferred 

method.  

 
The smaller  the gridded cel l  s ize,  the higher  the resolution of  the 

resultant  output,  and the truest  to  the or iginal  data it  wil l  be.  The 
examples in Figure 28 are based on data col lected over  the wreck  of  

the Lond on  and show  the ef fect  of  cel l  s ize  with the data gr idded at  
0.1  m, 0.25 m,  0 .5  m, and 1 . 0  m. Note the data ha s had a surface 

applied which  wil l  be discussed in  the visual isation section below.  
For character isat ion  surveys data should be gridded at  a  maximum of  

1.0  m, for investigation surveys  0.25 m, and for shipwreck surveys  
0.1  m sh ould be aimed for .  

 

The examples  in  Figure 28 h ave al l  been produced using th e same 

colour scale  for  depth.  Due to th e nature of  the gr idding process  not 

only  do the levels of  detail  ch ange,  but  subtle dif ferences in  the 
presented depths can also be seen due to th e averaging of  depth 

over dif ferent  ar eas.  
 
I f  th e data are going to be v isual ised and interpreted using  the 

resultant  gridded point  cloud ,  the data should be exported as a 

del ineated ASCII  x ,  y ,  z  f i le  (where x  and y relate to  the posit ion,  and 
z the depth)  ( .txt ,  .csv,  .pts,  etc.)  with  the cel l  s ize  clearly  ident if iable 
(such as  _0.25m).  Further visual isation may require  the data to  be 
exported,  however  depending on th e software used visual isation and 

exports may be able to be undertaken within the same package.  
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Visualisation 

Visual isat ion of  th e data wil l  depend  on the aims of  the survey and 

the intended use of  the data.  As  detailed ,  th e requirements may vary 
between surveys  undertaken over  individual  sites and those intended 
to cover  large areas.  The visual isat ion process  must consider  the 

intended use of  the data and wh ether  the exported formats  are 

suitable.  The three main types of  visual isation are two -dimensional  
plan v iew images (usually georeferenced with a surface appl ied ) ,  in 
three-dimensions (with a surface appl ied ) ,  and in  three-dimensions 
as a point  cloud.   

 

Most  software wil l  a l low for  the alterat ions of  colour scales 
depending  on depth  and the application of  effects  such as  shading ,  

using a l ight  source posit ion to highl ight  features  based on th e 

shadow they create.  These should be used to achieve the opt imum 
presentation of  the data to  highl ight  features of  potential  interest .  

The visual isation of  ungridded point  cloud data wil l  always give the 
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most  accurate representation of  th e data .  The v isual isation of  a 
georeferenced two -dimensional  image is  more appropriate for  use in 

GIS software.   

 

The creation  of  a  surface wil l  produce  either  a mesh  which directly 
l inks each point  of  data  with  st raight  l ines ,  or  a  draped surface which 
wil l  use the surrounding data points,  and curved l ines,  to  create a  
less angular  surface .  The higher th e density  of  data points ,  th e more 

accurate the result ing surface wil l  be.  Where there are no data points 
the software wil l  typical ly  interpolate between points which  wil l  
create an unusual  ef fect ,  and potential ly  obscure smaller  features  
when v iewing in  an or ientatio n other  than plan v iew.  
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The examples  in  Figure 29 are al l  based on h igh resolution data 
col lected over  the wreck of  HMS K eit h  during  the Operat ion Dynamo 

Project .  

Processed outputs 

The culminat ion of  the data processing is  the output of  del iverables  
in relat ion the Method Statement  ( Section 10) ,  and from which 

interpretation can be undertaken.  Th e workf low for  the production of  
outputs wil l  vary depending on the processing  software but  al l  
industry standard software should h ave the fol lowing options.  To 
note,  not  al l  may be useful  or  appl icable to  the project  but  are 

included h ere for completeness.  

Point clouds 

As throughout th e processing  process ,  point  clouds can be exported 
as a del ineated ASCI I  x ,  y ,  z  f i le  (where x  and y relate to  the posit ion,  

and z th e depth)  ( .txt ,  .csv ,  .pts,  .asc,  etc .) .  At  a  minimum ,  a  cleaned 
point  cloud should be exported .  Gr idded point  cloud s should be 
clearly  labelled as  such .  For a point  cloud that  has had v isual isat ion 

undertaken,  ASCII  f i les  are able to record certain information about  

each  point ,  such as  RG B colours  and intensit ies.  Whilst  ASCI I  f i les  are 

typical ly  able to be re ad by a wider  var iety of  software,  binary  
formats such  as  . las  and . laz  can be considered.  The format  wil l  

depend on the requirements  of  the cl ient  and individual  data storage 

workflows.  It  should be noted that  some visual isation effects  created 

in certain  software,  such as those within th e point  cloud s visual ised 
for  assessment  image,  wil l  require  the f inished product  to  be 
exported in  a  proprietary  format.  

 
Where data are being provided by a  third party,  such  as in advance of  

marine development,  or  where  data col lected wil l  be used by other  
organisat ions,  data should be suppl ied and exported in  industry  

standard formats.  
 
As  point  cloud data are three-dimensional ,  the presentation in 

reports  (with  the exception of  three -dimensional  .pdf’s)  wil l  require 
orientation specif ic  images to  be created.  Images should be exported 

directly  f rom the software as opposed to taking screenshots,  and 
should be exported to achieve a  minimum of  300 dpi  at  the scale 
required,  i .e.  A3,  A4,  etc.  Images should be exported in a  common 
raster  f i le  format  such as . jpeg,  . t i f f ,  or  .png.  

Surfaces 

Surfaces should always be exported as  a  georeferenced raster  image 

to enable use within G IS software,  with  .t i f f  being  the preferred 

format  (although  other image formats  are available ) .  Some software 
may require  the addit ion of  a  world f i le  where it  cannot read 
georeferencing data contained with th e .t i f f  f i le .  Should th e option 

not be available at  th e t ime of  export ,  open  source software is  

available that  can retrospectively create a world  f i le .  Two types of  

georeferenced raster  can be exported,  one withou t elevation (or  
height/depth)  data,  and one with:  
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◼  Rasters  with out elevation data  –  Rasters  without elevat ion data wi l l  
be a reproduction of  the surface displayed during v isual isation and 

wil l  include the colour  scale selected ,  and any effects  appl ied 

during  visual isation such as shading .  Each pixel  in  the raster  wil l  

have a set  RGB colour .  As th e image does not  contain  elevation 
data a  scale  must  be exported alongside the image,  and preferably 
as a separate image f i le.  

◼  Rasters  with  elevat ion data  –  Rasters  with  elevation data can be 

referred to as  Digital  Elevation Models  (DEM)  or f loating  point  
rasters and are the preferred format  with each pixel  having a z  
value,  as  opposed to an RGB colour .  Elevation data within th e 
raster  al lows for  the manipulation of  colour scales,  shading,  etc .  

within GIS  software and can aid  interpretation with  the abil ity  to be 

able alter  the image presentat ion depending  on scale and view 

data.  

 

Whilst  . t i f f  is  the preferred output for  both  raster  types,  other 
industry standard formats such as  . f l t ,  are  acceptable and when 
receiving  data from a third party wil l  depend on the speci f ied data 
output of  th e commissioning organisation.  Surfaces can als o be 

exported in  proprietary formats ,  however this is  not  encouraged for 

data th at  wil l  be used outside of  the organisation collecting  the 
survey data.  
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6 Magnetometry 
Magnetometry differs from the other techniques discussed within 

this guidance. It does not use acoustics to collect data, is passive (it 
doesn’t transmit a signal from which the return is analysed), it does 

not replicate the seabed or features on it, and the data collected are 

not directional unlike with acoustic techniques. Magnetometers are 
used to identify, and plot, the presence of ferrous materials (those 

containing iron (Fe)) that may be located on or beneath the seabed. 

As noted, this section of the guidance is intended to provide an 

overview of the technique, and the application within marine 
archaeology. Magnetometry at its simplest requires limited 

equipment but there are a significant number of variables that can 

have a detrimental effect to the resultant data. Camidge et al (2010) 
and Holt (2019) provide comprehensive analysis, and instruction, 

relating to the use of magnetometers for the identification of 

archaeological material on the seabed and the processing of data. 

Uses 

Within marine arch aeology m agnetometers  are used to identify  th e 

locat ions of  ferrous mater ial  (anomalies)  that  may l ie on or  beneath 
the seabed. The data can be used to calculate est imations of  mass,  

dimensions,  and bur ial  depth.  Whi lst  magnetometers  cannot  provide 
a visual  interpretation of  the actual  anomaly ,  they can identi fy  areas 

of  potential  and when used alongside visual  techniques such as  
mult ibeam bathymetry  and s idescan sonar  can aid interpretation.  
 
Magnetometer survey is  often a requirement  to minimise th e r isk  of  

interaction with pUXO.  

How it works 

At a basic level ,  a  magnetometer  wi l l  take regular measurements  of  

the Earth’s magnet ic  f ield.  Variat ions in  the magnetic f ield  caused by 
the presence of  ferrous mater ial  wil l  alter  th e magnetic  f ield  and 

these changes can be plotted to identi fy  the locat ion.  
Magnetometers  used in the marine environment are almost  
exclusively towed.  
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Types of magnetometer 

Technologies used within magnetometers vary,  and the working 

principles  are beyond the scope of  this guidance,  however three are 

typical ly  used in  the marine environment,  each with  their  benefits  
and l imitations :  

◼  Proton  –  the proton,  or proton precision magnetometer ,  is  
considered an entry  level  technology in arch aeological  work.  Low 
costs have enabled their  use by  recreat ional  dive boats,  wreck  

enthusiasts ,  and avocational  archaeological  groups.  Whilst  st i l l  in  
production,  th ey are typical ly  l imited in  their  low sensit ivity  (c .  
1.0  nT)  and low update rates  (c .  0 .5  Hz or  one reading every  two 

seconds) .  Proton magnetometers are cal led proton precession 

magnetometers  (as  th ey rely  on the precession of  protons to 

measure the Earth’s  magnetic f ield) .  

◼  Overhauser  –  the Overhauser  magnetometer  has largely  replaced 
the proton magnetometer for  archaeological  survey  outside of  

avocational  or  recreational  groups.  Whilst  more expensive than the 
proton magnetometer ,  they  are st i l l  typical ly  af fordable and benefi t  
from higher  sensit iv ity  ( (c.  0 .01  nT) ,  high er  absolute accuracy (c.  0.1 

nT) ,  and higher cycle  rates  (c .  4 .0  Hz or four readings every second) .  
For general  survey  requirements  they also have an advantage over 

the caesium vapour magnetometer in that  surve ys can be 
undertaken in  any direction.  

◼  Caesium Vapour  –  the caesium vapour magnetometer  is  th e 
industry standard in  relat ion to th e location and identi f ication of  

potential  unexploded ordnance (pUXO)  due to higher sensit ivity  (c .  
0.004 nT /  √ Hz)  and signif icantly  higher  update rates  (upwards of  

20 Hz or  20  readings per  second),  however  the absolute accuracy is  
less than the Overhauser  magnetometer  (<2 .0  nT) .  They are however  
sl ightly  more involved to set  up and consideration needs to be 

given to the angle of  sensors  in relat ion to the Earth’s  m agnet ic  
f ield.   

 
Due to the higher performance of  Overh auser and caesium vapour  

magnetometers,  the use of  th e proton magnetometer  is  not  general ly  
recommended for  arch aeological  survey  unless  no other technology 

is  available.  
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Earth’s magnetic field 

In order  to  understand the working principles of  the magnetometer  it  

is  important  to understand th e Earth ’s  magnetic  f ield,  and the 
local ised impact of  target  mater ial  on it .  The easiest  way to visual ise 
the Earth’s  magnet ic  f ield  is  by  thinking of  the Earth as a large bar  

magnet with its  result ing magnetic  f ield .  

 

The strength of  the magnetic  f ie ld is  measured in  Tesla ( and usually  
express ed in  nano Tesla,  nT)  and wil l  be dif ferent  depending on 

where in th e world  the survey is  being undertaken.  Whilst  the 
strength of  th e Earth’s  magnet ic  f ield changes across th e surface of  

the Earth,  on a  local  scale they are unl ikely to be noticed.  
The Earth’s  magnetic  f ield  is  also affected by  changes in  the upper  

atmosphere ,  solar  storms and large ferrous objects ,  which may 

include th e towing vessel  or shipwrecks.   
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Ferrous material 

Non-ferrous material  may have a  remanent magnetisation that  is  

influenced by th e physical  propert ies  and sh ape of  an object .  
Remanent magnetisation and increase in  the magnet ic  susceptibi l i ty  

of  soil  is  the basis  of  archaeological  magnetometer surveys on l and 
but is  less relevant  offshore.  Ferrous material  has  magnetic 

propert ies that  wil l  local ly  distort  th e Earth ’s  magnetic f ield,  
increasing  and decreasing  the strength,  or  amplitude,  around it ,  th e 

distance and amplitude depending on th e mass of  mater ial .  The 

changes in amplitude are measured by the magnetometer  and 

recorded with  each  cycle.  Wh ether  the change in amplitude recorded 
by the magnetometer  is  greater  or  lesser  (monopole)  or  both (dipole)  

than the mean of  the Earth’s  magnetic f ield at  that  t ime and location  

wil l  depend  on where the magnetometer  travels  in  relat ion to the 
material  (or  more accurately  wh ere in relat ion to  the distort ion of  
the Earth ’ s  magnet ic  f ield) .  Assuming the magnetic  propert ies of  the 

material  are uni form,  readings across  a  feature  wil l  produce a  

monopole anomaly,  while readings  along th e length of  a  feature  

(passing over  each pole)  wil l  produce a dipole anomaly.  Hence the 
shape of  an anomaly  is  determined by the shape of  the feature .  In  
addit ion,  dipolar responses are anisotropic  with resp ect  to  the 
Earth’s magnet ic  f ield ,  g iving a dipole reading in  the north-south 

direction and either  a  monopole or  symmetr ical  dipole  in  the east -

west  direction.   
 
Whilst  for  individual  items the results  are general ly  l ikely to be 

coherent ,  large concentrations of  mater ial ,  such as  shipwrecks,  or  
those made up of  mult iple  components  are l ikely  to create a  more 

complex anomaly .  The complexity  of  the result ing data wil l  typical ly  
depend  on the specif ication of  the survey.  

 

The amplitude recorded by a  s ingle  magnetometer  wi l l  always be 
inclusive of  th e Earth’s magnetic f ield  strength,  or  background  at  

that  t ime and location .  Where the background is  45,000 nT a  
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measurement of  45,015 nT would indicate a ‘posit ive ’  var iat ion of  
15 nT,  a  measurement  of  44,075 would indicate a ‘negative ’  variat ion 

of  25  nT  (negative in this context  being relat ive to  the Earth’s  

magnetic f ield) .  Monopoles amplitudes are measured f rom the 

background to th e peak with th e posit ion taken from the posit ion of  
the peak.  Dipole ampl i tudes are measured from the posit ive peak to 
the negative peak (PtoP),  and the posit ion measured from the 
intersection with the background between th e peaks.  For complex 

anomalies ,  where they can’t  be separated ,  amplitude measurements 
are taken from the largest  posit ive to  the largest  negative peaks,  and 
the location in  the centre of  the overal l  anomaly.  The dimension of  
the anomaly  is  recorded from the start  of  variat ion to th e end of  the 

variat ion.  

Positioning of anomalies 

The amplitude recorded by the magnetometer is  not  a  direct  

measurement of  mass,  but  a  measurement of  the var iat ion in  the 
Earth’s magnet ic  f ield.  As th e distance between th e magnetometer  
and th e feature increases,  the var iat ion in  the Earth’s  magnetic  f ield 

decreases  sharply  with distance 3.  Th erefore (and simpli f ied) ,  a  

magnetometer  towed over a large ferrous object  at  a  distance 

produce an anomaly  s imilar  to  that  produced by a  small  ferrous 
object  much closer  to  the sensor .  

 
The above assumes a  s ingle  l ine of  data being collected .  However,  

the posit ion of  an anomaly can be refined th rough the col lection of  

adjacent  l ines of  data.  For  example,  assuming three paral lel  l ines  of  
data 20  m apart  with  an anomaly  of  10 nT are identif ied on the centre 
l ine,  i f  the anomaly  is  not  v isible  on either  the port  or  starboard l ine 

it  can be broadly assumed that  the anomaly  l ies  within a distance of  
up to 10  m perpendicular to th e direct ion of  travel ,  eith er  to  the port  

or starboard of  t he centre l ine.  Should an anomaly  of  4  nT be 
ident if ied on the starboard l ine,  and perpendicular to th e anomaly  

on the centre l ine ,  there is  the potent ial  for  the anomalies  to  be 

 
3 Assuming a compact dipole feature, signal will decrease at a rate of 1/distance3. With complex feature shapes, the signal will 

decrease anisotropically, but always very sharply 
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related to the same feature with  it  being located between th e two 
l ines,  and due to th e h igher  amplitude closer  to  the centre l ine.  

However ,  i t  cannot be guaranteed that  the two anomal ies relate to 

the same feature.  Closer  l ine spacing wi l l  result  in  a  hig her  

conf idence and the abil ity  to  resolve posit ions more accurately.  
 
Manual  calculations can be made to approximate th e posit ion of  an 
anomaly  identi f ied on two adjacent l ines,  typical ly  based on the 

application of  Halls  Equation .  Th ese are discussed in Camidge  et  al  
(2010) .  However,  some processing  software wil l  undertake these 
calculations automatical ly .   
 

Resolution 

Resolution can be defined as  the smallest  dif ference in  f ield strength 
measurable by  the instrument.  This is  related to the sensit ivity of  the 

instrument and is  set  by the manufacturer .  

 

The resolution is  also influenced by the sampling interval  ( the 
number of  readings,  or  data points,  over a g iven distance along the 
track) .  Th e high er  the sampling  interval ,  the more data points that  

wil l  be col lected over a feature providing a  more accurate 

representation of  the anomaly  sh ape and th e refore  lower th e chance 
of  a  feature fal l ing between data points  and not being identi f ied.  

Update rates and vessel speed 

The update rate of  the magnetometer  is  th e f requency at  which 
readings can be taken,  measured in  Hz with one Hz equal  to  one 

reading per  second .  The update rate is  th erefore directly  related to 
the resolution of  the result ing  data.  Technological  d if ferences in  the 

way dif ferent  types of  magnetometer  function wil l  impact  the update 
rate with  proton magnetometers  having the slowest  update rate 
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(c.  0.5  Hz)  and caesium vapour magnetometers  having th e fastest  
(c.  20  Hz) .  Th e vessel  speed wil l  also af fect  the sampling  interval  as  

the faster  the magnetometer is  travel l ing th e greater th e distance 

between readings.  The combination of  update rate and vessel  speed 

therefore determine th e sampling interval .  For example,  assuming a 
survey speed of  four knots  (approximately  two meters  per  second) ,  
the fol lowing sampl ing intervals  can be achieved at  the 
corresponding update rates :  

◼  Proton Magnetometer  @ 0.5 Hz –  4 .0  m 
◼  Overhauser Magnetometer @ 4  Hz –  0 .5 m  
◼  Caesium Vapour Magnetometer  @ 20 Hz –  0 .1 m  

 

As  can be seen,  and without a signif icant  decrease in survey speed,  a 

proton magnetometer  wil l  only  make one reading every  4 .0  m 
producing very  low resolution data.  This  a lone typical ly  excludes the 

use of  the proton magnetometer  for  archaeological  survey ,  with th e 

exception of  th e identi f ication of  sites  containing a signi f icant  
amount of  ferrous material .  Th e faster  the update rate,  and th e 
slower  the vessel  speed, th e greater the abil i ty  to  detect  a smaller  
mass of  ferrous mater ial .  For  each  magnetometer  type increases in 

update rate reduce the sensit ivity  and increase noise within  the data 

and th erefore a  balance must  be achieved to meet  the requirements 
of  th e survey specif ication ( Section 12) .  

Accuracy and sensitivity  

Alongside th e update rate,  two further  speci f ications are also 
typical ly  presented with equipment  specif ications and are measured 

in nT,  these are :  

◼  Sensit ivity –  This  is  a stat ist ical  calculat ion based on repeated 

measurements  as  a  measure of  how sensit ive the magnetometer  is  
to relat ive  variat ions in the Earth’s magnetic  f ield.  The proton 

magnetometer  typical ly  has a sensit ivity  of  1 .0 nT,  meaning it  is  
only  able to detect  ch anges greater  that  1 .0 nT.  Overhauser  and 

caesium vapour m agnetometers have the highest  sensit ivit ies  and 
are able to  detect  changes of  less  than 1 .0  nT.  In  both systems ,  
sensit iv ity  wil l  decrease with an increase in update rate (but  st i l l  a  

much higher  level  tha n the proton magnetometer) .  A  lower  

sensit iv ity  wil l  decrease th e abil ity  of  the magnetometer  to  detect  

small  anomal ies.  
◼  Absolute Accuracy  –  the absolute accuracy of  the magnetometer  is  

the abil ity  of  th e magnetometer  to  accurately present  the absolute 
value of  Earth’s  magnetic f ield.  

Noise 

Noise is  the recording of  data points  that  don’t  represent a  real  or  

accurate measurement of  the Earth’s  magnetic f ield.  Noise typical ly  
relates  to  data points  that  are at  the lower  end of  var iat ions above 
the background and can mask smaller  anomalies with in  the data.  

Readings that  are abnormally  high or  low are referred to as  spikes.  
Spikes in th e data are less common and in most instances are easi ly  

removed dur ing processing.  
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Noise can be caused by the magnetometer  and its  associated 
equipment,  predominantly th e power  supply,  but  the qual ity of  th e 

magnetometer  itself  wil l  have a  bearing  on the noise produced .  

Other source of  noise can include using a low alt i tude tow f ish in  an 

area of  igneous geology,  an area of  increased dumping of  ferrous 
rubbish,  magnetometer update rate and non -l inear  movement of  th e 
magnetometer  caused by either  the towing method or  the effects of  
weather and sea state.   

Masking 

Masking within  magnetometer data is  caused when the size or  shape 

of  one anomaly masks the var iat ions that  are caused by smaller  
anomalies  within close proximity.  Within  archaeology this  is  typical ly  
a considerat ion whilst  attempting to identify  outlying debris  around 

iron or steel  wrecks .   

Geology 

Magnetometers  record variat ions in  the Earth’s magnetic  f ield  
caused by magnet ic  mater ial .  Th is  includes metal l ic iron and steel  

and a number  of  minerals  with magnetic  propert ies (predominantly 
iron oxides) .  In  addit ion,  mater ials  can be magnetised by  heat,  
chemical  act ion or sedimentological  processes  known as remanence.  

Thermoremanence is  an important  pr inciple in magnetometer  

surveys  on land but  is  less relevant in marine magnetometry.  Th e 

impact  of  geological  materials  and remanent materials  on 

magnetometer  data at  sea wil l  vary  dependant on the typ e,  i ron 

content,  and distr ibution of  the geological  features .  I t  can present as 
small  var iat ions in  the background over  a  wide area,  or  more 

signi f icant  var iat ions potential ly  causing masking,  over a more 
local ised area.  

Diurnal variation 

Diurnal  var iat ion is  the short  term changes in the Earth’s magnetic  
f ield due to the rotation of  the Earth and the orientat ion in  relat ion 
to the Sun.  Th e ef fect  is  a var iat ion in  the background which can be 

noticeable when surveys are undertaken over the course of  a day,  or  
on dif ferent  days.  S imi lar short  term var iat ions can be caused by 

solar f lares and electrical  currents in  the ionosphere.  
 

Processing  of  the data can f i l ter,  or  remove,  the effects  of  d iurnal  

variat ion on the background.  In  some instances,  the deployment of  
another magnetometer in  a f ixed posit ion near th e survey s ite,  

typical ly  onshore,  to  record the background and any variat ion can be 
used.  The resultant  variat ions caused by diurnal  var iat ion can then 

be removed from the survey dataset.  

External influences 

As magnetometers  are  susceptible to f luctuations in  the Earth’s 

magnetic f ield  al l  around them ,  data  are  susceptible to th e influence 

of  external  material  which can af fect  the quality  of  the survey data.  
Influences can be from ferrous materials  being inadvertently  used as  

part  of  the coupling  system,  or more signi f icantly from the survey 

vessel .  Most  vessels  used in  magnetometer  survey wil l  have ferrous 
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material  in  some form,  either  f rom the construction,  or  within  
engines and f ixtures and f itt ings.  The amount of  influence this wil l  

have on the magnetometer  wi l l  depend on the mass,  and th e 

distance from the magnetometer ,  and therefore dictates  the distance 

the magnetometer  needs to be towed behind the survey vessel .  The 
overarching guidance is  that  the magnetometer  should be towed at  a  
distance greater  than the influence of  the survey vessel .  In  practise 
this may be between 2 .5 and 4.0 ship  lengths  behind steel  hulled 

vessels,  with  the required distance behind nonferrous hulls  being 
less but  depending  on the mass of  ferrous mater ial  onboard.  

Limitations 

Magnetometer  survey  used to be a  very  common technique within  

recreational  div ing and exploration due to the low cost  of  the proton 

magnetometer  in relat ion to acoustic techniques ,  and many  
shipwrecks were ident if ied as  a  result .  With the increasing  

availabil ity  of  low -cost  acoustic  techniques,  recreational  use of  
magnetometers  has decreased s ignif icantly.  Within marine 
development th eir  use is  prevalent,  especial ly  prior to construct ion ,  

to a id  in  the identi f ication of  pUXO and it  forms a  core component of  

the pre-construction data col lected for  offsh ore wind farms.  
 

When considering  a  m agnetometer survey,  the fol lowing l imitat ions 
should be noted:  

Interpretation 

The m agnetometer  does not  give a  visual  representation of  the 
actual  object .  Assuming the successful  removal  of  the effects of  

geology,  identi f ied anomalies  are l ikely  to  be of  anthropogenic 
origin.  However,  using  magnetometer  data alone does not al low for  

the interpretation of  whether  the material  is  of  archaeological  
interest ,  only  that  is  h as ferrous contents.  There are exceptions and 

assumptions that  can be made but a program of  further  investigat ion 
would be required to est ablish the origin  of  the anomaly  i f  only  
magnetometer  data are available.  

Identifiable material 

The only  material  a  m agnetometer  can detect  is  that  with a  ferrous 
content,  l imit ing  the detection of  certain material  that  may be of  

archaeological  interest ,  including but  not  l imited to wooden 

shipwrecks and aircraft  components,  which are typical ly  aluminium. 
Whilst  a  proport ion of  woo den shipwreck assemblages wil l  include 
some ferrous material  such as  guns,  anchors,  structural  components,  
and cargoes,  there are many examples wh ere this  is  not  th e case and 

therefore the wreck  wi l l  not  be ident if iable in t he data.  Aircraft  

wrecks are similar .  Typical ly,  construction is  of  aluminium with some 
steel  structural  elements,  f ixtures,  and engine components which  
whilst  identif iable wil l  produce only  a  small  anomaly  in  relat ion to 

the overal l  size  of  the aircraft .  Where wooden wrecks and aircraft  are 

broken up and distr ibuted across th e seabed, th e concentration of  

ferrous mater ial  in  one place is  reduced .  Th e result  is  a  number  of  
smaller  anomal ies spread across  a  wide area .  I t  is  th eoretical ly  
possible that  a  magn etometer could detect  a large non-metal l ic ,  



 

Page | 70 

 

ferr imagnetic object  such as a cargo of  br icks ,  but  instances wil l  be 
rare.  

Positioning 

Posit ioning techniques are discussed in  Sect ion 3.  As a towed 
technique magnetometer  survey s are susceptible  to  external  factors 

such as  currents  which can alter  the sensor  posit ion when compared 
to the expected posit ion determined through  layback  calculations.  
Deeper  water  and large amounts  of  tow cable can further  reduce the 
accuracy of  layback  calculations.  To accurately  determine the 

posit ion an Ult ra  Short  Basel ine (USBL)  system should be used.  

Addit ionally,  towing the magnetometer  perpendicular to th e 
direction of  the current wil l  not  only skew th e posit ion of  the 
magnetometer  in relat ion to th e  tow point,  but  can also cause th e 

magnetometer  to  rol l  and yaw, introducing noise into the data.  

Weather 

Magnetometer data  are suscept ible  to  the ef fects  of  weather .  Th e 
movement  of  th e survey vessel ,  such as  mot ion caused by waves,  

swell ,  or  wind,  can cause tugging on the tow cable which impacts the 
motion of  the tow f ish.  These movements  impact  the quality of  the 
data and introduce noise into th e data reducing the abi l ity  to  

undertake interpretat ion and assessment.  Where the  magnetometer  

is  towed close to the surface,  wave motion wil l  have a  direct  impact 

on the tow f ish .  

Obstacle avoidance 

Depending  on the depth of  water  the amount of  tow cable extending 

from the survey vessel  can range from 30 m to over 300 m , with th e 
magnetometer  being towed a  f ixed distance above the seabed. Whi lst  

the alt itude of  th e magnetometer  can be monitored on some 

systems,  this is  only possible  at  the location of  the instrument itself ,  

making it  susceptible  to impact  with  the seabed where there are 
sudden changes in  topography or where there are upstanding 
features such as  wrecks.  The potential  for  snagging on submerged 

hazards such  as f ishing gear,  mooring  chains,  structures,  etc.  should 
also be considered.  

Survey planning 

Whilst  survey planning,  in relat ion to speci f ications,  is  covered in  
Section 12  the fol lowing should be considered during  the survey 

planning process  to  ensure optimal  qual ity of  data ,  and suitabil ity  
for  further  interpretation.   

Minimum object detection size and line planning 

The most  important  parameter  wh en planning a  magnetometer  
survey is  establ ishing the minimum size of  object  that  is  required to 

be rel iably  detected.  The minimum object  detection  is  the minimum 

mass (kg)  that  is  required to be rel iably  detected by  the 

magnetometer ,  at  a g iven amplitude (nT)  and wil l  depend  on the 
aims of  the survey.  This wil l  depend  on the mater ial  to  which  the 

survey relates and could be based on a  requirement  to  ident ify  a  
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shipwreck  of  100 tonnes,  or  an anchor  of  500 kg.  The minimum object  
detection wil l  depend  on the distance of  the magnetometer  from the 

seabed, and therefore the object .  

 

Holt  (2019)  calculated the maximum detection distances for a range 
of  common ferrous objects typical ly  found within the archaeological  
record.  The distances were based on the use of  the Hall  Equation and 
assume a minimum rel iable anomaly  detection amplitud e of  5 .0  nT.  

The value of  5 .0  nT is  considered a standard measurement  within  the 
marine environment and takes into consideration the inherent noise 
within th e data.  However ,  wh ere th e ef fect  of  noise is  minimal  
anomalies  as  low as 3 .0 nT may be able to  be  identi f ied with 

conf idence.  For survey planning purposes,  5 .0 nT should be used as a  

minimum value wh en calculating  the minimum object  detection .  

 

 

The fol lowing example detection distances  have been  reproduced 
from Holt ,  2019.  

  

The Hall equation 

The Hall equation is a quantitative method of calculating the amplitude of a 
magnetic anomaly based on an object’s size, weight, shape and distance from a 
magnetometer. The equation can be expressed as  

 

∆M = 10.
𝑎

𝑏

𝑤

𝑑^3
 

 
Where ∆M is the amplitude of the magnetic anomaly (in nT), a is the length of the 

object (in m), b is the width of the object (in m), w is its weight in kilograms and d 

is the altitude of the sensor above the target (in m).  

 
In archaeological prospection, the equation is most useful when rearranged to 
calculate the mass of a given magnetic anomaly: 

 

w = (
∆M

10
.
𝑎

𝑏
)d3  

 
In the case of an unknown object, the physical size of the object is unknown and 

so for simplicity it can be assumed to be spherical. The ratio of 
𝑎

𝑏
 would be 1, 

leaving the equation as 

w = 
∆M

10
.d3  

 

It is important to note that the distance in this equation represents the distance 
from sensor to object, not the altitude of the sensor above the seabed nor the 

distance between the object and the survey line. 

 
The Hall equation makes a number of assumptions as noted above, meaning the 

equation as presented here will only give a rough approximation of the mass of 
any feature. 
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Object  Mass  Distance  

20lb round shot  9 kg  2.7  m 

32lb round shot  14 kg  3.0  m 

Small  anchor  100 kg  6.0  m 

Large anchor  500 kg  10 m  

Small  i ron gun (9lb)  1,250 kg  14 m  

Medium iron gun (18lb)  2,000 kg  16 m  

Large i ron gun (42lb)  3,250 kg  19 m  

Iron ballast  10,000 kg  27 m  

Small  i ron wreck  100,000 kg  58 m  

Iron wreck  100,000,000 kg  126 m  

 

There are a few points  to  note with the minimum object  detect ion  

and maximum detect ion l imits  in  relat ion to l ine planning,  and it  

must  be understood that  al l  calculat ions are th eoretical ,  and 
contingency should be appl ied.  Using  a  500 kg object  as  an example,  
the magnetometer  would record a  5 .0  nT var iat ion at  a  distance of  

10 m,  which is  the detection l imit .  Past  this distance either a lower 
variat ion or a null  value would be recorded. Closer  than this  distance 

and a high er  variat ion would be recorded.  

 
When using th e maximum detection distance,  i t  i s  not  suf f icient  to  
use the value as  the al t itude for th e magnetometer  as th e distance to 

the seabed wil l  increase with  perpendicular  distance from the 
magnetometer .  Instead,  a practical  alt itude should be used,  

general ly  not  more than 6 .0 m for  archaeological  survey,  and the 
seabed coverage calculated where 500 kg  of  material  can be 
detected at  an amplitude of  5 .0 nT or  greater.  

 

Coverage 2 (m) =  2.√(Slant  range Minimum  Distance 2 (m) -  Alt itude 2 (m))  
 
In this  example,  a  6 .0  m alt itude has been used for th e magnetometer  

which would al low the detection of  a 100 kg object  directly below  the 
magnetometer .  With a  maximum range of  10  m to detect  a  500 kg  
object  this  wil l  equate to  a  perpendicular  distance of  8.0 m from th e 
magnetometer  to  the object .  
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The resultant  coverage of  16  m  (8.0  m eith er  side of  th e 

magnetometer)  wi l l  also be the minimum l ine spacing that  needs to 

be used to achieve 100% coverage of  the seabed where a  500 kg  
object  wil l  be identi f iable as  a  minimum var iat ion of  5 .0  nT.  The 
anomaly  posit ion wil l  be accurate (across  track)  to +/ -  8 .0  m i f  i t  is  

not  seen on adjacent  l ines.   

 

When applying th e same principle to th e calculation of  minimum 
object  detect ion  in  relat ion to planned l ine spacing it  can be seen 

that  the theoret ical  minimum object  detection  s ignif icantly  

decreases,  and the theoret ical  posit ional  accuracy s igni f icantly  

increases as  the l ine spacing decreases.  Calculations are rounded to 
one decimal  place,  and al l  assume a magnetometer alt itude of  6 .0 m, 

a minimum detect ion amplitude of  5 .0  nT,  and 100% coverage at  the 
speci f ied minimum object  detection .  No contingency has been 

applied to the f igures.  

 

L ine Spacing  Slant  range MOD   Accuracy (+/ - )   

50 m  25.7  8,487 kg  25 m  

20 m  11.7  800 kg  10 m  

10 m  7.8  237 kg  5.0  m 

5.0  m 6.5  137 kg  2.5  m 

2.0  m 6.1  113 kg   1.0  m 

1.5  m 6.0  108 kg  0.75  m  

 
Reducing th e alt itude wil l  decrease the minimum object  detect ion ,  

for  example at  an alt itude of  4 .0 m, and a  l ine spacing of  5 .0  m,  the 

minimum object  detection  would be 52 kg  with a posit ional  accuracy 
of  +/-  2 .5  m.  This does however come with an increased r isk  to  

equipment and coll is ion with the seabed, and it  is  more diff icult  to  
maintain  shallower  alt itudes,  which  should be considered during 

survey planning.  

Fi gu re 3 5:  

Ma g ne to me te r  

cov era ge .  
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Equipment selection 

The equipment  selected should be based on the abil ity  to  meet  the 

objectives  of  th e survey.  Select ion should take into consideration the 
fol lowing:  

◼  Th e type of  magnetometer  -  the use of  the proton magnetometer  is  

general ly  not  considered appropriate for professional  
archaeological  data col lection .  The slow  update rate lead s to  a  
sparse distr ibution of  data along the track  at  a  typical  survey speed 
of  four knots.  Most  archaeological  surveys required a sampling 

interval  of  at  least  every 0.5  m (4 Hz at  four  knots) ,  increasing  to 

every  0.2 m (10 Hz at  four knots)  for  th e identi f ication of  smaller  
anomalies  such as  the remains of  aircraft .  Overhauser  
magnetometers  can record data at  4  Hz.  .  Caesium vapour  

magnetometers  can collect  data at  20 Hz.  

◼  Magnetometer  conf iguration -  The guidance so far  has  only  
discussed the use of  a  single magnetometer .  Whilst  typical ly  not  

employed by smal ler  archaeological  organisations,  th e techniques 
below are commonly  used within the survey industry .  For  
archaeological  assessment,  the use of  eith er  the Transverse 

Gradiometer,  or  a mult i  sensor  array is  only l ikely  to  have posit ive 

benefits to  the data col le cted.  
Transverse Gradiometer  (TVG) -  the data col lected from the 

deployment  of  two m agnetometers at  a f ixed,  and known,  

distance from each  other,  e ither  vert ical ly  or horizontal ly ,  can 

be processed as gradiometer data which measures  the f ield  

gradient  between th e magnetometers .  This  can remove the 

effect  of  diurnal  var iat ion and reduce the effect  of  geological  
features.  The data can also be processed to compute the quasi-

analyt ical  s ignal  (known as th e analyt ical  signal) .  The analyt ical  
signal  can have advantages when v iewed graphical ly  in th e 

clearer  identi f ication of  smaller  features,  a  more accurate 
est imat ion of  horizontal  posit ion .  In addit ion,  the dataset  is  

simpli f ied due to the presentat ion of  values as posit ive only .  
Furthermore,  the data can be processed as  independent 
datasets ,  increasing coverage and al lowing,  for  example,  

est imates of  anomaly  posit ion to be made using  appropriate 
modell i ng.  

 

Fi gu re 3 6:   
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Mult i  sensor  array  -  a mult i  sensor  array  is  a  number of  
magnetometers ,  usual ly  four  or f ive,  towed at  a  f ixed distance 

from each  other and usually  with  the use of  a f rame.  Some 

frames wil l  have th e abil ity  to  alter  the alt itude of  the array 

without having to alter  the amount of  tow cable out or  altering  
vessel  speed.  The us e of  such  equipment  is  common in  the 
ident if ication of  pUXO as  it  al lows a shallow alt itude to be 
accurately maintained.  Th e data can be processed in  a  method 

similar to TVG,  but  fundame ntal ly  it  maintains a  very small  l ine 
spacing between data l ines,  without  having to achieve near  
impossible,  and incredibly t ime consuming,  c losely  spaced 
paral lel  vessel  tracks.  Assuming f ive magnetometers  with  a  

spacing of  1 .5  m, th e l ine spacing for  the vessel  to  run would be 

7.5  m to achieve a  l ine spacing of  1.5 m across  the ent irety of  

the survey area.  Th e result  is  eith er  a  survey that  in  theory  wil l  

be completed in 20% of th e t ime,  or  assuming the l in e spacing 

of  7.5  m is  a  constant,  a survey that  w i l l  have a  signif icantly  
smaller  minimum object  detection  and more accurate anomaly  
posit ioning.  

◼  Depth of  water  and environment  -  For towed equipment ,  th e deeper 

the water  the more tow cable wi l l  be needed to ensure the correct  

alt itude of  th e tow f ish,  and typical ly  the heavier th e tow f ish 
required to ensure stabil ity.  At  depths of  water  exceeding 25 m the 

addit ional  weight of  c able,  a  potent ial  requirement  to  weight th e 
magnetometer ,  and addit ional  drag  through  the water  is  l ikely to 

require  a  winch  to safely  deploy and recover  the tow f ish.  Current,  

and/or  poor sea states  may require  the use of  hea vier  equipment to  

minimise th e impact  on data quality .  
◼  Alt itude  -  During magnetometer  surveys  the measurement of  the 

alt itude is  cr it ical  both to retrospectively  calculation the MOD  and 

to ensure the survey remains within  the defined specif icat ion.  Two 
common methods are a pressure sensor  on the magnetometer  to  

calculate depth or  an integrated alt imeter.  With a  pressure sensor,  
the depth recorded by the magnetometer  can be subtracted f rom 

the total  water depth  to obtain  the instrument alt itude.  This  
requires accurate water  depth measurements to  be taken with  th e 

data t ime stamped so that  calculat ions can be made, and errors  of  

just  a few metres  can signi f icantly  alter  the calculation of  the 

instrument alt itude.  The preferred method is  the use of  an 

integrated alt imeter  which provides regular  and accurate 
measurement of  the magnetometer alt itude.  

Line planning 

Survey l ine spacing sh ould be planned to meet th e objectives  of  the 
survey (Sect ion 9) ,  the predominant  factor s  being survey purpose 
and minimum object  detection .  Wh ere possible l ines  should be 
planned to run:   

◼  In straight  l ines ,  with turns being undertaken outside of  the survey 

area.  The quality  of  th e result ing  data wil l  depend on  the abil ity  of  

the survey vessel  to maintain  straight  l ines  during data acquis it ion.  

Data col lected during  a turn can also cause the magnetometer  to  

rol l .  
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◼  Paral lel  with th e direction of  the current  to minimise th e impact  of  
cross  currents  on the posit ion,  stabil ity,  or  heading of  th e 

magnetometer .  The abil ity  of  the survey vessel  to maintain a 

straight  l ine,  and fol low l ine plans,  wil l  be reduced when t ravel ing  

perpendicular to th e current .  
◼  Paral lel  with th e seabed topograph y  as far  as possible to avoid 

changes in alt itude over  the course of  the l ine.  In  areas of  shal low 
water ,  and along th e coast ,  survey  l ines  should be run paral lel  to  

the sh ore and working f rom deep to shallow to minimise th e r isk  to  
the magnetometer .  Shallow water  surveys  sh ould aim to undertake 
the shallowest  areas at  the period around high t ide.  

◼  At a  constant  speed , ideally  not  exceeding 4  knots ,  or  a  speed 

where the update rate and vessel  speed produce the specif ied 

along track resolution.  In  some instances,  i t  may not be possible  

for  the survey vessel  to maintain  a  consistent  heading at  a  low 

speed and considerat ion should be given to running al l  l ines  into 

the current to increase steerage .  
◼  At a  constant  alt itude,  not  exceeding that  from which  the minimum 

object  detect ion  has been calculated.  

 

Cross l ines  should be col lected perpendicular to th e main survey 

l ines to al low for  correlat ion and the assessment of  overal l  
posit ioning accuracy .  Cross l ines  can also be used to correct  for the 

effects  of  d iurnal  variat ion.  Th e cross  l ine spacing wil l  depend on  the 
speci f ication,  but  10% of  the main l ine spacing is  usually  suf f icient .  

Calibration and testing 

Prior  to  deployment ,  the system should be ful ly  mobil ised on deck  
and al l  inputs  into th e acquis it ion software confi rmed. This  can 

include GNSS,  USBL,  and magnetometer  outputs.  Magnetometers,  
depth sensors ,  and alt imeters  may al l  require cal ibrat ion.  Cal ibration 

cert i f icates  of  the equipment  ( i f  appl icable)  should be checked and 
conf irmed to be in  date.  Intervals  and method s vary  between 

manufacturers  and instructions should be fol lowed prior to,  or  as  
part  of ,  th e deployment process.  
 

The determination of  a correct  minimum object  detection  s ize and 

accurate posit ioning can be achieved through the deployment to the 

seabed of  an object  of  a  known ferrous mass ,  equivalent  to  the 
minimum object  detection  at  a known posit ion.  The actual  process  

wil l  depend on  the survey contractor or  the requirements  of  the 
cl ient,  but  the fol lowing provides an example of  a  suitable minimum 

object  detect ion  size and posit ioning test :  

 
Prior  to  the deployment of  the known object ,  the area of  seabed 
selected should be surveyed to ensure it  is  free f rom anomalies  that  
may affect  the  test  results.  Fol lowing deployment of  the known 

object ,  e ight  l ines of  data should be col lected directly  over  the 

object .  Two l ines,  in  opposite  directions,  should be col lected in  th e 

orientation of  the planned survey,  directly over  the object  and at  an 

alt itude corresponding with th e maximum detection range.  Two l ines  

should be col lected in  the same or ientation ,  with one set  at  an 
alt itude below the minimum detection range,  and one set  above the 
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minimum detect ion range.  Two l ines  should be col lected at  a  
perpendicular or ientation and at  an alt itude corresponding with th e 

maximum detection range.  

 

From th e result ing  data ,  th e minimum object  detection  s ize,  and 
minimum detect ion distance,  can be conf irmed.  Th e plott ing  of  th e 
posit ions from al l  l ines wil l  al low for  the identif ication of  any of fset  
errors caused by tow point  of fset  measurements,  layback  

calculations,  USBL errors ,  and potential ly  current.   

Survey outputs 

Magnetometer data are recorded digital ly  during acquisit ion and,  

depending  on the manufacturer ,  wil l  e ither  be in ASCI I  format,  or  a 

proprietary  format  which wil l  have a  f i le  extension unique to the 

manufacturer .  Each survey l ine should be recorded individually,  with 
acquisit ion stopped pr ior  to  the start  of  turns,  and started f ol lowing 

the complet ion of  th e turn.  Data f i les  wil l  include at  a minimum the 
amplitude reading,  th e alt itude and/or depth,  and the posit ion of  
each  reading,  and th e heading.  Whilst  largely an automated process,  

f i les  wil l  general ly  (and should)  include :  

◼  l ine identi f ier  or  name  
◼  start  t ime and date  

◼  stop t ime and date  
◼  start  posit ion  

◼  stop posit ion  

 

I t  is  important to understand wh ere th e posit ion stored in th e f i le 
relates  to .  D epending  on how the system is  set  up this  can be the 

GNSS antenna posit ion,  the tow point  (defined th rough offsets  in  the 

acquisit ion software) ,  or  th e posit ion of  the Magnetometer 

calculated through  layback,  input  dur ing acquisit ion,  f rom th e tow 
point  or  recorded f rom a USBL system.  Ir respect ive of  th e posit ioning 
system used, th e length of  cable out  should be recorded separately,  

and outside of  th e acquisit ion software,  for  each l ine.  F i les  may also 
include:  

◼  layback 

◼  GNSS/or tow point  posit ion  

◼  corrected posit ion  

 
I f  col lected in  a  proprietary format ,  the data should be exported as  

del ineated ASCII  f i les ( .txt ,  .csv ,  .asc,  etc .) .  The data should be 
exported with each individual  l ine as a separate f i le .  

Quality control 

Prior  to  the commencement  of  data processing,  th e data sh ould be 
subject  to a process  of  quality control .  The process should establ ish 

the qual ity  of  the data,  in relat ion to suitabil ity  for  archaeological  

interpretation,  and wh ether  the objectives  of  the survey have been 
met.  Whilst  data suppl ied by  a  survey contractor  wil l  have been 
through a  process of  quality  control ,  i t  is  st i l l  important  that  this  is  

undertaken pr ior  to  any addit ional  processing and interpretation.  
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The results  of  th e qual ity control  assessment  should be presented in 
the survey report  ( Section 14) .  

 

The quality  control  process  should be ongoing .  Issues with  data may 

not become apparent unti l  the interpretation phase ,  wh en each l ine 
of  data are  viewed individually.  The process  for  qual ity  control  wil l  
depend on  the workflow of  th e organisation undertaking th e work,  as 
well  as  the software being used,  but  at  a minimum the fol lowing 

should be considered :  

Data quality 

◼  Noise -  Is  the level  of  noise acceptable and within th e tolerances 
required to st i l l  be able to identify  anomal ies of  minimum object  
detection at  th e calculated amplitude for  the minimum detection 

distance ?  

◼  Spikes and dropouts  –  Spikes  are erroneous readings,  typical ly  of  
an ampl itude signi f icantly above or  below background.  Dropouts  

are caused by an interruption in  s ignal ,  or  no reading being taken .  
Typical ly ,  they  wil l  result  in  a  zero reading or no data.  

◼  Data collect ion -  Have the data been collected to a  specif ication to 

achieve the minimum object  detect ion ?  In  th e absence of  the 
survey of  a  test  object  of  known mass at  vary ing alt itudes ,  this  wi l l  
have to be undertaken theoret ical ly  in  relat ion to the l ine spacing 

and alt itude.  

◼  Oth er  issues -  Does th e data have any other issues which may affect  

the abil ity  to  undertake archaeological  interpretat ion?  Th is  c ould 
include,  but  is  not  l imited to,  the presence of  geological  features,  

or  signif icant  ferrous anomalies  masking smaller  anomalies .  
Modern anthropogenic  features  such as  that  relat ing to 

infrastructure,  or  even other vessels  passing close by  wil l  also 
affect  data.  Where these are visible during  the survey th eir  

posit ions should be recorded.  

Positioning and navigation 

◼  Whilst  raw navigation data ( including th at  embedded within  the 

magnetometer  data)  wil l  usually  require  some smoothing dur ing  
processing ,  th e general  trend should be assessed for irregularit ies  

including large spikes,  missing  data,  or  notably wrong posit ions.  
This  include s ensuring  the data has been recorded in  the correct  
coordinate reference system,  both in  relat ion to the area ( i .e .  

correct  UTM Zone)  and as presented in th e survey details.  

◼  Have the correct  layback and/or offsets  been recorded ? This can be 
checked  through th e assessment  of  the posit ion of  anomalies  
ident if iable on mult iple l ines  of  data.  Broadly speaking ,  large 
offsets along track  can indicate layback  or tow point  of fset  errors,  

while  of fsets  across  track indicate tow point  of fset  errors .  Wh ere 
mult ibeam bathymetry  or  sidescan data are available these should 
be used to correlate anomalies  with  vis ible  features  on the seabed .  

Coverage 

◼  The survey should ach ieve th e required coverage,  both in term of  
the survey area and th e coverage percentage (based on the 
percentage of  seabed where the minimum object  detection  can be 
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achieved) .  Most  commercial ly  available and industry  standard 
processing  software wil l  plot  th e data as l ines ,  alongside a  

shapefi le  of  the survey area  to enable an assessment  of  coverage .  

 

The quality  control  process  should highl ight  and record areas where 
the data does not  meet the specif icat ion of  the survey,  part icularly  in  
relat ion to alt itude as this wil l  have an impact on th e minimum 
object  detect ion .  For  a  high speci f ication survey where the minimum 

object  detect ion  is  crit ical ,  such as  within areas of  high 
archaeological  potential ,  or  where precise posit ioning of  anomal ies 
is  required,  data that  fal l  outside of  the survey specif icat ion should 
be recollected.  

Processing and visualisation 

Prior  to  processing ,  a backup of  the raw,  or ‘as suppl ied’,  data 
should be created,  as  some software used wi l l  alter  the source f i le.  

Whilst  some software wil l  save processed data  in  a  proprietary 
format  (and thus not  a lter  the source data )  i t  is  good practi ce to 
maintain  an unaltered copy of  the data.  

 

The primary  purpose s of  data processing  are  to  correct  navigational  
and posit ioning errors ,  enable th e visual isation and measurement  of  

anomalies ,  and assess  potential  relat ions with other  anomalies  
ident if ied.  Processing  should be undertaken with caution,  however ,  

as while  some processing procedures  can result  in  data that  look s 

good,  they have the potential  to remove data which may represent  

features of  interest ,  and therefore reduce the appropriateness  for  
archaeological  interpretation.  

 

In its  very  simplest  form, the processing  and visual isat ion of  

magnetometer  data can be undertaken in  a  spreadsh eet  editor with 
an option to display  data graphical ly  as  a  t ime series  plot .  A number  
of  commercial ly  available  software packages (some free to use)  that  

not  only  simpl ify  the overal l  process  but reduce the number  of  
manual  calculations required and can produce visual  outputs  for  

presentation of  the data  are also available .  
 

The main elements of  data processing  that  should be undertaken 

prior to interpretation,  and export  of  del iverables,  are as  fol lows :  

Navigation 

Navigation processing ensures  that  data are posit ioned correctly,  

both relat ively and absolutely.  Navigat ion data consist  of  a  posit ion 
and t ime relat ing  to each magnetometer re ading.  Recorded posit ions  
are affected by  GNSS inaccuracies  and  the h eave,  pitch,  and rol l  of  
the vessel .  These wil l  not  be t ranslated to changes in  posit ion of  the 

magnetometer ;  hence the navigation data should be smooth ed to 

provide a  more accurate magnetometer t rack.  Th e amount of  

smoothing required wi l l  depend on  the quali ty of  th e navigation 

data,  and th e impact  of  factors discussed above.  Smoothing is  

typical ly  undertaken on import  and the aggressiveness  of  th e 
smoothing  is  control led by  defining  the number  of  records between 
which smoothing is  calculated.  The number of  records should be 
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kept as  low as possible to reduce the creation of  art i f icial  
magnetometer  tracks.  

 

Fol lowing import ,  th e navigation data should be v iewed and 

assessed for  erroneous data points,  which should be removed. Th is 
wil l  result  in th e interpolation of  the navigation between last  and 
f i rst  ‘good’  points.  Care should be taken to avoid the accidental  
creation of  an art i f icia l  magnetometer  track.  

 
Whilst  less common on large scale surveys which typical ly  use USBL  
and thus have corrected m agnetometer  posit ions,  layback (or  cable 
out)  and tow point  offsets  should be applied to each  l ine of  data 

when required and the result ing  navigat ion corrected f i les assessed 

as per th e quality  control  process.   

De-spiking 

The data should be cleaned of  spikes  and drop outs .  Both  are usually 

easi ly  identi f iable within the data as  s ingle  points  that  do not  f it  the 
general  trend of  the data,  i .e.  a  single signif icantly  higher reading 
than the background, or a single  zero reading.  Th e process  of  de -

spiking  wil l  remove the data poi nts  and interpolate between th e 
readings either side.  The process  can be undertaken manually ,  or  
with the use of  stat ist ical  f i l ters.  Whether undertaken manually or  

using an automated process,  caution sh ould be exercised with the 

removal  of  data points ,  part icularly where the update rate is  slow,  as 

a s ingle reading could represent  an anomaly  of  interest .  Where the 
data are  character ised by  a  signif icant number  of  spikes  or drop 

outs,  this  might indicate an underlying  problem with the system or 
the survey methodology and condit ions.  Wh ere th ere are excessive 

spikes  or  drop outs ,  this h as  the potential  to  impact  the overal l  
speci f ication of  the survey due to a decre ase in  along t rack  

resolution.  
 

Noise,  especial ly  high frequency instrument  noise,  can also be 
reduced at  this  stage using a low pass  f i l ter.  A  low pass f i l ter  wil l  
remove higher  f requencies  whilst  leaving  the lower frequencies  

result ing in th e smoothing of  small  variat ions within th e data.   

Correction of diurnal variation 

The ef fect  of  d iurnal  variat ion on the Earth ’s  magnet ic  f ield can be 

corrected in a number  of  dif ferent  ways :  Base stat ion data can be 

collected and used to remove diurnal  var iat ion from  the collected 
data.  More commonly ,  diurnals  variat ions are removed by  
normalis ing  the background for each l ine to  a general ised basel ine.  
This  can be achieved through the use of  crossl ines  wh ere the pr imary 

l ines can be adjusted to,  or  through ,  an automated stat ist ical  
calculation ,  which  is  undertaken within  the processing  software.  

Background and regional variation 

The magnetometer  wil l  record the total  f ield measurement at  a  
posit ion and t ime .  This includes the Earth’s magnetic f ield,  the effect  
of  any regional  geological  variat ions,  and th e variat ions caused by 
features on and below the seabed,  and diurnal  variat ion as detailed 



 

Page | 81 

 

above.  The variat ion caused by features of  potential  interest ,  
excluding  the Earth’s magnetic f ield  and regional  variat ions,  is  

known as  the residual  f ield and can be separated f rom th e 

background using  a  series of  f i l ters  and est imations of  best  f i t .  

 
For th e purposes of  archaeological  assessment,  i t  may not always be 
necessary to remove the background ef fect  of  regional  geological  
variat ions.  Changes are often gradual,  over  a  large area and of  a  low 

amplitude ,  meaning anomalies  can st i l l  be identi f ied against  the 
background.  Where the ef fects  of  regional  variat ion are more 
noticeable,  they can often  be removed through the applicat ion of  a  
high pass  f i l ter .  The process  of  f i l ter ing wil l  a lso  alter  the shape and 

peak to peak measurement of  anomalies  that  may be of  interest ,  so 

caution must  be exercise d when using  f i l ter ing ,  part icularly in  

relat ion to the identi f ication of  smaller  anomalies and calculations 

of  mass.   

Visualisation 

The processed magnetometer data can be visual ised in  a  number  of  
dif ferent  ways.  Th e most appropriate meth od wil l  be def ined by th e 

aims of  the survey.   

◼  Time series plot  –  Th e most basic  method of  viewing magnetometer  
data is  a  t ime series  plot ,  from which variat ions,  both posit ive and 

negative,  can be viewed and ident if ied.  Posit ions,  and 

measurements  can be taken from the plot ,  and the results 

presented spatial ly  using a  GIS.  Th e plot  cannot be viewed 
graphical ly  alongside other  data such as  mult ibeam bathymetry ,  

although some software wil l  al low for simultaneous assessment 
with the cursor posit ion in  the t ime series  plot  being displayed on a 

georeferenced image of  other data.  Point  data can be displayed 
spatial ly  by  importing  the residual  f ield  data into a G IS and 

applying a colour scale based on the amplitude.   
◼  Contour plot  -  A  contour plot  wil l  interpolate the data between 

l ines to produce a  visual  representation of  the data across  the 
whole survey area,  much in  the same way as  depths are presented 
on a  nautical  chart .  The distance between contours  wil l  depend on 

the ch anges in  amplitude recorded.  However,  care is  required as  

data wil l  be presented as  an interpolated surface,  creating  a  

misleading impression of  the integr ity  of  datasets col lected with  a  
wide l ine spacing.   Contour plots  work well  when th e l ine sp acing is  

reduced below 5  m ,  however,  their  usefulness in anomaly 
ident if ication can be l imited,  and at  wider  l ine spacings can give 

the impression of  much greater coverage than there is,  with no 

anomalies  ly ing  between l ines.  Contour  plots can be presented in  
two or  three dimensions.  

◼  Gridded outputs  -  Data can  be presented graphical ly  as  a  surface,  
through a  process of  gridding,  where the data are averaged into 

cel ls  of  a  pre-determined size .  Each cel l  can then be coloured 

based on its  ampl itude and a  selected colour scale.  As  with  a  

contour plot ,  care is  required as data wil l  be presented as  an 

interpolated surface,  creat ing a misleading impression of  the 

integr ity  of  datasets  col lected with  a  wide l ine spacing.  G ridded 
data are useful  for  considering  data over  a  wide area a nd for  
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examining anomaly  distr ibution,  but  do not  display  small  features 
or feature shape well .  The gridded values ( i .e .  the value f rom wh ich 

the colour  is  derived)  can be based on several  d if ferent  inputs from 

the processed data,  th e most common being Total  Field,  Residual ,  

Alt itude,  and where calculated the Analyt ical  Signal .  The 
assessment  of  an a lt itude grid  is  especial ly  useful  to  identi fy  
graphical ly  where the alt itude has not met the speci f ication.  The 
gridding of  data wil l  result  in  averaged, and in some i nstances 

interpolated data,  and therefor e th e process  and th e result ing  
l imitations must be understood.  As with the graphical  presentation 
of  individual  records,  diurnal  variat ion and regional  geological  
variat ions should be removed so a  normalised background value is  

presented.   When gr idding data,  the  f irst  value that  needs to be 

considered is  the along track dist r ibution of  records,  or  th e 

resolution,  which  wil l  typical ly  be between 0 .5 m and 0 .2  m . This  is  

the minimum cell  size  that  should be used to av oid over  

interpolat ion of  data .  The second value is  th e across t rack 
resolution,  which  is  equivalent  to  the l ine space.  Considerat ion 
must be given to the fact  that  with wide l ine spacing data wil l  be 
interpolated between l ines,  creat ing a  false visual isat ion of  the 

actual  anomaly.  When dea l ing with narrow l ines  spacing (c.  2 .0 m) ,  

or  that  col lected with a mult i  sensor  array,  gridding at  1 .0  m wil l  
produce a  largely accurate map of  anomal ies ,  and th eir  posit ions.  

Fi gu re 3 7:  
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Processed outputs 

The culminat ion of  the data processing is  the output of  del iverables  

in relat ion to the meth od statement  (Section 10)  from which  
interpretation can be undertaken.  Th e workf low to produce outputs 
wil l  vary  depending  on the processing  software but a l l  industry 

standard software sh ould have th e fol lowing opt ions .  To note,  not  al l  
may be useful  or  applicable to the project  but  are included here for 
completeness.  

Processed Magnetometer data 

At a minimum, processed m agnetometer  should be exported as 

del ineated ASCII  f i les ( .txt ,  .csv ,  .asc,  etc .) .  The data should be 
exported with each individual  l ine as a separate f i le ,  with each f i le  
containing  at  a  minimum the fol lowing data:  

◼  l ine identi f ier  or  name  

◼  start  t ime and date  
◼  stop t ime and date  

◼  start  posit ion  
◼  stop posit ion  
◼  Alt itude  

◼  Depth 
◼  Total  Field  (nT)  
◼  Residual  (nT)  

 

Lines should be exported and either  suff ixed with an identi f ier  (such 

as _PROC) to show they have been processed or  exported to a  folder 
clearly  identi fy ing processed data.   

Interpolated contour plots 

Interpolated two-dimensional  contour  plots should be archived  as  

industry standard  .shp f i les,  with vector  information relat ing  to the 
amplitude of  each contour.  Three -dimensional  contour plots  sh ould 

be exported as a del ineated ASCI I  x,  y ,  z  f i le  (where x and y  relate to 
the posit ion,  and z th e amplitude)  ( .txt ,  .csv,  .pts,  .asc,  etc.) .  

Interpolated data should be exported and ei ther suf f ixed with  an 
ident if ier  (such as  _IN T)  to  sh ow th ey have been interpolated or 
exported to a  folder clearly identifying  i nterpolated data.  Data 

should be archived along with  appropriate metadata detail ing  
processing  f lows.  

Gridded data 

Gridded data should be archived in a non-proprietary  format .  

Typical ly ,  eith er  as a del ineated ASCI I  x ,  y ,  z  f i le,  wh ere x  and y  relate 
to the posit ion,  and z the variable alt itude or ampl itude ( .txt ,  .csv ,  

.asc,  etc.) ,  in grid  format ( .grd,  .grid ,  etc .)  or  as a georeferenced 

raster  to  enable use within GIS  software .  A  geoTi ff  is  the preferred 
format .  Two types of  georeferenced raster  can usually be exported,  
one without  z  data (amplitude or  alt itude) ,  and one with z  data.  

◼  Rasters  with out z  data –  rasters  without  z  data,  wh ere each pixel  

has an RGB colour,  wil l  be a  reproduction of  the surface displayed 
during  visual isation and wil l  include the colour scale  selected.  As  
the image does not  contain z  data a  scale  must  be exported 

alongside the image,  and preferably  as  a  separate image f i le .  
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◼  Rasters  with  z  data  –  rasters  with  z  data,  or  f loating -point  rasters  
where each pixel  has  a  z  value,  are the preferred format .  The z  data 

within th e raster  al lows for  the manipulation of  colour scales,  

shading,  etc .  within  GIS software and can aid  interpretation with  

the abil ity  to  be able alter  the image presentation depending  on 
scale.  

 
Whilst  . t i f f  is  the preferred output for  both  raster  types,  other 

industry standard formats such as  . f l t ,  are  acceptable and when 
receiving  data from a third party  and wil l  depend on  the specif ied 
data output of  the commissioning organisat ion.  Surfaces can also be 
exported in  proprietary formats;  however,  th is is  not  encouraged for 

data th at  wil l  be used outside of  the organisation collecting  the data  

and should not  be used for  archiving .  

Tracklines 

Exporting t rackl ines of  the magnetometer  and/or  the vessel  wil l  

result  in  data of  a  small  f i le  s ize that  can used within  a  GIS  to  
establ ish  the extents  of  the survey,  measure l ine spacing,  and 
compare the actual  survey with the planned survey.  Trackl ines 

should be archived  as  industry standard .shp f i le s.  
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7 Sub-bottom profiler 
Sub-bottom profiling, or seismic reflection, uses low frequency 

sound waves (generally below 12 kHz) to image geological features. 
This includes sedimentary layers, oil and gas fields, and bedrock 

beneath the seabed, as well as buried infrastructure such as 

pipelines, and more recently features such as shipwrecks and pUXO. 
Seismic reflection as a technique has been used for sub surface 

investigation since the 1920’s, with significant technological 

advances in the 1960’s and 1970’s increasing the use within offshore 

industries. The development of the technique has largely been 
driven by the hydrocarbon industry in the prospection for oil and 

gas. Where other geophysical techniques such as multibeam 

bathymetry and sidescan sonar use high frequency acoustics 
(generally above 100kHz) to visually reproduce the surface of the 

seabed, sub-bottom profilers use the lower frequency acoustics to 

penetrate past the seabed, mapping changes in sub-surface 

composition. 

As noted, this section of the guidance is intended to provide an 

overview of the technique, and the application within marine 

archaeology. As will be seen, the overall technique is broadly 
consistent in its operation, but the range of equipment varies greatly 

depending on the required outcomes, predominantly in relation to 

depth of penetration and resolution.  

Uses 

Within archaeology the predominant use of  the sub-bottom profi ler  

is  within  the assessment and interpretation of  th e palaeolandscape,  

in part icular  the ident i f ication of  geological  units with favourable 
environmental  condit ions for anthropogenic  occupation within th e 
Quaternary  per iod (wh ich covers th e last  2.6 mil l ion years ) .  Th e 

Quaternary  is  divided into two epochs;  

◼  the Pleistocene (2.6 mil l ion to 11.8k  Before P resent  (BP))  
◼  the Holocene (11.8k  BP to present)  

 

Arch aeological ly  these are the periods of  interest  as  they span the 

per iod of  hominin  activity in Northern Europe.  Whilst  subject  to  
separate guidance,  and therefore not  included h ere,  the 
archaeological  assessment of  sub-bottom profi ler  data should be 
informed where possible by th e results  of  geotechnical  

investigations.  

 

Whilst  a  less common application,  sub-bottom profi l ing techniques 
can have oth er  uses  within archaeology that  can include ;  th e 
locat ion of  bur ied features  identi f ied in  magnetometer  data;  the 

ident if ication of  bur ied features not seen within other datasets ;  th e 
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establ ishment  of  extents of  part ial ly  buried features,  and using 
certain  techniques the three -dimensional  modell ing  of  sub -surface 

features.  

How it works 

Acoustical ly ,  th e sub-bottom profi ler  is  in  essence a type of  
singlebeam echosounder ,  operating at  a frequency low enough to 

move (propagate)  through the water column and th en past  the 
surface of  the seabed.  Here it  interacts with sub -bottom condit ions 
to create ref lected energy that  is  th en propagated back to a  l istening 
device  (receiver)  also at ,  or  near  the sea surface.  The amount  and 

distr ibution of  th e reflected energy is  control led by  contrasts  in  

acoustic  impedance th at  is  a funct ion of  the acoustic  velocity  and 

density  of  the material  (sediment)  through which it  passes.  The 

boundary in acoustic impedance contrast  is  cal led a seismic reflector 
which is  typical ly  a layer  that  is  associated with a  sedimentary 

boundary or  it  could be a point  reflector  su ch as  a  discrete buried 
object ,  for  example a  boulder  or  anthropogenic  feature.   

Types of sub-bottom profiler 

Sub-bottom prof i l ing  systems have either  co - located transmitters  

and receivers  or consist  of  a  separated t ransmitter  and acoust ic  
receiver or  series of  receivers  (hydrophones) .  There are several  

dif ferent  methods for creating  the acoust ic  energy,  namely  ch irp,  

parametric,  pinger,  bubble pulser,  boomer,  sparker and airgun 

sources.  In  general ,  th e choice of  a part icular system is  made based 
on the desired penetration depth  and resolut ion of  the tar get  sub-
bottom features.  Penetration and resolution are a  func tion of  the 

system itself  and the nature of  th e sediment  through which  the 
acoustic  energy  penetrates.   

 
Control l ing parameters of  the transmitter include the output  power,  

the s ignal  f requency and the acoust ic  pulse length.  In  general ,  
increased output power  gives  greater  penetration into the substrate 
however  shallow water and coarse grained or hard substra tes  can 

result  in  noisy data with mult iple,  repeat  reflect ions.  The attenuation 
of  acoustic energy,  and therefore bottom penetrat ion,  is  inversely 

related to f requency (Stoker  et  al . ,  1997) .  Lower  f requency ( longer  
wavelengths)  and longer  pulse lengths res ult  in  greater  penetration 
but with lower resolution ,  and thus less  chance of  d iscrimination 
between adjacent,  thin reflectors.  Higher frequency signals  have 

shorter  wavelengths which are more easi ly  absorbed and thus 

penetration is  general ly  less,  however th ey can often discriminate 
f iner  sub-surface layers .  In  general ,  the coarser -grained a mater ial  
the more it  absorbs energy  and frequency.   
 

Recording th e acoustic energy  is  accomplish ed by co -located 

piezoelectric receivers  for  the high -resolution sonar ,  with separate 

piezoelectric elements  usually towed in a single hydrophone or a 

str ing  of  mult iple  hydrophones for th e lower  resolution sonar.  

Occasionally ,  the use of  an array  of  hydrophones is  used to acquire 
mult i -channel  data similar  in  nature to  that  acquired for  oi l  and gas 
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exploration ,  h owever  this requires  a  more complex acquisit ion setup 
and processing of  the data.   

 

Each  type of  sub-bottom prof i ler  wil l  have character ist ics  that  can 
aid  in  the outcomes of  the survey,  but  there wil l  always be a  trade- off  

between resolution and depth of  penetration.  Part icularly  with  

surveys  undertaken to inform marine development,  there may be a  
requirement to col lect  a  high resolution,  shallow penetration 
dataset,  alongside a  lower  resolution,  deeper  penetration,  dataset.  

The operat ing parameters  of  the common sub-bottom prof i lers  are 

given in  the table below, and the operat ional  character ist ics  in the 

fol lowing bull et  points :  
 

System Type Pulse Type Operat ing  

Frequency 

Penetrat ion 

Range  

Typical  

Resolut ion  

Mount  

Conf iguration 

Pinger  Single  2 -  20 kHz 3.0  -  30m  0.1  -  0 .3  m Vessel  or  tow  

Chirp  Swept  2 -  20 kHz 5.0  -  50  m  0.  05 -  0 .3 m  Vessel  or  tow  

Parametr ic  Dual  

inter ference  

2 -  22 kHz  5.0  -  50  m  0.05 -  0 .2  m  Vessel  or  tow  

Boomer  Single  0.2  -  6  kHz  10 -  100 m  0.2  -  0 .5  m Tow 

Sparker  Single  30 -  300  Hz 10 -  800 m  0.3  –  1 .0  m  Tow 

Airgun  Single  10 -  300 Hz  10 -  5,000 m 0.5  –  1 .0  m  Tow 

 

◼  Pinger -  The pinger type sub-bottom profi ler  operates  with an 
energy  source of  between 10  -  60  Joules (J)  at  f requencies  typical ly  

between 2  kHz and 20 kHz.  The energy is  produced by electrical  to  

mechanical  transformation and f lexing  of  a piezo -electric crystal .  

Pingers can be deployed eith er  as single units or  as  mult i -unit  
arrays  and mounted e i ther on a  towed sledge or  as a hull -mount.  
Penetration depths are typical ly  up to tens of  metres  with  
decimetre resolution.   
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◼  Chirp -  A chirp system transmits a sweep of  f requencies typical ly  in  
the range of  2 to 20  kHz in  a  single pulse.  Each pulse has a much 

longer length than with a pinger  and thus ,  despite  their  relat ively  

low-energy output  per  pulse (6  -  64  J) ,  a  greater  total  amount  of  

energy  can be imparted to the s ignal .  Furth er,  because the long 
signal  is  compressed by a  process  of  cross - correlat ion,  improved 
signal  to  noise rat ios  al low for  resolut ion down to approximately  
0.05  m.  The sonar is  typical ly  deployed on a  towed sledge with 

separate towed hydrophone receiver ,  however  in  some 
circumstances systems can also be deployed as hull -mounted 
systems.   

◼  Parametr ic  -  Parametric echosounders are dual  frequency profi lers  

where two signals  of  sl ightly dif ferent  f requency are broadcast  

simultaneously .  The interference between the signals  produces a  

low frequency s ignal  that  can ‘carry’  the higher frequencies  and 

thus higher  resolution data (decimetre)  can be generated at  greater  

distances from th e source than would be typical  with oth er  
systems.  An addit ional  advantage of  the parametric sonar  is  that  
the s ignal  is  v irtual ly  s idelobe f ree ,  thus reducing the r ing ing 
effects  observed with other  systems in shallow water.  The systems 

can be towed however  most  are hull -mounted.  The quality and 

resolution of  data typical ly  associated with parametric sub-bottom 
prof i lers  means their  use is  becoming increasingly common within 

archaeology,  part icularly in  the assessment of  buried shipwrecks.  
◼  Boomer  -  Boomer plates  discharge energy  stored in a capacitor  

through a  coiled spr ing act ing against  a  copper  plate.  Th is  

produces a compression wave that  travels through the water.  The 

plate is  mounted on a  towed, f loating  sled behind the survey 
vessel .  Typical ly,  a  s ingle plate system is  used however,  i f  further 
energy  is  needed then this can be gained using mult iple plates.  

Energy  is  recorded by a towed hydrophone array.  The boomer 
system operates  with  an energy  source of  between 50 J  and 300 J  at  

frequencies  up to approximately  6  kHz with  typical  penetration 
depths of  up to 100  m when penetrat ing f ine grain  sediments  (e .g.  

si l t -sand)  and a  penetration depth of  up to 50 m wh en penetrating  
coarse grain  sediments (e.g.  gravel) .   

◼  Sparker  -  As its  name suggests  a  sparker  system discharges an 

extremely  high electric charge stored in  a  capacitor  bank across  an 

electrode in  the water .  The discharge produces a  vapor  bubble 

which rapidly  expands then collapses ,  making an acoust ic  pulse of  
frequencies  between 30 Hz and 300 Hz.  Sparkers  can be operated 

either as  s ingle  electrodes or  electrode arrays ,  however th eir  use 
for  archaeology is  l imited due to the relat ively low frequency and 

resolution of  0.5 m or  greater .  
◼  Airgun  -  An airgun source consists of  one or  more pressur ised 

chambers  that  release compressed air  as  a  bubble that  then 

collapses to  produce the energy.  Airgun operations require large ai r  
compressors  in  addit ion to the electronic  control  systems and are 

usually  operated in  arrays  together  with  mult iple  hydrophon e 

receiver elements.  Typical  f requencies  of  between 10 Hz and 300 Hz 
are possible thus penetration to ki lometres  in the sub -surface.  
Airgun arrays  are used mainly for  hydrocarbon explorat ion of  

deeper targets  than th ose of  archaeological  interest .  
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Resolution 

The assessment of  resolution ,  with regards to sub-bottom should 
consider  the vert ical  resolution and the horizontal  resolution.  Not ing 

that  the predominant  factor behind the suitabil ity  of  a  system is  
l ikely  to  be the depth of  penetration.  

Vertical resolution 

Vert ical  resolution is  the abil ity  of  th e system to resolve individual  

and closely spaced ref lectors ,  or  hor izons.  The vert ical  resolution is  
determined by th e pulse length,  and the frequency or wavelength.  As  

a general  rule of  thumb, indiv idual  units  can be resolved with ¼ to ⅛  

of  th e dominant wavelength (Widness,  1973) .  High frequency systems 

can typical ly  achieve a  vert ical  resolution <0.3  m,  and low frequency 
systems <1.0 m.  

Horizontal resolution 

Horizontal  resolution,  and indiv idual  target  discrimination,  is  
dependent on th e beam footprint ,  with a smaller  beam footpr int  

result ing in h igher  hor izontal  resolution.  Higher frequencies  and 
longer arrays  produce narrower beams and thus the highest  

horizontal  resolution data (smallest  footprint)  wil l  require  a  long 
array of  high frequency transducers .  Much in  the same way as a 

singlebeam echosounder ,  or  mult ibeam ech osounder ,  th e h orizontal  

resolution wil l  decrease with  depth because of  the conical  nature  of  

an acoustic  wave.  

 
These l imitations are part ial ly  addressed with the use of  parametr ic 
sonar that  uses  a  non -l inear  acoustic signal .  

Ping rates and vessel speed 

Ping rate,  or  the frequency at  which a profi le  is  taken,  is  the 

measured in  Hz,  with a  higher  ping rate increasing  the along t rack 
data density .  Ping rate wil l  be governed to some degree by  water 

depth,  but  also the system selected.  Although it  var ies grea tly,  

parametric sub-bottom profi lers can achieve ping  rates  of  up to 
50 Hz.  The required ping rate wil l  depend on  the aims of  the survey,  

for  the high -density  survey of  a  buried shipwreck,  ping  rates  should 

be kept  high,  for  th e assessment  of  the palaeolan dscape th ey can be 
lower but  should aim to achieve a  prof i le  at  least  every  meter.  A 

Fi gu re 3 9:  

Para m etr ic  su b -

bot to m p ro f i l er .   

©  I n no mar 

T ec h no lo gi e Gm bH  

 



 

Page | 90 

 

survey speed of  4 .0 knots,  and a ping rate of  2 .0  Hz wil l  equate to  an 
along track distance between profi les of  approximately 1 .0  m.   

Ancillary equipment 

The collect ion of  high  quality,  and accurate,  sub-bottom profi ler  
data requires  data col lected by  several  other  external  sensors.  

Tidal corrections 

Where the sub-bottom profi ler  is  mounted to the vessel ,  the 

distances to  the seabed (the f irst  return)  are calculated as  distances 

from the sub-bottom prof i ler  and  are directly  related to th e surface 
of  th e waterbody on which the survey is  being undertaken .  Therefore,  
the effect  of  r ising  and fal l ing  t ides  needs to  be accounted for to 

ensure correlat ion of  the resultant  data.  The greater  the t idal  range ,  

the greater  offset  there wil l  be in  the data ,  both between th e start  
and end of  a l ine and between adjacent  l ines.  The most common 

methods for  t idal  correction s are the use of  t ide gauges deployed at ,  
or  close to,  the survey site  and permanent  gauges which  can be 
located in  ports  and h arbours and the use of  RTK h eight  corrections 

(Section 3) .  Tide gauges record t ime and pressure with pressure 

increases indicat ing a r is ing t ide and pressure decreases a  fal l ing  

t ide.  The result ing  data can then be applied to the sub-bottom 
prof i ler  data.  RTK corrections,  where available,  negate the need for  a  

t ide gauge ,  with h eigh t  correct ions either  applied to the data in  real  

t ime or  logged and applied dur ing  processing.  

GNSS and motion sensors 

GNSS and motion sensors  are detailed in  Section 3 ,  however th eir  
importance is  highl igh ted h ere due to the detrimental  impact  poor  

posit ioning and motion data wil l  have on sub-bottom prof i ler  data.  
Where the system is  mounted to the vessel ,  the posit ion of  th e 

result ing data wil l  depend on  the posit ion and the  motion of  the 
vessel .  I f  the three -dimensional  orientation of  th e vessel  is  not  
known,  or  not  applied to the data,  this  wil l  result  in  mis -calculated 

depth posit ions due to slant  range deviat ions.  This  is  appl icable to  
both vessel  mounted and towed systems ,  however,  the effect  is  

exaggerated wh en the system is  mounted to the vessel .  
 
Motion can occur  due to both  wave and swel l  inter ference.  

Histor ical ly .  data has been f i l tered for  swell  using software 

algorithms however  in  shallow water  or  in  situations with  complex 
(confused)  seas ,  typical ly  experienced in  near shore survey,  th en 
measuring th e actual  motion of  the source and receiver wil l  result  in 
higher quality  data.   

Limitations 

Sub-bottom prof i ler  is  the only  technique that  al lows the visual  
representation of  features  below the seabed, and th erefore is  a  

requirement for surveys wh ere th e aim is  the interpretation of  the 
palaeolandscape.  Whilst  oth er  techniques may have opt ions for  both 
the survey industry,  and recreational  users ,  this is  less  so with sub-
bottom profi lers .  Alth ough there are cheaper systems available,  th ey 
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are st i l l  typical ly  signi f icantly  more expensive tha n a  comparable 
cheaper  Sidescan Sonar or  Magnetometer.  Another  l imit ing factor  is  

the training  and exper ience required to undertake not  only th e data 

acquisit ion,  but  th e eventual  interpretat ion ,  which can be a  more 

complex and  involved process  than with th e other  techniques.  
 
When considering  a  sub-bottom prof i ler  survey,  the fol lowing 
l imitations should be noted.  

Mobilisation 

The dif ferent  ways in  which a  sub-bottom profi ler  wil l  be mobil ised 

wil l  depend on  wheth er the system is  mounted directly  to  the vessel ,  
towed on the surface,  or  towed above the seabed. Wh ere the sub-
bottom profi ler  is  mounted to the vessel ,  the mobil isat ion can be 

complex,  part icularly  on vessels  of  opportunity ( non-survey  vessels) .  

Instal lat ions wil l  require  the sub-bottom profi ler ,  the GNSS 
antennas,  and th e motion sensors  to  be f ixed in  relat ion to each 

other  with  of fsets  precisely known,  and th erefore bespoke mounts 
are often required ,  and in  some instances,  modif icat ions may need to 
be made to the vessel  to accommodate th e equipment.  Depending  on 

the equipment,  this  may preclude th e use of  smaller  vessels  such as 
Rigid  Inflatable Boats  (RIBs) .  The quality of  the instal lat ion wil l  have 
a direct  bearing  on th e quality  of  th e data and permanent  instal ls  are 

l ikely  to  y ield  better results .  

 

Where the system is  towed,  considerat ion sh ould be g iven to th e size 
of  th e vessel  required,  a  small  system can weight upwards of  30  kg  in  

air ,  with weights  and towing requirements  increasing signif icantly for 
larger systems.  The weights and sizes of  some of  the towed 

equipment may mean that  launch  and recovery  systems,  A -Frame,  
winches,  etc. ,  may be required to enable deployment .  

Positioning 

When using a towed system,  it  wil l  be susceptible  to  external  factors 
such as  currents ,  which can alter  the calculated posit ion wh en 

layback calculations are used to determine the posit ion.  D eeper  
water  and large amounts of  tow cable can further  reduce the 

accuracy of  layback  calculations.  To accurately  determine the 
posit ion ,  an Ultra  Short  Basel ine (USBL)  system should be used.  
Addit ionally,  towing the sub-bottom p rofi ler  perpendicular  to  the 

direction of  the current,  wi l l  not  only  skew the posit ion of  th e tow 

f ish  in  relat ion to the tow point ,  but  can also cause the tow f ish  rol l  
and pitch.   

Weather 

Sub-bottom data acquisit ion is  very  susceptible to th e ef fects  of  
weather,  typical ly  more so with  vessel  mounted systems than towed 

equipment as  the motion of  the vessel  di rect ly impacts th e 
equipment.  And whilst  the data posit ion is  corrected using  a  moti on 

sensor ,  th e quality  of  the recorded data are l ikely  to  be poor  in bad 
weather,  and potent ial ly  fal l  outs ide the specif ications of  th e survey 
in regards the abil ity  to resolve features.  
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Survey planning 

Whilst  survey planning,  in relat ion to speci f ications,  is  covered in  
Section 9  the fol lowing should be considered dur ing th e survey 
planning process  to  ensure the optimal  qual ity of  data.  

Equipment selection 

The equipment  selected should be based on the abil ity  to  meet  the 
objectives  of  th e survey  and due to the wide range of  sub-bottom 

prof i ler  systems available this should be given careful  consideration.  

Where the selection of  the most  appropriate equipment is  not  ful ly  
understood,  then advice should be taken.  There are however  some 
general  considerations;  

◼  Penetrat ion vs  resolution  -  In general  terms the higher th e 

resolution,  the shallower  the effect ive penetration.  The objectives  
of  th e survey wil l  determine which system is  suitable.  However,  i t  

may be that  there is  a requirement for th e use of  two systems,  a  low 
frequency system to achieve the required penetrat ion,  and a  high 
frequency system to achieve a  higher  resolution in  the uppermost  

section.  

◼  Depth of  water  and environment  -  For towed equipment ,  th e deeper 

the water  the more tow cable wi l l  be needed to ensure the correct  
alt itude of  th e tow f ish,  and typical ly  the heavier th e tow f ish 

required to ensure stabil ity.  At  depths of  water  exceeding 25 m the 

addit ional  weight of  c able and drag through  the water  is  l ikely  to  
require  a  winch  to safely  deploy and recover  the tow f ish.  Current,  

and/or  poor sea states,  may require the use of  h eavier equipment  
to minimise th e impact to  data quality.  

Line planning 

Survey l ine spacing sh ould be planned to meet th e objectives  of  the 

survey Section 12.  However,  unl ike sidescan sonar  and mult ibeam 
bathymetry ,  l ine planning is  designed to achieve the distr ibution of  
two-dimensional  sl ices required to meet  the object ives,  rather  than 

visual  coverage.  Th e l ine spacing wil l  typical ly  depend  on the s ize of  
the target  geological  feature,  or  indeed a  more modern feature such 

as a buried shipwreck.  As a general  guide,  and as discussed in  

(Section 9) :  wide area landscape,  or prospection,  survey l ine spacing 
can range f rom 50  m to upwards of  100 m,  with cross  l ines  at  10  

t imes the mainl ine spacing .  Targeted surveys  of ,  for  example,  buried 

shipwrecks or  buried occupat ion s ites,  may require  l ine spacing of  a 
few metres to upwards of  10 m ,  dependent on the s ize of  the feature.  
Cross l ines  (or  t ie  l ines)  are required to ensure that  interpretations 
made across  l ies  can be t ied together to ensure an accurate 

representation of  the feature.   

 
Where possible  l ines should be planned to run;  

◼  Perpendicular  to th e or ientat ion  where the orientation,  or  the 
structural  grain,  of  the geology or feature is  known .   

◼  In straight  l ines ,  with turns being undertaken outside of  the survey 

area.  The quality  of  th e result ing  data wil l  depend on  the abil ity  of  
the survey vessel  to maintain  straight  l ines  during data acquis it ion .  
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◼  Paral lel  with th e direction of  the current  to minimise th e impact  of  
cross  currents  on the posit ion,  stabil ity,  or  heading of  th e tow f ish 

or vessel .  Th e abil ity  of  the survey vessel  to maintain  a  st raight  

l ine,  and fol low l ine plans,  wi l l  be reduced when travel ing  

perpendicular to th e current .  
◼  Paral lel  with th e seabed topograph y  as far  as possible and with 

equipment towed at  a  set  alt itude above the seabed, to avoid 
changes in alt itude over  the course of  the l ine.  In  areas of  shal low 

water ,  and along th e coast ,  survey  l ines  should be run paral lel  to  
the sh ore and working f rom deep t o shallow to minimise th e r isk  to  
the equipment.  Shallow water  surveys  should aim to undertake the 
shallowest  areas at  the per iod around high t ide.  

◼  At a  constant  speed , typical ly  c .  4  knots,  however  manufactur ing  

speci f ications should be adhered to,  and some systems wil l  be able 

to operate at  higher  speeds.  In some instances,  i t  may not  be 

possible for  the survey vessel  to  maintain  a  consistent  heading at  a  

low speed and this instance considerat ion should be given  to 
running al l  l ines  into the current to increase steerage .  

◼  A constant  alt itude  should be maintained for t owed equipment.  To 
ensure opt imal  data quality th e length  of  tow cable sh ould remain 

constant on each l ine,  however large changes in topography may 

mean that  adjustments need to be made.  

Calibration 

Prior  to  the commencement  of  the survey cal ibration cert i f icates  of  

the equipment ,  i f  appl icable,  sh ould be checked and confi rmed they 
are in  date.  Cal ibration intervals  wil l  be determined by the 

manufacturer .  
 

For towed equipment,  and prior  to  deployment the system should be 
ful ly  mobil ised on deck and al l  inputs  into the acquisit ion software 

conf irmed (this can include GNSS,  USBL ).  Th e method for checking 
operation var ies between manufacturers  and instruct ions should be 

fol lowed, prior  to,  or  as part  of  the deployment process.  I t  should be 
noted that  some systems require  immersion in water wh en in  use to 
avoid damage to the equipme nt,  and th erefore a  dry test  is  not  

always possible.  

 

Vessel  mounted systems should be ful ly  mobil ised with th e survey 
vessel  alongside,  the GNSS and the motion sensor  f ixed in  place,  and 

the sub-bottom profi ler  deployed and secured in  the survey posit ion.  
Offsets  should be measured as  accurately  as  possible,  and for  

permanent  instal lat ions th e use of  a total  stat ion should be 

considered.  In  their  simplest  form th e of fsets are the measurements 
between each  sensor  (Section 3)  and in  relat ion to th e centre of  
gravity  of  the vessel .  However ,  dif ferent  offsets wil l  be required to be 
input into both the acquisit ion and posit ioning  software and care 

should be taken to ensure measurements  are correct ,  th e 

requirement of  the software is  met  and the correct  +/ -  value is  used.  

Al l  systems sh ould be turned on and al l  inputs into th e acquisit ion 

software confi rmed.  
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Cal ibrations are general ly  required for  the posit ioning and mot ion 
system in relat ion to the offsets between the motion sensor and the 

GNSS antennas.  Cal ibration of  th e posit ioning and motion system is 

typical ly  performed by performing a  range of  vessel  movements  at  

sea,  with th e software calculating  any errors in offset  measurements,  
and th e of fset  measurements  adjusted accordingly.  
 
Whilst  not  str ict ly  cal ibration,  acquis it ion sett ings wil l  need to be 

adjusted during  mobil isat ion to ensure the optimal  data .  S ett ings 
can include those related to frequency,  power,  pulse length,  range 
lengths,  and gain,  but  not e that  some wil l  af fect  the recorded data.  
Al l  acquisit ion sett ings,  and adjustments  made during  the survey,  

should be recorded.   

Survey outputs 

Sub-bottom prof i ler  data are recorded digital ly  during  

acquisit ion and,  depending on the manufacturer ,  wil l  
general ly  either be in  SEG -Y format ,  or  a  proprietary format 
which wil l  have a  f i le  extension unique to the manufacturer .  

Each  survey l ine sh ould be recorded indiv idually,  with  

acquisit ion stopped pr ior  to  the start  of  turns,  and started 
fol lowing the compl etion of  the turn.  Data f i les  wil l  include ,  

at  a  minimum , the acoustic  data,  and the posit ion of  each  
ping.  Whilst  largely an automated process,  f i les  wil l  general ly  

(and should)  include;  

◼  l ine identi f ier  or  name  

◼  start  t ime and date  
◼  stop t ime and date  

◼  start  posit ion  

◼  stop posit ion  

 
I t  is  important to understand wh ere th e posit ion stored in th e f i le 
relates  to  for  towed systems . D epending  upon how the system is set  

up,  this can be the GN SS antenna posit ion,  the tow point  (defined 
through of fsets  in  the acquisit ion software) ,  or  th e posit ion of  the 

sub-bottom profi ler  calculated through layback,  input  during  

acquisit ion,  f rom th e tow point  or recorded f rom a USBL system.  

Irrespective of  the posit ioning system used,  the length of  cable out  

should be recorded separately ,  and outside of  th e acquisit ion 
software,  for  each  l ine.  

 
Fi les may also include;  

◼  layback 
◼  GNSS/or tow point  posit ion  
◼  corrected posit ion  

◼  real  t ime gain  adjustments  –  to  note,  data sh ould be exported with 
no gain  adjustments applied.  Whilst  real  t ime gain  adjustments are 

useful  for  data v isual isation dur ing data acquisit ion,  they sh ould 

not be permanently applied to the export  data  
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I f  col lected in  a  proprietary format the data should be exported as  
SEG-Y f i les.  The data should be exported with each indiv idual  l ine as 

a separate f i le.  

Quality control 

Prior  to  the commencement  of  data processing,  th e data sh ould be 
subject  to a process  of  quality control .  The process should establ ish 

the qual ity  of  the data,  in relat ion to suitabil ity  for  archaeological  
interpretation,  and wh ether  the objectives  of  the survey have been 
met.  Whilst  data suppl ied by  a  survey contractor ,  typical ly  in  relat ion 
to marine development,  wi l l  have been through a process  of  quality  

control  i t  is  st i l l  important that  this  is  undertaken pr ior  to  any 

addit ional  processing  and interpr etation.  Th e results  of  the quality  

control  assessment should be presented in the survey report  (Section 

14) .  
 

The quality  control  process  should be ongoing .  Issues with  data may 
not become apparent  unti l  the interpretation phase when each  l ine 
of  data are  viewed individually.  The process  for  qual ity  control  wil l  

depend on  the workflow of  th e organisation undertaking th e work,  as 

well  as  the software being used,  but  at  a minimum the fol lowing 
should be considered .  

Data quality 

◼  Penetrat ion  -  Has the survey achieved the required level  of  

penetration and is  i t  possible  to  resolve horizons and features  
extending to the depth of  interest .  Wh ere th e speci f ication was to 
be able to  resolve complex units,  and sub -units,  can this  be 

achieved?  
◼  Does the data show signs of  external  influences  such as poor 

weather or  sea state?  
◼  Does the data show signs of  interference from oth er  equipment  

including from simultaneous surveys  ( i .e .  mult ibeam bathymetry ,  
s idescan sonar ,  or  oth er  sub-bottom prof i lers) ,  vessel  engines,  or  
vessel  equipment such  as  echo sounders?  

◼  Does the data have any oth er  issues  which may af fect  th e abil ity  to 
undertake archaeological  interpretat ion?  This can include,  but  is  

not  l imited to,  th e presence of  natural  or  geological  features  
including sandwaves,  gas blanking  (shallow gas restr ict ing  
penetration) ,  etc.  that  may impact  the penetration (part icularly  
high frequency systems)  or cause acoust ic  sh adow.  

Positioning and navigation 

◼  Whilst  raw navigation data ( including th at  embedded within  the 

sub-bottom profi ler  data)  wil l  usually  require some smoothing 

during  processing ,  the general  t rend should be assessed for 
irregular it ies  including large spikes,  missing  data,  or  notably  wrong 
posit ions.  This can include ensuring  the data has been recorded in  

the correct  coordinate reference system , both in  relat ion to th e 

area ( i .e.  correct  UTM Zone)  and as  presented in  the survey details .  

◼  Have the correct  layback and/or offsets  been recorded ? This can be 
achieved through the assessment  of  th e horizons identi f iable on 
mult iple l ines  of  data.  Broadly  speaking ,  large of fsets  along t rack  
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indicate layback or  tow point  of fset  errors,  and offsets across  track  
indicate tow point  offset  errors.  However,  th e ef fects  of  currents,  

both along t rack  and across  track,  can cause errors .  As such,  

wherever possible towed sub-bottom profi lers  should be posit ioned 

using USBL. Wh ere mult ibeam bathymetry  is  available this  can be 
used to correlate  with the seabed as identif ied with  the sub-bottom 
prof i ler  data .  

Coverage 

◼  Has th e survey achieved the required coverage,  both in  term of th e 

survey area and the l ine spacing ?  Most  commercial ly  available and 

industry standard processing  software wil l  p lot  the data as  l ines ,  
alongside a  shapefi le  of  th e survey area ,  to  enable an assessment 
of  coverage .  

 

The quality  control  process  should highl ight,  and record,  areas 
where the data does not meet  the specif icat ion of  the survey.  

Processing 

Prior  to  processing ,  a backup of  the raw,  or ‘as suppl ied’,  data 
should be created  as some software used wil l  alter  the source f i le.  

Whilst  some software wil l  create a version in  a  proprietary  format ,  
and thus not  alter  the source data,  i t  is  good practise to  maintain  an 

unaltered copy of  th e data.  

 

The primary  purpose of  data processing  is  to  correct  navigational  
and posit ioning errors ,  ensur ing  the data are  posit ioned correctly ,  
and enable the visual isation and measurement of  sedimentary  

changes.  Dif ferent  processing  software wil l  have di fferent  workflows,  
some with  automated options,  and some with software specif ic  

processing  features.  Regardless  of  th e sof tware and th e workflow,  
the overarching process,  or  result  on the data,  wil l  be broadly 

similar .  As such,  a  simplif ied overv iew of  the results  ex pected to be 
achieved is  presented within this section.  Caution,  or  at  least  an 
understanding of  the process  and the effect  on the data,  should be 

exercised wh en using  automated processing  features  or those 

speci f ic  to  individual  manufacturers.  While some features can result  

in data that  looks good, th ey have the potential  to remove data 
which may represent anomalies  of  interest ,  and therefore reduce the 
appropriateness  for  archaeological  interpretation.  
 

The main elements to data processing  which  should be undertaken 

prior to  th e interpretation and export  of  del iverables are as  fol lows;  

Navigation 

Navigation processing ensures  data are  posit ioned correctly ,  both 
relat ively and absolutely.  Whilst  exported navigation data can be 
imported into most processing software,  navigation is  most  

commonly  contained within th e sub-bottom profi ler  data and 

processed as  a  whole .  The workflow of  processing  is  h owever  similar  

for  towed systems.  Navigation data consists  of  a  posit ion and t ime 
relat ing to each sub-bottom prof i ler  record.  Part icularly  with  DGNSS 
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data,  the recorded posit ions won’t  fol low a  straight  l ine and are 
affected by  GNSS inaccuracies,  as  well  as  the h eave,  pitch,  and rol l  of  

the vessel  which won’t  be translated to changes in  posit ion of  the 

sub-bottom profi ler .  As such,  the navigation data should be 

smoothed to provide a  more accurate sub-bottom profi ler  track .  The 
amount of  smoothing required wil l  depend  on the quality of  the 
navigation data,  and the impact  of  factors discussed above.  
Smoothing is  typical ly  undertaken on import ,  and th e aggr essiveness  

of  th e smoothing altered by defining th e number of  records between 
which smoothing is  calculated.  The number of  records should be 
kept as  low as possible to reduce the creation of  art i f icial  sub-
bottom profi ler  tracks.  

 

Fol lowing import ,  th e navigation data should be v iewed and 

assessed for  erroneous data points,  which should be removed. The 

removal  of  erroneous data points  wil l  result  in the interpolat ion of  

the navigation between last  and f i rst  ‘good’ points .  D epending  on the 
number of  erroneous points  there is  th e potential  for  the 
interpolat ion to create an art i f icial  sub-bottom profi ler  track.  
 

Should it  be required ,  layback (or cable out ) ,  and tow point  offsets  

should be appl ied to each l ine of  data and th e result ing  navigation 
corrected f i les  assessed as per th e quality  control  process.  This wil l  

be less  necessary  on large scale  surveys which typical ly  use USBL, 
and thus have corrected sub-bottom  profi ler  posit ions  

Bottom tracking 

Bottom tracking is  fundamental  to  the effect ive and accurate  
processing  and interpretation of  sub-bottom  prof i ler  data  and is  the 

process  of  ident ify ing the f irst  acoustic  return,  and thus the 
boundary between the seabed and water  column. Accurate bottom 

tracking creates  the datum from which depths to  features  are 
measured .  I t  also forms the basel ine from wh ich gain,  water  column 

removal ,  and oth er  corrections are applied and sh ould be 
undertaken,  prior to the application of  image enhancement 
processes.  Bottom tracking can be recorded in real  t ime during  

acquisit ion or  applied during  processing  –  of ten bottom tracking 

recorded  dur ing acquisit ion wil l  require a certain  degree of  re -

interpretation.   
 

The processing of  bottom tracking can be undertaken manually ,  
where the f irst  acoustic return is  identif ied and recorded along each 

l ine of  data,  however ,  most  processing software is  able to  automate 

the process  based on a range of  user  adjustable parameters which  
overal l  tend to be fa ir ly  accurate,  although the better the data 
quality  the better  the results.  With data f rom marine  developments 
often being measured in 1 ,000’s  of  l ine ki lometres,  the automation of  

bottom tracking,  with ongoing monitor ing duri ng interpretation,  is  

the default  option of  most  workflows.  

 

Where motion data has not been collected,  and therefore the motion 

of  th e sensor  has not  been corrected,  the process  of  bottom tracking 
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may include th e use of  a  software based swel l  f i l ter  to  reduce or 
attempt to correct  the impact of  motion on the data.  

Image enhancement 

When sub-bottom prof i ler  data are  visual ised without  any 
corrections made to the data,  there wil l  be a marked di fference in  

the displayed intensity between the f i rst  acoustic  return and th e far  
extents  of  th e range ,  predominantly caused by s ignal  attenuation 
and th e non-l inear  ef fect  of  the signal .  The options for correcting  
and normal ising th e image vary between processing software and the 

appropriateness  of  d if ferent  processes wil l  often depend on the data.  

The most  common processes,  and th e order  in whic h  they are 
applied,  across most processing  software are;  

◼  Band pass  f i l tering  –  The application of  a  band -pass f i l ter  al lows a  
certain  range of  frequencies to pass through while attenuat ing 

frequencies  outside th at  range.  In  the context  of  sub-bottom 
prof i ler  data,  this  f i l ter  is  appl ied to the received acoust ic  pulse to  

remove frequencies outside of  the input  bandwidth.  Typical ly,  the 
application of  band pass  f i l ters is  used to remove noise from the 
data,  both  from th e sensors itself ,  but  also that  or i ginating  from 

external  sources.  
◼  Time Varying G ain  (TVG)  –  As sound travels through the water  

column and the sub -surface sediments,  th e process  of  attenuat ion 

wil l  cause a  reduction in the ampl itude of  th e signal .  The 

application of  TVG al lows for  increases in  gain towards the depth of  

penetration and  decrease s  in  gain  closer  to  the seabed as required 
to normalise the image.  TVG  is  often based on a  non -l inear  graph,  

or curve,  which in  its  most  basic  form is  user adjustable.  I t  should 
be noted that  TVG adjustments  required may alter  along e ach l ine 

of  data which can have an impact to  the overal l  presentation of  th e 
data.  Most  software wi l l  have an option for Automatic  Gain  Control  

(AGC) which aims to adjust  gains across  to the data to result  in  a  
common amplitude.  

◼  Water column muting  –  To reduce water column noise and to aid  
visual  presentat ion ,  th e data above the bottom tracked seabed can 
be muted.  

◼  Stacking  –  Stacking is  a stat ist ical  applicat ion  that  averages the 

values of  records,  e ither  over  a  specif ied distance or  number  of  

records.  Stacked data can either  be presented with  average values  
or minimum/maximum values for  each  record.  

 
Caution should be exercised wh en using  various processing tools and 

f i l ters  that  are available within  most  processing software.  Whilst  th e 

use of  such f i l ters  can produce visually  pleasing images,  the 
incorrect  use can cause degradat ion of  image quality ,  t h e loss or  
alteration of  the source data,  and impact th e appropriateness for 
archaeological  interpretation.  

Visualisation 

The visual isation of  su b-bottom prof i ler  data,  prior to th e 

interpretation of  hor izons and the identi f icat ion of  features 
(Section  11)  is  through  along t rack  cross  sect ions,  or  prof i les .  
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Profi les  wi l l  be viewed as  either  Two Way Time Travel  (TWTT) of  the 
acoustic  s ignal ,  or  the depth,  along th e vert ical  ( y)  axis  and t ime or 

distance on th e horizontal  (x)  axis .  Data are recorded as  TWTT ;  to  

display  the data in  relat ion to depth a  velocity function must  be 

applied.  Th e velocity function must  consider  both th e velocity 
through the water  column and the sub -surface sediments.  
 
For single  receiver  surveys  t he velocity  cannot be measured directly 

and th erefore an assumed velocity  is  typical ly  used .  For  the speed of  
sound though water  th is is  approximately  1 ,500 m/s for  saltwater  and 
1,480 m/s for  f reshwater .  Below th e seabed  and for  saturated 
sediment,  an average velocity  of  between 1 ,500 and 1,800 m/s  is  

used .  The combination of  th e TWTT and th e speed of  sound, al lows 

the depth to be calculated,  and presented.  

 
The two-dimensional  data are used to interpret  reflect ion hor izons 

along the length  of  th e profi le.  Interpretations are digit ised,  along 
with the bottom tracked seabed,  to  give values of  the ident if ied 

horizons (surfaces)  below the seabed, eith er  as depth  or as  TWTT.  
Fol lowing the digit isat ion of  the s eabed and the surfaces,  the two -

dimensional  data can be combined (matching the seabed)  to enable 

the visual isation of  th e data in  three -dimensions.  

 
Should the l ine spacing be suff icient,  the individual  surfaces can be 

interpolated and gr idded to provide cont iguous projected surfaces 

as eith er  raster  horizons or  as  contour grids,  with eith er  depths 
below the seafloor  or  elevations in  true space.  Noting  that  th e wider  

the l ine spacing th e lower  the resolution wil l  be between l ines .   
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Gridded outputs 

Assuming a  suitable l ine spacing,  th e horizon data can be presented 
graphical ly  through  a  process  of  gridding.  The gr idding process  wi l l  
interpolate the horizons between l ines,  creating a  contiguous 

surface,  which  can be displayed in eith er  two or th ree -dimension.  
The gridded surfaces can be exported as  plan view rasters  with  each 

cel l  being  coloured ,  based on th e depth  below seabed and th e 
selected colour  scale.  Unless  the survey l ines are suff iciently  closely 

spaced ,  th e data between the l ines wil l  be an interpolation,  creating 
a false visual isation of  the horizon  However ,  at  a  landscape scale 
this is  typical ly  less  of  an issu e for  archaeological  assessment  than 
the interpolat ion of  say mult ibeam bathymetry data.   

Contour plot 

A contour plot  wil l  interpolate the data between l ines to produce a 
visual  representat ion of  th e data across  the whole survey area,  much 

in the same way as  depths are presented on a naut ical  chart .  Th e 
distance between contours  wil l  depend on  the depth  below seabed 
recorded. Wh ere th e data has been col lected at  a  wide l ine spacing ,  
contour plots  can create a decept ive depict ion of  the data due to 
high resolution data points  along th e profi le  and large areas of  

interpolat ion between the profi les .   
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Processed outputs 

The culminat ion of  the data processing is  the output of  del iverables  

in relat ion to the Method Statement (Sect ion 10) ,  from which  

interpretation can be undertaken.  Th e workf low for  the production of  

outputs wil l  vary depending on the processing software  but  al l  

industry standard software should h ave the fol lowing options.  To 
note,  not  al l  may be useful ,  or  applicable to the project  but  are 
included h ere for completeness :  

Processed sub-bottom profiler data 

At a minimum, processed sub-bottom  profi ler  data should be 

exported in  SEG -Y  format.  The data sh ould be exported with  each  

individual  l ine as  a  separate f i le  containing the processed acoustic 
data.  Lines should be exported and either suff ixed with an ident if ier  

(such as  _PROC) to sh ow they h ave bee n processed or  exported to a 
folder  clearly  identi fying processed data.   

Gridded data 

Gridded data should be exported in  a  number of  formats  depending  
on the use,  typical ly  and preferred is  a  georeferenced raster .  Two 

types of  georeferenced raster  can usually  be exported,  one without  z  
data (TWTT or  depth below seabed),  and one with z  data.  

◼  Rasters  with out z  data  –  Rasters  without  z  data wil l  be a  

reproduction of  th e surface displayed during  visual isation and wil l  

include th e colour scale selected.  As  the image does not  contain  z  

data a  scale  must  be exported alongside the image,  and preferably 
as a separate image  f i le.  

◼  Rasters  with  z  data  –  rasters  with  z  data,  or  f loating  point  rasters  
are the preferred format.  The z  data within  the raster  al lows for  the 
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manipulation of  colour scales,  shading,  etc.  within GIS  software 
and can aid interpretation with the abil ity  to  be able alter  the 

image presentat ion depending on scale.  

 

Whilst  . t i f f  is  the preferred output for  both  raster  types,  other 
industry standard  raster  formats  are acceptable .  When receiv ing data 
from a third-party ,  th e format  wil l  general ly  depend on  the specif ied 
data output of  the commissioning organisat ion.  Surfaces can also be 

exported in  proprietary formats ;  however,  th is is  not  encouraged for 
data th at  wil l  be used outside of  the organisation collecting  the 
data.  

Interpolated contour plots 

Interpolated two-dimensional  contour  plots should be exported as  
industry standard .shp f i les ,  with vector  information relat ing  to the 

amplitude of  each contour.  Three dimensional  contour plots  sh ould 
be exported as a del ineated ASCI I  x,  y ,  z  f i le  (where x and y  relate to 

the posit ion,  and z th e amplitude)  ( .txt ,  .csv,  .pts,  .asc,  etc.) .  
Interpolated data should be exported and ei ther suf f ixed with  an 
ident if ier  (such as  _IN T)  to  sh ow th ey have been interpolated or 

exported to a  folder clearly identifying  i nterpolated data.  

Tracklines 

Exporting t rackl ines of  the sub-bottom prof i ler ,  and/or,  the vessel  

wil l  result  in data of  a small  f i le size that  can used within  a  GIS  to  

establ ish  the extents  of  the survey,  measure l ine spacing,  and 

compare the actual  survey with the planned survey.  Trackl ines 
should be exported as  industry standard .shp f i les .  
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8 Marine development 
Within England, the majority of geophysical and hydrographic data 

that undergoes archaeological assessment is collected as part of the 
marine development process. Marine development can include, but 

is not limited to, offshore wind farms, cable installation, pipelines, 

aggregate extraction, seaweed farms, dredging, and port and 

harbour developments.  

These developments can physically impact the seabed, and 

therefore may negatively impact material of potential archaeological 

interest. The archaeological resource is finite, and any damage, 
either through primary or secondary impact, is permanent. 

Geophysical and hydrographic data are used to determine the 

potential archaeological resource in order that appropriate 
mitigation strategies can be implemented, and once implemented, 

monitored as to their effectiveness. 

Data are collected at different stages of marine development, often 
to specifications that enable their use within a number of different 

disciplines. This section broadly outlines the marine development 

process and provides guidance as to the phases of development 

where archaeological assessment of data should be undertaken. 
Due to the varied requirements for marine developments, survey 

specifications are not given in detail, with the overarching guidance 

being to seek marine archaeological input during the planning 
stages. However, example specifications that meet the requirements 

of different phases of development are given in Section 12. 
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Consenting 

Introduction 

Detailed discussion of  legislat ion for  marine development is  beyond 
the scope of  this guidance ,  however th e fol lowing is  provided for  

context  in  relat ion to phases of  works  where the archaeological  
assessment  of  geophysical  and hydrographic data may be required.   

Marine Licences and Development Consent Orders 

Marine development  that  impacts  the seabed  wil l ,  in  most  cases,  be 

required to go through a  consenting  process ,  the requirements  of  
which wil l  depend  on the scale  of  the develop ment.  For 

developments  not  classed as Nat ionally  Signi f icant Infrastructure 

Projects  (NSIPs)  consent is  general ly  administered through a  Marine 
Licence issued under  the Marine and Coastal  Access Act  (2009)  by  the 
Marine Management  Organisation (MMO) ,  who wil l  enforce the 
l icence and any post -consent l icence condit ions .  For  projects  

classed as  NSIPs  consent is  through a D evelopment  Consent  Order  
(DCO) under  the Planning Act  (2008) .  A  DCO is issued by the relevant 
Secretary  of  State on the recommendation of  the Planning 

Inspectorate (PINS).  The DCO may include provis ion for  a  Deemed 

Marine Licence ( DML),  or  a Marine Licence may be consented 

independently .   
 
Consent decis ions  are informed by the UK Marine Pol icy  Statement  

(MPS)  (2011) ,  and local  Marine Plans  which  provide a  f ramework  to 

del iver  the high level  objectives  of  th e MPS . The MPS  outl ines 
detailed considerat ions for  the histor ic  environment  ( MPS 2011,  p .21,  

2.6.6) .  

Environmental Impact Assessment 

Marine Licence or DCO  appl ications must include suf f ic ient  

information from which a decision can be made as to th e potent ial  

effect  the development may have on th e environment ,  including th e 

histor ic  environment .  Furthermore,  applications for a  Marine Licence 
require  the completion of  a Marine  Plan  Policy Assessment  (MPPA) 
where speci f ic consideration of  her itage assets  must  be detai led 

under  a  specif ic  Marine Plan Area Policy,  such as  the South West  

Inshore and South  West  Offshore Marine Plan SW-HER-1;  
 

Proposals  that  demonstrate th ey wil l  conserve and enh ance th e 
signi f icance of  h eritage assets wil l  be supported.  Where proposals 

may cause h arm to th e signif icance of  heritage assets,  proponents  
must  demonstrate that  they wil l ,  in  order of  preference:   
a)  avoid  

b)  minimise  
c)  mit igate -any harm to the s igni f icance of  heritage assets.   

 

I f  i t  is  not  possible  to  mit igate,  th en public  benefits for  proceeding 
with the proposal  must  outweigh the harm to the s igni f icance of  
heritage assets .  
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Where a  development  is  deemed to have a  potential  signif icant  effect  
on the environment ,  or  the type of  development  is  included with in 

Schedules  A1 and A2  of  Th e Marine Works  (Environmental  Impact  

Assessment)  Regulations  2007,  i t  is  l ikely  to  require  an 

Environmental  Impact Assessment  (EIA) .  
 
There are three primary phases  undertaken during th e consent ing 
process  in  relat ion to EIA .  

Screening 

Screening is  the process  by  which  it  is  determined whether  a  project  
fal ls  within th e remit  of  the EIA regulat ions and i f  i t  is  l ikely  to  have a 
signi f icant  effect  of  th e environment ,  and th erefore require  

assessment .  

Scoping 

Scoping determines th e extent  of  issues to  be considered ,  and 

reported on,  together with the sources of  information th ey wil l  use 

during  the production of  th e Environmental  Statement  (ES ) .  

Environmental Statement 

The ES  is  the assessment and presentat ion of  th e l ikely signif icant 

environmental  effects,  and the mit igation required to offset  these 
effects.  Th e h istoric environment  forms a  ch apter  with the ES.  Within 

the context  of  the historic environment ,  the ES chapter  wi l l  be 
accompanied by  a  technical  report ,  an outl ine Written Scheme of  

Investigation  (WSI) ,  and a  Protocol  for  Archaeological  Discoveries  

(PAD).  

 

◼  Technical  report  

The technical  report  underpins  the ES chapter  and details  the 
histor ic  environment  basel ine  from which the l ikely  signif icant  
effects,  and mit igation,  can be determined .  The basel ine,  which  

includes the known resource  and an assessment of  the potential  

resource,  is  established through  a  Desk -Based Assessment  (DBA)  
which includes,  but  is  not  l imited  to:  

◼  A rev iew of  Historic Environment Records (HER) .  

◼  Other records that  may relate to  the historic  environment ,  such as  

those f rom th e United Kingdom Hydrographic Off ice (UKHO)  and 
the Brit ish G eological  Society  (BGS) .  

◼  The results  of  previous studies ,  the archaeological  assessment of  

geotechnical  data (both project  specif ic and histor ic) .  

◼  The archaeological  assessment  of  geophysical  and hydrographic  
data (both project  specif ic  and histor ic) .  

 
Geophysical  and hydrographic  data sh ould be of  a  specif ication 

suitable to  characteris e th e histor ic  environment  and establish th e 
basel ine.  The data should cover th e extents of  th e appl icat ion area 
and be of  a  suff icient  specif icat ion to  identi fy  receptors  that  may 

require  mit igation.  Th e speci f ication of  the data should be 
commensurate with a characterisation survey ,  an example of  which is  

provided in Sect ion 12.   
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Whilst  typical ly ,  th e technical  report  is  produced  to underpin th e ES 
chapter,  depending on the t imescales of  related surveys  it  (or  

versions of)  may be used to support  the screening and scoping 

process.  

◼  Written Sch eme of  Invest igat ion  

An outl ine WSI is  typical ly  produced during  the EIA process  and is  
submitted alongside the ES chapter  and technical  report .  Broadly 
speaking,  the WSI  may present  summarised results  of  the ES chapter  

and any technical  reports ,  which in turn informs the mit igat ion 
requirements ,  and their  implementation,  through the l i fecycle  of  the 
development.  The WSI  includes summary methodologies  for  
activ it ies  that  may require  archaeological  involvement,  which  wil l  

direct  and form the basis  of  more detailed  activity  speci f ic  method 

statements.  
 

The WSI can be considered as  the core overarching mit igat ion 

document  for  a  development ,  the implementation of  which is  
general ly  speci f ied in  a l icence condit ion.  Compreh ensive guidance 
for  WSIs has been produced by Wessex Arch aeology,  on behalf  of  the 
Crown Estate,  for  of fshore wind farms ,  although it  is  equally  

applicable to most  marine developments 4) .   

 

◼  Protocol  for Archaeological  D iscoveries  

Like the WSI ,  the PAD  is  typical ly  produced during th e EIA process .  I t  
forms a  core component of  the mit igation process  and its  use is  

applicable to al l  stages of  marine development .  Th e PAD outl ines the 
process  in  which  unexpected f inds,  or  potential  f inds,  can be 

reported when identi f ied,  the required archaeological  involvement,  
and th e process  by  wh ich addit ional  mit igation can be implemented.   
 

Compreh ensive guidance for  PADs has been produced by Wessex 
Arch aeology,  on behal f  of  the Crown  Estate,  for  offshore renewable 

projects  although it  is  equally  applicable to most marine 
developments 5.  The development should produce a  project  specif ic  

PAD. Th e P AD sh ould include reference to mater ial  of  archaeological  
interest  ident if ied dur ing geophysical  and hydrographic  surveys.  

Post-consent 

Once consent  has been granted ,  eith er  through a Marine Licence or a 
DCO with a DML, th e development  is  l ikely to  be subject  to l icence 

condit ions related  to the histor ic  environment.  Typical ly,  they  wil l  
outl ine a  requirement for  the implementation of  th e WSI and the 

PAD. Th e WSI may outl ine a  requirement for  the archaeological  

assessment  of  post - consent  geophysical  and hydrographic  data,  the 
speci f ication  and extent of  which wil l  be detailed within a Method 
Statement  which wil l  be agreed with the archaeolo gical  curator .  In  
England this  wil l  be Historic  England ( Section 10) .  

 

 
4 Wessex Archaeology, 2021. Archaeological Written Schemes of Investigation for Offshore Wind Farm Projects. The Crown Estate 
5 Wessex Archaeology, 2014. Protocol for Archaeological Discoveries: Offshore Renewables Projects. The Crown Estate 
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Arch aeological  assessment of  geophysical  and hydrographic  data is  
l ikely  to  be required for th e fol lowing activit ies/datasets ,  not ing th at  

not  al l  may be appl icable,  and the extent  of  works  wil l  depend on the 

results of  the ES  and the requirements  outl ined in  the WSI :  

◼  Pre-construction (or  pre - impact)  survey data.  Th is  is  typical ly  
col lected for th e purpose of  design f inal isat ion and  for assessment  
in relat ion to pUXO . The data  are  subject  to  archaeological  
assessment  as t h ey  are typical ly  col lected to a  higher  specif ication,  

but  over  a  reduced footprint  relat ing  to the extents of  the area of  
impact .  The specif icat ion of  the data should be commensurate with  
an investigat ion survey,  an example of  which is  provided in Section 
12.  

◼  Post-construct ion monitoring  data .  This  is  typical ly  col lected 

fol lowing the instal lat ion of  infrastructure,  and at  regular intervals 

to monitor  integr ity.  For developments such as aggregate 

extract ion ,  l icence condit ions may require  periodic  monitoring due 

to the continued impacts  to  the seabed.  Th e speci f ications  of  the 
data wil l  depend on th e requirements of  the developer  in  
discussions with  the archaeological  curator ,  and any l icence 
condit ions.  

◼  Pre-remedial  data .  Where remedial  works to  instal led infrastructure 

are required,  data is  usually  col lected to inform the process.  The 
archaeological  assessment of  this  data wil l  depend  on the 

requirements  of  th e WSI  and wil l  consider th e archaeological  
potential  of  the area,  the proximity  to  receptors ,  th e nature of  the 

works,  th e t ime elapsed  s ince the last  review of  data,  the seabed 
dynamics,  and previous impacts .  The speci f ications of  the data wil l  

depend on the requirements  of  the developer,  and any l i cence 
condit ions.  

◼  Bespoke investigations .  Bespoke,  or  targeted,  investigat ions may 

be required at  al l  phases of  a development,  for  example wh ere  a  
feature of  archaeological  interest  (usually  a  shipwreck)  is  identif ied 

that  may impact th e development ,  where mit igation needs to be 
ref ined,  or wh ere new features are  identif ied post -construct ion.  The 

speci f ication of  the data wil l  depend  on the requirements  of  the 
survey but  is  l ikely to be commensurate with  shipwreck  specif ic  

survey,  an example of  which is  provided in  Section 12.  

Fi gu re 4 4  
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Survey strategy 

The survey st rategy,  and therefore the archaeological  assessment  
requirements ,  for  large scale  marine development projects  general ly  
fol lows the phases out l ined  above.  Data col lected at  each stage  
supports  not  only  arch aeological  assessment ,  but  a  number  of  other 
discipl ines including engineering,  benthic  ecology,  pUXO 

ident if ication,  and marine and coastal  processes.   
 
The overal l  st rategy wi l l  depend on the requirements  and scale of  
the development .  Smaller  developments,  such as  aggregate 

extract ion ,  capital  and maintenance dredging,  or th e development  of  

seaweed farms,  may combine phases and undertake one survey that  
meets  the requirements of  mult iple  phases .  

Archaeological input into survey planning 

I t  i s  recommended that  advice is  sought f rom a suitably quali f ied and 
exper ienced mari ne archaeologist  prior  to  the commissioning of  
geophysical  or  hydrographic  survey.  Th e marine archaeologist  should 

have a proven  background in  the col lection,  processing,  and 

interpretation of  geophysical  and hydrographic data,  a long  with a 

robust  understanding of  th e marine planning process and the 
requirements  at  each  phase.  In  addit ion,  i t  i s  recommended that  

organisat ions are registered with  the Chartered Inst itute for  

Arch aeologists  Registered Organisation sch eme, commonly referred 
to as being a CIfA RO,  and that  individuals  are accredited with th e 

Chartered Inst itute for  Archaeologists  (CIfA) .  
 

During the consenting  process  this  may be an organisation,  or 
individual ,  engaged directly by th e developer or  their  environmental  

consultants .  Fol lowing consent ,  this  is  typical ly  an organisation,  or  
individual ,  retained by the developer and referred to as th e ‘Retained 

Arch aeologist ’ .  I t  should however  be noted that  the Retained 
Arch aeologist  may not  always be th e most appropriately  qual i f ied to 
provide advice,  and th is may be sought f rom an alternative 

contractor  or  individual  as  required.   
 

The provis ion of  informed and robust  advice by a marine  

archaeologist  during  the planning stages of  surveys  wil l  al low the 

developer  to  make informed decisions based on the potential  r isk ,  
ensure appropriate speci f ications are met  th rough each  phase,  and 

make amendments  to  survey design at  an early stage ,  where 

required.  Advice should be sought in good t ime ,  prior  to  the 
commissioning of  surveys ,  to ensure that  considerat ion can be given 
to archaeological  requirements  ( including data del iverables )  during  
the commissioning process.  

 

The input from the marine archaeologist  should be informed  by:  

◼  The scale and nature of  th e development .  

◼  The phase of  development (consenting,  post -consent,  monitoring ,  

etc.) .  
◼  The results  of  previous assessments where undertaken .  
◼  The archaeological  potential  of  th e development area .  
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◼  The overal l  survey strategy for th e development  and associated 
project  t imeframes for  the completion of  each stage.  

 

The fol lowing table  provides  guidance for  factors  that  sh ould be 

considered by th e marine archaeologist  when providin g advice as  to 
survey speci f ications.  Examples of  specif ications for  
characterisation,  investigation,  and shipwreck specif ic  surveys can 
be found in  Section 12.  However ,  th ese are g iven as  examples only  

and indiv idual  project  speci f ications should be tai lored to the 
project  requirements .  
 
I t  i s  recommended that  the advice provided be summarised by  the 

archaeologist  as  a  technical  note and be retained by th e developer .  

 

 
  

Archaeological considerations 

Survey specification 

◼  Is  th e survey specif ication and design suitable to meet  the 

archaeological  requirements  of  the phase to which it  pertains,  
together with  any l icensing obligations?  

◼  I f  not  suitable,  how can the  survey  design be revised to ensure 

it  is  able to  meet  the archaeological  requirements?  For 

example,  th e fol lowing should be considered;  

◼  Posit ioning (surface and subsurface –  see Section 3)  

◼  Sensors  

◼  Coverage  
◼  Minimum detection size  

◼  Penetration  
◼  The sea state th e survey is  conducted in    

◼  What are the l imitat ions of  the survey,  and therefore what  is  
the r isk  ( from an archaeological  perspect ive)  to the project  

with the proposed specif icat ions and survey design?  

◼  How can any r isks be mit igated? F or  example,  the fol lowing 
should be considered;  

◼  Addit ional  survey requirements  
◼  The overal l  survey strategy for th e development  

◼  Detailed D esk -Based Assessment  (DBA)  
◼  Survey techniques oth er  than geophysical  and hydrographic,  

for  example,  survey  undertaken by divers,  remotely  operated 

vehicle  or  drop down video etc.  

Data requirements 

◼  Are th e data del iverables  suitable to  meet  the requirements of  
archaeological  assessment? Consideration should be given to;  
◼  Data formats  

◼  Level  of  processing  

◼  Data del ivery method,  and t imescales  
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Aims and objectives 

The aims and objectives  of  th e archaeological  assessment  of  
geophysical  and hydrographic  data wil l  change depend ing on th e 
phase of  the development ,  and the reason for the assessment .   

 

The identif ication of  material  and deposits  of  potential  interest  
al lows for  the determination of  wh ether a project  may have a  

negative (or  posit ive )  effect  on th e historic  environment ,  and for  

strategies  to  be recommended to mit igate any negative effects that  

may be caused.  
 
The objectives  can be summarised as fol lows :  

◼  To establish the presence of  anthropogenic  material  of  

archaeological  or  historical  potential .  

◼  To interpret  any  ident i f ied anomal ies and identify  their  

archaeological  potential .  
◼  To understand th e impacts  of  the development and recommend 

mit igation strategies  for any  anomalies  appropriate to  their  

archaeological  potential .  

◼  To understand th e seabed environment  and composit ion  
◼  To establish the palaeolandscape potential .  

◼  To recommend mit igat ion strategies in relat ion to the 

palaeolandscape and palaeoenvironment  interest ,  and  

◼  To recommend further  works  that  may be required and th eir  
speci f ications.  

Archaeological Assessment of the Resulting Data 

The requirements for the archaeological  assessment  of  data wi l l  

depend on  the phase of  survey  for  which  the data was col lected.   

◼  During the consenting  process ,  the archaeological  assessment  

methodology must  be suitable to enable the characterisation of  the 
histor ic  environment  to support  the applicat ion process.  

◼  Post  consent ,  th e arch aeological  assessment  methodology must  be 
suitable to ident ify  material  of  archaeological  interest  that  may be 
impacted by the development ,  and be in  accordance with agreed 

method statements  (Section 10)  produced from an outl ine WSI .  

 
Guidance for th e arch aeological  assessment  of  geophysical  and 
hydrographic  data are detailed in  Sect ion 11.  Report ing requirements 

are detai led in  Sect ion 14.   

 

Broadly, the principle aim within a marine development context is to establish 
the presence of archaeological, historic, or palaeoenvironmental materials and 

deposits of potential interest. 
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9 Research 
Historic England routinely commission geophysical and 

hydrographic surveys to increase knowledge of the historic 
environment. Surveys allow sites to be monitored for change and 

inform management strategies and priorities, as well as helping to 

identify new sites. In addition, the collection of geophysical and 
hydrographic data is undertaken as part of research and prospection 

projects by academic institutions and self-funded organisations and 

individuals. The scope of these surveys will vary greatly depending 

on the project aims, and as such it is not possible to provide detailed 
survey specifications. However, adherence to the guidance and 

consideration of the information presented will ensure that data are 

not only suitable for the purpose intended but will provide baseline 

data that can be reused as required, adding value to the survey. 

Historic England Commissioned Surveys 

Projects  commissioned by Histor ic  England are done so th rough a  
def ined process  and wil l  either be through a response to a  tender,  or  

through a  submitted proposal  fol lowed by a  project  design.  Further 

information about th e Histor ic  England commissioning pr ocess  can 
be found on the Histor ic England website.  

 

 
 

The commissioning of  geophysical  and hydrographic  surveys  by  
Histor ic  England wil l  depend on  the completion of  desk -based 
research.  Desk-based research wil l  establish not only  the research 

question ( i .e.  the reason for  the survey )  but  def ine an area for survey 
and identify  any exist ing datasets.  Th ere are several  geophysical  and 

hydrographic  data  repositories  where data can be downloaded ,  

including the ADMIRALTY Marine Data Portal ,  maintained by th e 

Figure 45:  

Sidescan and 

magnetometer survey 

being undertaken as 
part of a research 
project 
commissioned by 

Historic England on 
HMS Colossus. 

© CISMAS 
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United Kingdom Hydrographic  Off ice (UKHO)  and th e Marine Data 
Exchange (maintained by the Crown Estate ) .   

 

I t  may be th e case that  assessment of  exist ing datasets  alone wil l  be 

suff icient  to  answer th e research question,  removing the need to 
undertake furth er  survey work ,  alternatively the data may  inform 
strategies  to  al low for a more targeted,  and potential ly  cost - effective 
approach .  

Aims and Objectives 

The aims and objectives  of  th e survey wil l  depend on  the research  

question(s)  that  th e survey has been commissioned,  or  designed, to 

answer.  For  works  commissioned by Histor ic England ,  the product ion 

and approval  of  a  project  design or  method statement outl ining  th e 

aims and objectives,  and how they wil l  be achieved ,  is  a  requirement 
of  commissioning 6.  Further guidance to produce  method statements,  

and th e detail  th ey  sh ould include,  is  presented in  Section 10.  
 
Geophysical  and hydrographic  surveys and their  aims,  outs ide of  

those undertaken as  part  of  the marine development  process,  wil l  

typical ly  fa l l  into two categories:  prospect ion,  and site -specif ic  
surveys.  

Introduction to prospection 

The broad aim of  a  prospection survey is  to locate or  identi fy  

material  of  potential  archaeological  interest  on or  under th e seabed. 
This  can include anthropogenic  mater ial  such as  shipwrecks,  
cargoes,  ai rcraft ,  structures  or evidence of  human activity ,  or  the 

ident if ication of  areas with the potential  for  submerged prehistoric  
remains.  Th is  is  typical ly  achieved through a  lower  resolution  survey.  

As  noted in  Section 2,  lower resolution  surveys usually  al low  greater 
coverage than high  resolution surveys  but at  the expense of  

ident ify ing only  larger features  and broader  geological  units .   
 
The example character isation survey specif ication given in  

Section  12  is  commensurate with that  which  should be considered 
for  prospection.  

Introduction to site specific surveys 

The broad aim of  a  s ite speci f ic survey  is  to  obtain  a  greater  level  of  

detail  at  a  local  level  about a speci f ic site or area than is  already 
available.  This  can include,  but  is  not  l imited to;  

◼  resolving  complex st rat igraphy  
◼  accurate local ised mapping of  sub -surface features  such as  

palaeoch annels  

◼  monitor ing change on shipwreck  s ites  
◼  the creation of  georeferenced site  plans  
◼  establ ishing debris  f ie lds  

◼  collecting  data for public  engagement  

 

 
6 Historic England (2015) Management of Research Projects in the Historic Environment: The MoRPHE Project Managers’ Guide 
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This  is  typical ly  achieved th rough a  speci f ication with a narrow l ine 
spacing and general ly  at  a  higher resolution  than used for 

prospection .  A  higher resolution wil l  usually  result  in  less coverage  

than a  low resolution survey ,  but  an increased abil ity  to identify  

smaller  features.   
 
The survey specif icat ion for  s ite  speci f ic  surveys  wil l  vary depending 
on the aim,  however the example specif ications for investigation 

survey and shipwreck  speci f ic  survey provide a robust  start ing  point.  

Data collection strategy 

The data col lection strategy for  s ite  specif ic  surveys  wil l  vary  great ly,  

primari ly  depending  on the overarch ing aim.  Whilst  surveys  

undertaken during the marine development process  (and part icularly 

large developments )  wil l  routinely  deploy several  d if ferent  
techniques concurrent ly,  for  research projects considerat ion wil l  

usually  need to be given to several  factors  including :  

◼  Costs  
◼  Equipment availabil ity  

◼  Vessel  capabil ity  

◼  Expert ise required  
◼  Data processing  requirements   

 
Outside of  marine development it  is  rarely  possible  to  deploy a ful l  

suite  of  techniques,  and therefore careful  consideration should be 

given to the selection of  equipment  which  wi l l  achieve the required 

results.  Th e four  most common techniques,  their  uses,  and th eir  
l imitations,  are presented in  Section s  4  to 7.  Where the techniques 

are not  ful ly  understood,  it  is  recommended that  th e reader seek  

advice f rom a professional ,  accredited and experienced marine 

archaeological  serv ice ,  or  marine survey contractor.  
 
General  guidance is  presented for  data col lection in  relat ion to 

palaeolandscape prospect ion,  palaeolandscape s ite  specif ic  survey,  
shipwreck  prospection,  and shipwreck site speci f ic survey.  Noting in 

each  instance that  the survey speci f ication must be designed to meet  

the aims of  the survey and must  be pres ented within  a  meth od 

statement ( Sect ion 10) .  

Palaeolandscapes 

The primary  technique  for  the identif ication and mapping of  th e 

palaeolandscape is  th e sub-bottom profi ler  which al lows the 

mapping of  sub -surface features,  including geological  units  and 
features.  I t  is  recommended that  mult ibeam bathymetry  is  col lected 
concurrently ,  or  a  recent dataset  ut i l ised,  to  enable th e sub-bottom 
prof i ler  data to  be al igned with th e seabed,  and for  the identi f ication 

of  features  such as kett le holes,  which  may be v is ible  on the surface.  

The requirement  for  this wil l  depend on  th e a rea of  interest .  

Palaeolandscape prospection  

Unlike mult ibeam bathymetry  and sidescan sonar,  the sub-bottom  

prof i ler  wil l  only g ive a visual  image (seabed and sub - surface)  
directly  below the transducer,  therefore it  is  not  possible to define a 



 

Page | 115 

 

l ine spacing to achieve a coverage percentage.  Instead,  the l ine 
spacing must be determined based on the anticipated changes in  the 

sub-surface geology,  with main l ines orientated perpendicular to 

these changes.  Prospection ,  in relat ion to th e palaeolandscape ,  can 

be in th e magnitude of  hundreds of  square ki lometres,  so sub-
bottom profi ler  l ine spacing is  cr it ical  to ensure eff iciency in relat ion 
to the aims.  As  a  general  guide,  main l ine spacing of  between 50 m 
and 100 m,  and cross  l ine spacing of  between 500 m to 1000 m,  

should be suf f icient  for most  scenarios.  Where  mult ibeam  
bathymetry  data are  being collected concurrently  (at  100% coverage,  
plus overlap) ,  in water  depths less  than c.  40  m this is  l ikely  to  
dictate the l ine spacing.   

 

The type and specif ication of  the selected su b-bottom prof i ler  wil l  

depend on  the requirements  of  the survey and is  dictated by  the 

depth of  penetration required.  In general  terms ,  th e high er  the 

frequency the higher  the vert ical  resolution,  but  the shallower th e 
penetration.  

Fi gu re 4 6:   

S ub - bo tt om 
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pro sp ec t io n l i n e 
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Palaeolandscape site specific survey 

Following an init ial  prospection survey or desk -based research,  there 

may be a requirement  to undertake a  higher  resolution survey at  a 

local  scale.  This  may be to accurately  map the extents of  identi f ied 

features such as  palaeochannels ,  to resolve complex  st rat igraphy,  or 
to achieve greater  penetrat ion.  L ine spacing  wil l  typical ly  be 
narrower than that  used during  prospection surveys  but wil l  depend 
on the aims of  the survey.  As  a  guide,  a  l ine spacing of  between 10 m 

to 30  m should be considered,  and wh er e th e aim is  the mapping of  
features,  they sh ould be planned perpendicular to th e length.  Cross  
l ines should be planned at  10  t imes the spacing of  th e main l ines,  
however,  considerat ion should be g iven to an equal  grid  depending  

on the shape of  the feature,  and the density  of  data required.  

Shipwrecks  

Whilst  the focus of  this section is  shipwrecks,  i t  is  equally  applicable 
to submerged structures  and oth er  large anthropogenic features.  The 

technique(s)  selected wil l  be determined by the type of  mater ial  
expected ( i .e .  i ron,  steel ,  t imber,  stone,  etc .) ,  the expected s ize,  and 
whether  there is  l ikely  to be evidence on the surface of  the seabed.  

Shipwreck prospection 

For prospect ion the three main techniques that  are general ly  
considered are mult ibeam bathymetry ,  s idescan sonar ,  and 

magnetometer .  Sub-bottom prof i lers  only  col lect  data beneath  the 

transducer  so their  use in prospection is  l imited.  Assuming th e 

prospection survey involves th e ident if icat ion of  shipwreck s or  
material  that  has features  proud of  the seabed,  the two primary 

techniques that  wil l  be considered are mult ibeam bathymetry and 
sidescan sonar ,  each with their  own advantages and disadvantages :   

◼  Magnetometer data can be useful  in  prospection surveys  for  the 
ident if ication of  large ferrous anomal ies,  such as  wrecks containing  

guns or a signif icant  amount of  i ron,  or  those constructed of  iron or 
steel .  However,  the typical ly  wide l ine spacing used during  

prospection wil l  s ignif icantly increase th e minimum object  
detection size.  Th e usefulness of  magnetometer  for  prospection  is  
therefore  l imited to the identif icat ion of  large anomal ies,  but  they 

are of  use in aiding  in the interpretation of  seabed fea tures  
ident if ied in  oth er  datasets.  

 

◼  Sidescan sonar  is  cheaper  and easier  to  deploy  than mult ibeam 

bathymetry .  The data are less t ime consuming to process and 
ranges each side of  th e survey l ine can comfortably  reach 100 m 

whilst  st i l l  being  operated at  a  high frequency (400 kHz to 500 kHz) ,  

al lowing  a  resolution suitable for  the identi f ication of  features  
>0.5  m.  Whilst  the minimum object  detection  for  sidescan sonar  is  
quite  small ,  as  a  two -dimensional  technique there may be 
instances where a  sl ight  mound,  potential ly  indicating  a  buried 

shipwreck,  might  not  be v is ible.   

 
When l ine planning,  consideration should be g iven to the water  

column wh ere features may be obscured due to th e lack  of  data.  For 

prospection of  large features ,  a  l ine spacing of  two t imes th e range 
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minus 10% is  general ly  suff icient  (equating  to 100% coverage minus 
the water  column) .  Where th e feature may be obscured by the water 

column l ine spacing should be the range minus 20% (equat ing to 

200% coverage including the water  column) .  The reduction in l ine 

spacing,  compared to the range,  is  to  mit igate th e ef fects  of  errors  in  
l ine keeping and tow f ish movement.  Crossl ines  should be col lected 
at  ten t imes the mainl ine spacing.  

 

◼  The use of  mult ibeam  bathymetry  can have advantages,  both in  

terms of  seabed coverage across  the ful l  width of  the swathe,  and 

the col lection of  a  three -dimensional  dataset.  However ,  th e 
minimum object  detection  is  typical ly  larger  than with  sidescan 

sonar and  increases with water depth .  For  the prospection of  
wrecks,  a  minimum object  detection  of  2.0 m is  l ikely  to  provide 
suff icient  detail  and is  within  the capabil it ies of  most  mult ibeam 

sonars  operating  at  a  f requency of  > 350 kHz.  Line spacing should be 
planned to achieve 100% coverage,  with suff icient  overlap to 

mit igate the effects  of  rol l ,  and errors  in  l ine keeping.  Th e l ine 

spacing wil l  depend on depth .  At  a  swathe of  120° ,  coverage is  

equivalent  to  c .  3.5  t imes the water  depth and survey l ines  should 
be run at  approximately 3 .0  t imes th e water depth.  
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Shipwreck site survey 

Following a  prospection survey,  desk -based research,  or  as  part  of  

the monitor ing or  management  requirements ,  higher  resolut ion 

survey at  a local ised s i te (shipwreck)  scale  may be required .  This  may 

be to col lect  further  informat ion f rom which to ful f i l  the research 
question(s) ,  or  to  col lect  higher  resolution data to provide a high er  
level  of  detail .  I t  may also be that  the s ite  was identif ied in  other  
survey data and interpretat ion or  planning for further  works  would 

benefit  f rom three -dimensional  data.  A lternatively,  the s ite  could 
have been identif ied v isually  in  previous data but is  part ia l ly  buried 
and would benef it  from sub-bottom profi ler  survey to establish the 
buried extents  or a m agnetometer  survey to identi fy  outlying debris .  

The survey specif icat ion wil l  depend on  the aims,  but  th e fol lowing 

guidel ines should be applied:  

◼  Survey speed  –  Where possible,  the survey speed should be reduced 

to 3 .0  knots ,  increasing data resolution and density.  Where the 

effects  of  currents  mean that  reducing to a low speed affects 
steerage,  considerat ion should be g iven to running al l  l ines into th e 
current.  

◼  Sidescan Sonar  –  Sidescan sonar data should be col lected at  the 

highest  resolution available,  and at  a  minimum frequency of  

400 kHz but  ideally  higher ,  such as 900 kHz  where available .  For  a  
400 kHz system ,  the range should be reduced which  wil l  increase 

the along t rack resolut ion,  and the data col lected away f rom th e 
outer  extents ,  wh ere resolution is  reduced.  Init ial ly ,  a  l ine of  data 

should be col lected over  the site .  This  would use th e ful l  range,  
from which  the posit ion and orientation can be used to p lan th e 

l ines for  the survey.  For shipwrecks,  a  l ine of  data should be 
col lected along each s ide  of  th e shipwreck ,  a iming to image the 
whole site  in  one pass  on both l ines.  The l ines should start  and 

stop at  least  100 m from the shipwreck but  should be extended i f  
debr is  is  noted dur ing  col lection .  A  minimum of  two further 

adjacent  l ines should be col lected each  side,  ensur ing  that  the 
water  column of  the adjacent  l ine is  covered.  At  a range of  50  m,  a  

l ine spacing of  40  m ( range minus 20%)  wil l  achieve the  desired 
outcome of  200% coverage,  including th e water  column. It  is  good 

pract ice to col lect  cross  l ines  to  aid in th e assessment  of  

navigation of fsets  and the visual isation from di fferent  angles.  For  

sites <100 m this  should be directly over th e centre,  with longer 

sites cross l ines  should also  be col lected at  each  end.  
◼  Mult ibeam Bath ymetry  –  Mult ibeam bathymetry  data should be 

col lected at  th e high est  resolution available,  in general  terms the 
use of  frequencies  < 350 kHz are not  suitable for  the detailed survey 

of  shipwrecks.  Very  high frequency  systems (c.  700 kHz)  are 
available which result  in a  signi f icant  increase in resolution,  
however  they are more suscept ible  to  noise and erroneous data 

points ,  especial ly  with in the potent ial ly  contorted forms of  steel  
wrecks.  Addit ional ly,  the water  depth in  which they can be used  

effectively  is  l imited .  Therefore,  the use of  very  high frequencies 

should be tr ial led onsite prior  to  data col lect ion.  Th e data 
col lection methodology sh ould be aimed towards the 
ensonif ication of  al l  components  of  the shipwreck including ,  where 

possible,  upstanding,  or inverted features  such as th e hull .  Th is  can 
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be achieved by making use of  the angular distr ibution of  the 
beams. Each shipwreck wil l  be dif ferent ,  but  the fol lowing is  a  

suitable start ing point  f rom wh ich to base the survey design,  noting 

that  l ine planning wil l  often have to be undertaken on site,  a nd 

adjustments  are often needed as th e survey progresses.  

 

The survey should ach ieve a minimum of 200% coverage of  the 
shipwreck.  In depth s of  less than 30 m ,  ful l  coverage at  a  cel l  s ize of  

0.1  m sh ould be ach ieved,  and in depth s of  less than 50  m ful l  
coverage at  a  cel l  s ize  of  0.2 5 m.  Most  acquis it ion software wil l  
al low for  a  visual  representation of  coverage,  both visually  as  data 
f i l led cel ls,  or  data density .  Init ial ly,  a  l ine of  data should be 

col lected over  the site ,  typical ly  at  a  wide swathe angle,  from which 

the posit ion an d orientation can be used to p lan th e l ines  for th e 
survey.  Th e l ine plan should include a l ine directly over,  and along 

the centre l ine of  the shipwreck,  with  adjacent l ines  and coverage  

extending to a minimum of  100  m in  al l  d irections f rom the extents 
of  th e site,  and at  a  l ine spacing to achieve the speci f ication in th e 
depth of  water .  Cross  l ines should be col lected across  the site,  at  a  
l ine spacing designed to achieve an addit ional  100% coverage.  

Fol lowing data c ol lect ion,  the data should be assessed to establish 

whether  any addi t ional  l ines  are required to ensonify any 
upstanding,  or  inverted,  elements.  Where addit ional  data is  

required,  this  can be achieved by planning l ines  to  make best  use 
of  th e angles  of  the beams,  whilst  also narrowing the swathe  angle  

and rotat ing th e swath e towards the upstanding elements.  

 
◼  Magnetometer  –  Magnetometer  use on a  previously  ident if ied 

shipwreck  is  typical ly  l imited to establ ishing the extents  of  any 

debris  f ield  or,  for  example,  the identi f ication of  ferrous items such 
as guns or  anchors  that  may aid in th e assessment of  the wrecking 
process.  As  is  crit ical  with al l  magnetometer  surveys,  the minimum 
object  detect ion  must be determined to effectively  plan th e l ine 

spacing.  In  most instances to identify  mater ial  within a debris  f ield,  

a l ine spacing of  10  m,  an alt itude of  6 .0  m,  and an update rate of   

4  Hz  wil l  be suf f ic ient ,  giving a  minimum object  detection  of  
approximately 250  kg,  and an across  track  posit ional  accuracy of  
+/-  5.0 m.  Where small  i tems of  debris  are required to be identif ied,  

such as  those from an aircraft ,  a  l ine spacing of  5 .0  m and an 
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update rate of  10 Hz should be considered,  as should the use of  a  
towed array and a  specif icat ion more in  l ine with that  used for  the 
ident if ication of  pUXO.  
 

◼  Sub-bottom profi ler  –  Within a  sh ipwreck  context ,  th e use of  a sub-

bottom profi ler  is  predominantly for  the identif ication of  the 
extents  of  buried,  or part ial ly  buried shipwrecks,  or  to h elp 
understanding of  the depth of  burial .  Shipwrecks are l ikely to be 

buried just  beneath,  or  at  minimum distances from the seabed so 

the use of  high frequency,  low penetrat ion,  systems such  as Pinger,  
Chirp or  Parametr ic  are recommended to gain the highest  vert ical  

resolution possible .  This should be combined with  a  fast  ping  rate 
to increase along track data resolution.  In  most instances 

parametric sub-bottom profi lers  are recommended due to th e data 
being less  noisy,  with excel lent  vert ical  resolution,  and a  
signi f icantly  higher ping rate than other systems.  Surveys should be 

undertaken using  a  gr id ,  as  opposed to paral lel  l ines,  to  enable th e 

ident if ication of  mater ial  evenly  across  the s i te,  as  well  as  ensuring  
l inear  features  are identif ied.  Th e size of  th e grid wil l  depend  on 

the s ize of  the s ite ,  with smaller  s ites potent ial ly  requir ing a grid  of  
a few metres,  to  larger  sites  wh ere 5 .0  m to 10 m may be suf f icient.  

Three-dimensional  systems based on Chirp technology,  or  mult i -

transducer systems ,  can collect  high density  data which can be 
processed into true th ree -dimensional  outputs.  
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Survey planning 

Licences and permissions 

Marine Licences are not typical ly  required for geophysical  and 
hydrographic  survey  (with except ion of  some seismic surveys ) ;  
however,  i t  i s  th e responsibil ity  of  th e surveyor  to  establish  i f  any 

other  permission or  consent  is  required for h eritage assets  that  
might be subject  to  statutory  protection.  Part icular attent ion should 

be paid to  permissions that  may be required when undertaking 
survey operat ion within ports  and harbours  and wh ere Vessel  Traf f ic 
Serv ices  (VTS)  are established . VTS  are maintained by port  
authorit ies  within  their  area of  jur isdict ion  and include vessel  

separat ion schemes  and restricted areas.  

 
For geophysical  surveys  that  are being undertaken over  scheduled 
monuments  a  l icence is  l ikely  to  be required under  Section 42 of  th e 

Ancient  Monuments  and Archaeological  Areas Act  1979  for  
magnetometer  and sub -bottom prof i ler  surveys .  The application and 

administrat ion of  l icences is  the responsibil ity  of  Historic  England.  
 
Whilst  not  a legal  requirement under th e Protection of  Wrecks Act  

(1973) ,  i t  i s  best  pract ise to  inform Histor ic  England using  their  
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onl ine report ing form when undertaking survey operations over  
protected wreck  sites 7.  

Archaeological input into survey planning 

Advice f rom a professional ,  accredited and experienced mar ine 
archaeological  serv ice is  necessary  to  steer data col lection,  

processing,  and interpretat ion of  geophysical  data during  the survey 
planning process  to  ensure an appropriate specif icat ion is  agreed to 
meet  the aims and objectives of  the survey .  
 

When planning a  survey,  th e fol lowing should be taken into 

considerat ion:  

Survey specification 

Is  th e survey specif ication and design suitable to meet  the aims and 
answer  the research question(s)?  I f  not  suitable,  how can th e design 

be rev ised to ensure it  is  able to  meet th e archaeological  
requirements?  Th e fol lowing should be considered :  

◼  Posit ioning (surface and subsurface –  see Section 3)  
◼  Sensors  
◼  Coverage  

◼  Minimum detection size  
◼  Penetration  

 

What are the l imitat ions of  the survey,  and therefore what  is  the r isk 

( from an archaeological  perspective)  to  the project  with  the 
proposed specif ications and survey design?  
 

How can any r isks be mit igated? The fol lowing should be considered :  

◼  Addit ional  survey requirements  

◼  Detailed D esk -Based Assessment   
◼  Survey techniques oth er  than geophysical  and hydrographic  survey,  

for  example,  survey  undertaken by  divers,  remotely  operated 
vehicle  or  drop down video,  etc.  

Data requirements 

Are th e data del iverables  suitable to  meet  the requirements of  

archaeological  assessment? Consideration should be given to :  

◼  Data formats  
◼  Level  of  processing  

Curatorial Input into survey planning 

For surveys commissioned by Historic England, th e methodology and 

the specif ication wil l  e ither  be provided by,  or  approved through, a 
project  design or  meth od statement .  This  document wil l  include al l  
the pert inent  informat ion required by  Historic England to approve 
the specif ication.  The required contents  are detailed in  Sect ion 10.  

 
7 https://webmail.historicenglandservices.org.uk/k/Historic-England/wreck_geophysical_exempt  

https://webmail.historicenglandservices.org.uk/k/Historic-England/wreck_geophysical_exempt
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Archaeological assessment of the resulting data 

The requirements for the archaeological  assessment  of  data wi l l  
depend on  the aim of the survey and the research  question(s)  to be 
answered  and should be in l ine with the project  design .  The 
archaeological  assessment may be as  s imple as  the plott ing of  
posit ions of  features  identi f ied during  a  prospection survey,  or  as  

detailed as th e assessment of  the wrecking process  and distr ibution 
of  a  debris f ield of  a  shipwreck,  using data f rom mult ipl e  techniques.  
 
For surveys commissioned by Historic England ,  th e assessment 

should be undertaken by,  or  under  the guidance of,  a  qual i f ied,  and 

exper ienced,  mari ne archaeologist  with  a  proven  background in th e 
col lection,  processing,  and interpretation of  geophysical  and 

hydrographic  data.  Th e assessment should be undertaken in  l ine 
with the project  design.  Where changes are required to be made to 

the specif ication ,  this  should be discussed and agreed with  Historic 
England.  
 

Guidance for th e arch aeological  assessment  of  geophysical  and 

hydrographic  data are detailed in  Sect ion 11.  
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10 Method statements 
The production of a method statement (within the context of marine 

planning) or a project design (within the context of Historic England 
commissioned projects), is the primary mechanism for which the 

methodology for the collection, processing, and interpretation of 

geophysical and hydrographic data can be agreed with Historic England.  

Method statements should clearly define the aims of the survey, how they 

will be achieved, and the deliverables. Whilst being succinct they should 

contain enough technical detail to demonstrate that the specification of the 

survey is suitable to meet the archaeological objectives. Where a method 
statement is being produced as part of the marine planning process, it 

should make reference to the WSI where applicable. 

The contents of the method statement will depend on several factors 
including the aims of the survey, the techniques to be deployed, and the 

intended outcome. However certain information must be included, and the 

structure below is an example of how this can be achieved. 

Method statement template 

The fol lowing table provide s  a  suggested structure and content for  a  

method statement .  
 

Summary Th ings to  consider  

1  Introduction  

The introduction 
should provide a brief  
overview of  the 

project .  

◼  The name of th e project .  
◼  The organisation producing th e method statement  and any 

external  expert ise that  has been provided in  the compilat ion .  

◼  The cl ient .  
◼  Document reference,  vers ion and date .  

◼  The purpose of  the method statement .  

2  Location 

This  section should 

def ine the location 
and th e status  of  th e 

project .  

◼  The distance in  m or  km, and the direction,  f rom an identif iable 

locat ion on shore,  usually  a town or  a  named location .  
◼  Whether  the project  fa l ls  within inshore waters  (up to 12 nm from 

the normal  t idal  l imit  (NTL)) ,  or  in  of fshore waters  (between 

12 nm and 200 nm from the NTL ) .  
◼  The size of  th e survey area ,  or  the development in m 2  or  km 2 .  

◼  The legal ,  or  consenting status of  the s ite  or  the development  and 
any l icenses or  permissions that  may be required .  

◼  A f igure showing th e location of  the project ,  clearly  showing th e 

locat ion in  relat ion to a landmass or  oth er  recognisable feature .  
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3  Aims and Objectives  

The aims and 

objectives  of  th e 
project  sh ould be 
clearly ,  but  concisely,  
stated.  

◼  Aims focus on what  th e project  intends to achieve .  

◼  Objectives  focus on how the aims wil l  be achieved .  
◼  Reference to relevant  research  f rameworks .  

4  Methodology  

The methodology should contain  al l  th e information about h ow the survey wil l  be conducted,  
how the data wil l  be processed,  and how the assessment  and interpretat ion wil l  be 

undertaken.  Th e suggested sub-sections wil l  ensure that  al l  key  information is  included.  

4 .1  Data Collection  

This  section should 

include information 
related to data 
col lection.  

◼  Who wil l  be col lect ing the data?  

◼  When wi l l  th e data col lected?  
◼  The speci f ication of  th e survey,  including:  

◼  The sensors  to  be used ( including posit ioning)  

◼  Frequencies/ranges/penetration  

◼  Deployment method  
◼  Line spacing  
◼  Coverage  

◼  Expected resolutions  
◼  Minimum object  detection  size  

◼  The coordinate reference system  
◼  Data del iverables .  

◼  The format th e data wi l l  be output  in ,  both raw and processed .  
◼  Where pre-planned,  f igures  sh ould include coverage,  and/or  l ine 

plans,  of  al l  sensors .  

4 .3  Data P rocessing  

The data processing  

workflow for each 
sensor  should be 
provided .  

◼  Software to  be used,  including vers ion number .  

◼  Input data format .  
◼  Correct ions to  be appl ied .  
◼  Sett ings to  be appl ied,  including gains  and f i l tering .  
◼  Output data format .  

◼  Final  resolut ion .  

4 .4  Archaeological  Assessment and Interpretat ion  

The archaeological  

assessment  and 

interpretation 
workflow for each 
sensor ,  and al l  sensors 
combined should be 

provided .  

◼  The assessment parameters,  including thresh olds,  scope,  and 

area.  

◼  How the data wil l  be reviewed .  
◼  How the data wil l  be assessed .  
◼  The assessment criter ia .  
◼  Software to  be used,  including vers ion number .  

◼  Addit ional  data sources that  wil l  be consulted .  
◼  Data output  formats.  
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4 .5  Mit igat ion  

Although mit igation 

fal ls  outside th e scope 
of  this  guidance,  i t  wil l  
typical ly  form part  of  
the Method Statement .   

◼  Mitigation cr iteria  (wh at sh ould be subject  to mit igation) .  

◼  Mitigation strategies  that  wil l  be considered .  
 

5  D el iverables  

The expected 
del iverables from the 

survey,  including the 
report ,  sh ould be 
clearly  def ined .  

◼  Deliverables .  
◼  Deliverable formats.  

◼  Distribution.  
◼  Timescales.  
◼  Arch iving.  
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11 Interpretation 
The archaeological interpretation of geophysical and hydrographic data 

follows on from the data collection and data processing phases. It is the 
mechanism by which the archaeological aims and objectives of the survey 

will be met. The requirement for interpretation will be detailed within the 

method statement (Section 10) and will depend on the project aims. With a 
significant number of variables, software packages, and data outputs, this 

section can only provide general guidance. Examples of archaeological 

interpretation can include: 

◼  The identif ication and spatial  dist r ibution of  sites identif ied during  
the survey.  

◼  The identif ication of  anthropogenic features,  and th e assessment of  

archaeological  potential .  
◼  The identif ication of  geological  units,  or  sub -seabed sediments,  

and th e assessment of  archaeological  potential .  
◼  Site  formation processes and assessments of  change .  

◼  The monitoring  of  threats .  

◼  Site  specif ic  assessments .  

Data suitability 

Exported data formats ,  in relat ion to geophysical  and hydrographic 
survey,  wil l  change f rom the as  col lected ( raw) data,  through to th e 
f inal  processed del iverable s .  The data format ,  or  formats,  used wil l  

depend on  the requirements  of  the interpretation,  and each should 
be considered on its  own merits .  The processes that  data may have 

been subject  to  should be understood  as  they  can affect  
interpretation .   

 
Six  pr imary  formats  of  data output are typical ly  available fol lowing 

geophysical  and hydrographic  survey.  

 

Data Type Descr iption  

Raw  Raw data are  data that  are  in  the original ,  as col lected,  format ,  with no 
adjustments  made or  processing  undertaken.  Typical ly,  the data wil l  
contain embedded navigation data or  wil l  be supplied with  separate t ime 

stamped navigat ion f i les.   

Navigation 
corrected  

Navigation corrected data wil l  be in  its  as  col lected format ,  with no 
adjustments  made or  processing  undertaken.  The di fference between raw 

and navigation corrected data is  that  the navigation wil l  have been 
processed,  ensur ing th e data are  posit ioned correctly.   

Processed  Processed data wil l  have had changes made that  wil l ,  in  most  cases,  alter  

the original  data .  W ith the potential  removal ,  or  averaging,  of  data the 

abil ity  to  undertake archaeological  interpretation  may be ef fected  
including an increase in the minimum object  detection  size.  Th e impact  

wil l  however  depend on the level  of  th e processing  undertaken.   
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Data Type Descr iption  

Gridded or  

sub-sampled  

Processed data can also include gridded,  sub -sampled,  or  interpolated 

datasets .  The resultant  data wil l  have been reduced in  resolution (spatial  
and temporal) ,  with  the as  col lected posit ions of  datapoints  eith er  
removed ,  altered,  or  new data points  created through  the averaging 
process.  

Mosaics and 
f i les  in  
geoTIFF 

format  

Georeferenced images are typical ly  th e f inal  output of  most  geophysical  or  
hydrographic  data processing .  They al low a  visual  representat ion of  th e 
col lected data.  Wh ere they have been created f rom gridded data they are 

typical ly  produced at  the nat ive resolution,  i .e.  one pixel  is  equal  to  one 

grid  square .  F i les  in  geoTIFF  format  can include Z  data such as  amplitude,  
alt itude,  depth,  or  depth/t ime below seabed,  enabling  alterations to 
colour scales,  and sh ading within  GIS software.  

Third  party  

Interpretations  

Interpretations made by third part ies (survey contractors)  typical ly  form a 

del iverable of  marine development surveys.  The interpretat ion s  may 
include geological  hor izons,  seabed features,  or  magnet ic  anomalies.  As  
with processed data del iverables ,  the l imitat ions sh ould be understood,  
and th e data f rom which interpretations have been made should always be 

available for  independent rev iew .  

 

Consideration should be g iven to  dif ferent  data formats  and the 
l imitations of  each for  interpretation  in  relat ion to th e aims .  

Achievable results  wil l  be dictated by  the survey specif icat ion  and 
the data format.  For examp le,  i f  the aim  is  the ident if ication of  al l  
anthropogenic  debris  >0.3  m,  this  wil l  general ly  require th e 

interpretation of  navigation corrected s idescan sonar data .  I f  the aim 

is  to plot  the spatial  d istr ibut ion of  steel  shipwrecks ,  this may be 
achievable through th e rev iew of  a  mult ibeam bathymetry dataset  
that  has been processed ,  gr idded,  and exported  as  a  geoTIFF.  

 
Third  party  interpretat ions  made by survey contactor s  can inform the 

archaeological  interpretation proces ses  wh ere appropriate ,  and 
where the l imitations are understood.  However ,  arch aeological  

analysis ,  including the assessment  of  potent ial ,  must  be undertaken 
by a  suitably  qual i f ied and exper ienced  practit ioner .  Th is  wil l  be an 

archaeologist  suitably  tra ined in th e interpretation of  geophysical  

and hydrographic data,  or  for example a  geophysicist  or  a  geologist ,  

suitably  trained in  archaeological  interpretation.  

Data quality 

The quality  of  the data  directly  influence s th e abil ity  to undertake an 
effective arch aeological  assessment .  As  detailed in  previous 

sections,  data should be subject  to  a  quality  control  process  to  

ensure suitabil ity  for  interpretation,  recording any issues which may 
impact  the assessment in  relat ion to the aims of  the method 
statement .  Examples  may include;  a  shallower  penetration of  sub-
bottom profi ler  data than expected ;  magnetometer alt itude high er  

than the specif icat ion  increasing  the minimum object  detection  size,  

or  th e ef fects  of  weather  in  s idescan sonar  data producing data 
artefacts  obscur ing large areas.  
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The presentation of  th e data qual ity wil l  depend  on the organisation 
interpreting  the data and producing the report .  This  is  typical ly  in 

the form of  assessment against  pre -determined cr iteria ,  a discussion,  

or a combination of  both.  Th e assessment should be presented 

within th e report  as clearly as  pos sible .  To al low th e reader to 
ident ify  the l imitations of  the interpretat ion easi ly ,  the inclusion of  
examples should be considered.  Th e assessment of  data should 
made and presented in relat ion to each datase t  independently .  The 

fol lowing basic  assessment criter ia  can be a  good start ing  point  
where no organisational  guidance is  in place.  
 

Quality  Descr iption  

Very low quality  Data that  have mult iple or  s ignif icant issues with qual ity or  navigat ion,  
that  cannot  be corrected ,  or of  a  qual ity  so low that  archaeological  

interpretation cannot be undertaken.  

Low quality  Data that  has some issues with quality  or navigation that  cannot  be 
corrected.  The data are suitable for archaeological  interpretation,  but  
with a  notable reduct ion in th e abil ity  to  undertake archaeological  
interpretation to th e required specif ication.  

Good quality  Data that  has correctable,  or  minor  issues with quality  or navigation.  
Overal l ,  the data are suitable for  archaeological  interpretation to the 
required speci f ication.  

Very good qual ity  Data f ree f rom quality  or navigation issues above acceptable 
tolerances.  The data are  suitable for  archaeological  interpretation,  to 
the required speci f icat ion,  across  the extents  of  the survey area.  

Data interpretation 

The interpretat ion of  geophysical  and hydrographic  data is ,  by  its  

very  nature,  subjective.  However ,  with experience and by analysing 

the form,  s ize,  and characterist ics  of  an anomaly,  a  reasonable 

degree of  certainty  as  to the origin  can be achieved.  It  s hould be 
noted that  there may be instances where an anomaly  may exist  on 
the seabed but not be visible  in  the geophysical  data,  or  visible  as  a 

form that  may suggest  a  di f ferent  type of  feature,  even when data 
has been collected to an appropriate speci f ica tion.  This may be due 

to several  reasons ,  such as ;  being covered by  sediment or  obscured 

from the l ine of  s ight  of  th e sonar  by  other  features,  or  for  sensor  

speci f ic  reasons such  as large magnetometer anomalies  obscuring  

smaller  ones,  or  gas  blanking  (shallow gas restrict ing  penetration)  
within sub-bottom profi ler  data affect ing penetrat ion.  

 
Data interpretation parameters wil l  be defined within  the project  

design or  method statement  and sh ould be adhered to throughout  
the interpretation process.  For  marine  development  projects ,  the 
parameters  wil l  be informed by the stage of  the development .  For  

example,  survey  data resolution suf f icient  for environmental  
characterisation of  a  proposed development  area wil l  be di f ferent  to 

the higher resolution required for  detailed design and del ivery ,  prior 

to construction.   
 
The archaeological  assessment  of  geophysical  and hydrographic  data 

is  a special ist  task  and should be undertaken by a  professional ,  
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accredited and experienced marine archaeologist  with  a  proven 
background in data col lection,  processing  and interpretation .   

 

There may be instances wh ere  interpretations of  data have been 

undertaken by third  part ies  commensurate with the specif icat ion 
required for  further  archaeological  assessment.  Fol lowing quality  
control ,  there may be instances wh ere  th ese outputs are accepta ble 
for  use subject  to  further archaeological  interpretat ion .  Their  use  

can avoid the repl ication of  effort  between end users of  data ,  and 
therefore result  in  a  reduction of  t ime and expenses and ensure 
continuity across  the project .  For  example,  magnetic anomal ies 
ident if ied for  the purposes of  the ident if ication of  pUXO  (assuming 

al l  anomalies within the speci f ied range are ident if ied)  wil l  result  in 

a dataset  that  would correlate with magnetic  anomalies  picked by an 

archaeologist .  The crucial  step is  th e interpretation of  those 

anomalies ,  including the distr ibution,  for  archaeological  potential  

which must  be underta ken by an archaeologist .  In  comparison ,  the 
use of  seabed features  identi f ied in  sidescan sonar data by  a  third  
party  would not be considered acceptable ,  due to this requir ing 
archaeological  interpretation.  

 

The fol lowing examples assume th e data have been processed as in  
the proceeding sect ions .  However  it  should be noted processing 

software general ly  al lows for  interpretat ion,  and the processes may 
be undertaken concurrently.  A further assumption made is  that  th e 

data being assessed are of  the highest  resolution achievable.  

Measurements  can be taken in  most  data processing  and/or 

interpretation software,  and whilst  largely  accurate,  d iscrepancies  
can be noted due to several  factors .  

Sidescan sonar 

Sidescan sonar  is  general ly  considered th e best  technique for  the 
ident if ication of  anth ropogenic  anomalies on the seabed due to th e 

abil ity  to  ensonify small  features .  As such it  forms the basis  of  most  
archaeological  assessments,  and th erefore accurate interpretation is  
essent ial .  Sidescan  sonar  data sh ould be rev iewed on a  l ine -by- l ine 

basis by an archaeologist ,  using  raw or  navigation corrected data,  

and al l  anomal ies  of  potential  archaeological  interest  identi f ied.  

Each  anomaly  should be accompanied by a posit ion,  descr iption,  
length,  width  an d height  measurements,  and an image.  Results  

should be exported as  a .shp f i le  containing the above information .  
Images should be exported  at  a  size covering the extents  of  the 

anomaly  and at  a resolution wh ere detail  from which  the 

interpretation is  based  can be seen.  Ideally  this would  be th e 
resolution of  the source data.  
 
The mosaicing of  s idescan sonar data nearly  always result s in a  loss 

of  resolution,  a  reduct ion in  the percentage of  th e overal l  dataset  

that  can be viewed (due to th e overlap  between l ines) ,  and th e loss 

of  th e abil ity  to adjust  gains  to  ensure the optimal  presentation of  

data.  Where the use of  mosaiced data for archaeological  assessment 

is  th erefore not recommended the aim is  the identi f ication of  small  



 

Page | 131 

 

anomalies  (those smal ler  3.0 m) ,  that  may be impacted by marine 
development.   

 

Third  party  interpretat ions  of  sidescan  datasets ,  including the 

assessment  of  images of  features  that  may h ave been captured 
during  interpretat ion for other  purposes,  should not  be used for  
archaeological  assessment.  Such interpretat ions  lack context  and 
cannot  conf irm that  al l  anomalies  have been identi f ied.  I t  is  often 

the case that  sl ight  nuances within  the data or dist r ibution patterns  
of  features  wil l  be identif ied by  an archaeologist  as of  potential  
archaeological  interest  but  may not be ident if ied during  the 
interpretation of  the same data for  other purposes.  

Multibeam bathymetry 

The minimum object  detection  size of  mult ibeam bathymetry data is  

typical ly  larger  than with  sidescan sonar  data.  Often th e primary  use 
during  archaeological  assessment  is  seabed characterisation  and the 

corroboration of  anomalies identif ied within other  datasets .  Th is  can 
include th e v isual isation of  anomalies  that  may oth erwise be 
obscured by shadow.  

 
Several  software packages al low the concurrent assessment of  
mult ibeam bathymetry  and s idescan sonar  data.  Where this  is  not  

possible,  mult ibeam  bathymetry  data should be viewed on a  block -

by-block  basis .  Al l  anomalies of  potential  archaeological  interest  

should be identi f ied.  Each anomaly should be accompanied by a 
posit ion,  descr iption,  length,  width and height  measurements,  and 

an image.  Results should be exported as a .shp f i le  containing th e 
above information .  Images should be  at  a  size cover ing th e ex tents of  

the anomaly  and at  a resolution where detail  f rom wh ich th e 
interpretation is  based  can be seen.  This would be  the resolution of  

the source data.  
 

Over  large areas the interpretat ion of  mult ibeam bathymetry  data is  
not  practical  in th ree -dimensions with a navigation corrected point  
cloud,  and thus requires  a  two -dimensional  dataset.  This is  most  

easi ly  achieved using gridded data exported as  a  geoTIFF.  An 

appropriate colour scale and shading should be applied to highl igh t  

anomalies  that  may be of  archaeological  interest .  Wh ere th ere is  
doubt as  to th e or igin  of  an anomaly,  an assessment  of  the 

navigation corrected,  but  un -gridded dataset,  sh ould be ma de,  and 
therefore the dataset  should always be available within  the data 

del iverables.  

 
Third  party  interpretat ions,  including th e assessment  of  images of  
features that  may have been captured dur ing interpretation for  other 
purposes,  should not  be used for  archaeological  assessment .  Such 

datasets  lack context  and cannot confirm th at  al l  anomal ies  have 

been ident if ied .  I t  is  often th e case that  sl igh t  nuances within th e 

data or  distr ibution patterns wil l  be identi f ied by  an archaeologist  as 

of  potential  archaeological  interest ,  but  may not  in  be the 

interpretation of  data for  oth er  purposes.  
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Magnetometer 

Magnetometer data indicates  the presence of  ferrous,  and thus 

usually  anthropogenic,  material  both on,  and under  the seabed.  
Where l ine spacing al lows,  typical ly  to  a  specif icat ion for  the 
detection of  pUXO,  magnetometer  data can provide accurate 

posit ions of  buried ferrous anomalies .  These may not  be v isible  
within sidescan  sonar or mult ibeam bathymetry datasets.  
 
Arch aeological  interpretation of  magnetometer  data can be the most 

subjective when assessing  archaeological  potential .  Wh ere th ere is  

no surface expression in oth er  datasets ,  a large magnetometer 
anomaly  could represent buried mater ial  of  archaeological  interest  
or equal ly  modern debris .  A dist r ibution  of  small  magnetometer  

anomalies  over a large area could represent  the scattered remains of  

an aircraft ,  or  small  i tems of  modern debris  commonly  found on the 
seabed. Therefore,  interpretat ion should always re ference the 

archaeological  potential  of  the area.  For  example,  those areas wh ich 
saw high levels  of  aer ial  combat  during past  confl icts wil l  l ikely  have 
a high potential  for  crashed aircraft  remains to  be present .  

 

The interpretat ion of  magnetometer  data sh ould aim to ident ify  a l l  
anomalies  above the amplitude from which the minimum object  

detection size was calculated .  Where noise in the data al lows,  

smaller  anomal ies should also be identi f ied .  Interpretation should be 

undertaken using  t ime series plots ,  alongside grids or  contours (total  

f ield and residual) ,  the combination of  both  providing not  only th e 

locat ion and sh ape  of  the anomaly  on each l ine,  but  th e overal l  
extents ,  and the wider  distr ibution.  Several  software packages al low 

the concurrent assessment of  magnetometer data alongside 
mult ibeam bathymetry  and s idescan sonar  data,  which  can aid  in  

interpretation.  Al l  anomalies should be ident if ied and re corded with 
the posit ion,  the ampl itude,  the type ( i .e.  d ipole,  posit ive monopole,  

negative monopole) ,  the length along the track,  the width  fol lowing 
assessment  of  mult iple l ines,  and an est imat ion of  ferrous mass.  
Where the software package does not al low for th e calculation of  

mass,  and where manual  calculation s of  ferrous mass  for  each  
anomaly  would not be feasible ( i .e .  across  the extents of  a  large 

development )  a clear  statement  should be made outl in ing  the 
minimum object  detection  at  a range of  ampli tudes to  al low for  the 

assessment  of  potential .  Results  should be exported as  a  .shp f i le  
containing  the above informat ion.  

 

Magnetometer data di f fer  sl ightly  from th e v isual  techniques,  in  that  
init ial  interpretation rel ies  less  in it ial ly  on the assessment  being  of  
archaeological  potential  and more with determining  th e presence of  
ferrous mater ial .  Establishing  the presence of  ferrous material  wil l  

then be fol lowed by archaeological  assessment of  the dimensions  

and dist r ibution of  ferrous mass to establish the archaeological  
potential .  

 

Magnetometer data in  relat ion to marine  development,  part icularly  
offshore wind farms,  is  typical ly  col lected to ident ify  pUXO, with th e 
speci f ication for  col lection,  processing,  and the identi f ication of  
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anomalies  being commensurate with  the requirements  for  
archaeology.  Th e archaeological  assessment  of  anomalies  ident if ied 

by a  third-party for  th e purposes of  the identif ication of  pUXO can be 

considered i f  the processing  and anomaly  picking  parameters are 

understood,  al ign with the archaeological  requirements  and a qual ity 
control  process  is  undertaken.  
 
Navigation corrected data should always be available ( including for 

the qual ity  control  process)  and sh ould be reviewed .  Where there is  
doubt as  to th e shape or dist r ibution of  an anomaly,  or  in  areas of  
high potential ,  th ere may be a requirement  to consider  smaller  
anomalies  that  the minimum threshold .  This  is  part icular ly pert inent 

where there is  a  high potential  for  aircraft  crash sites ,  as  these can 

often result  in a wide distr ibution of  small  anomalies .  

Sub-bottom profiler 

Sub-surface data acquired from sub-bottom prof i lers  is  key  to  

understanding th e palaeolandscape and prehistor ic  archaeological  
potential  within  the survey area.  I t  should however  be noted that  
interpretation is  best  achieved alongside th e assessment of  

geotechnical  samples,  and therefore the interpretation  process  can 
be protracted and subject  to  ref inements  over  a  longer  period than 
with other  datasets.  Interpretat ion should also consider  mult ibeam 

bathymetry  data for th e assessment of  the current seabed 

topography,  and th e identi f ication of  surface features  in  relat ion to 

the palaeolandscape.  Interpretation sh ould always be made with  
reference to exist ing  data,  including geological  maps f rom the Br it ish 

Geological  Society  (BG S),  the results of  previous studies,  and extant 
geotechnical  data col lected within  the wider  area.  

 
The archaeological  interpretat ion of  sub-bottom profi ler  data  should 

aim to ident ify  and map sedimentary  units  and features,  such  as 
palaeoch annels,  based on their  seismic character  and l ikely  

deposit ional  environment .  Interpretations sh ould be correlated  with 
known geological  formations in th e area ,  using exist ing  data,  such  as 
that  from th e BGS.  The level  of  assessment th at  may be required,  

including rev iew ing a percentage of  th e dataset,  wil l  be determined 

by the palaeolandscape potential  of  th e survey area,  and may vary  

between regions.  A broad  scale assessment o f  th e area may highl ight  
areas of  greater arch aeological  potential ,  or  complexity ,  that  may 

require  the review of  addit ional  data to  resolve.  
 

Interpretation should be undertaken on a  l ine by l ine (or profi le by 

prof i le)  basis using  navigation corrected data with  al l  hor izons,  
changes in l i thology,  and features recorded as a  continuous l in e as  
far  as possible .  Records should include descr iptions of  the acoust ic  
propert ies and the depth below seabed.  Units should be correlated 

between l ines,  and cross  l ines.  The results  sh ould be built  into a  

ground model,  with h orizon grids and isopaches exported to al low 

the identi f ication of  extents,  depths,  and thickness over th e survey 

area.  The resultant  data sh ould th en corelated with exist ing 

geological  data and be subject  to  geoarchaeological  assessment  to 
establ ish  the palaeoarchaeological  potential  of  each unit ,  sub -unit ,  
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or  feature.  Images should be taken of  prof i les,  or  sections of  prof i les,  
of  potential  archaeological  interest .  These should  clearly  display the 

depth below seabed,  the interpretation,  and the start  and end 

posit ions.  

 
The l ine-by- l ine interpretat ion of  sub-bottom profi ler  data should be 
undertaken by an arch aeologist .  The extent of  th e assessment,  both 
geographical  and percentage of  data v iewed,  should be informed by 

the archaeological  potential  as  defined by the desk -based 
assessment .  Fol lowing a  quality control  process,  the results  and 
select  prof i les  from third-party interpretations  can be used to inform 
the assessment  of  potential  and th erefore th e extents of  targeted 

assessment .  Without the input of  a  geoarchaeologist  dur ing 

production,  th e assessment of  third -party  ground model  derived data 

are unl ikely  to  be suff icient  within areas of  high potential  or  

geological  complexity .  Whilst  they wi l l  present main geological  units,  

and features,  there is  general ly  l i t t le  in  the way of  the interpretation 
of  small -scale  nuances in th e data that  may indicate archaeological  
potential .   
 

Due to the intrinsic  l ink between th e interpretation of  geophysical  

data and geotechnical  material ,  the overal l  interpretation st rategy to 
produce a  sedimentary deposit  model  should be detailed within an 

archaeological  Written Sch eme of  Investigat ion.  Considerat ion 
should be given to th e phase of  development  to  which  the 

interpretation relates,  the level  of  assessment required and the 

t imescales  of  th e geophysical  and geotechnical  campaigns.  

Combined assessment 

Following the quality  control  of  al l  available survey data a  combined 
assessment  should be undertaken through a correlat ion exercise 

which should amalgamate duplicate anomalies  and develop an 
understanding of  the extent  of  a feature that  may be part ial ly  bur ied,  

or span across two or  more l ines  of  data.  Typical ly,  this  is  
undertaken within  a  GIS plat form, with the results of  the individual  
assessment s imported in  .shp f i le format,  along with  f i les  in geoTIFF 

format  created from gr ids  or  mosaics .  

 

Data f rom the United Kingdom Hydrographic Off ice (UKHO),  including 
the posit ions of  wrecks and obstructions,  Historic  Environment  

Records (HER)  and Nat ional  Marine Her itage Record (NMHR) data,  as 
well  as  al l  other  relevant data such as  third -party  assets  should be 

imported,  and assessed concurrently  to  ensure that  any addit ional  

information is  drawn upon .  This wil l  ensure that  anomalies  are not  
unnecessar i ly  identi f ied as having archaeological  potential  when the 
origination can be identif ied.  Th e resultant  remaining anomal ies 
assessed as  having archaeological  potential  should be compiled into 

a gazetteer and exported as  shapefi le containing al l  relevant 

information.  
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12 Example 

specifcations 
This section provides examples of the specifications of geophysical 

and hydrographic surveys that would meet the requirements for 
archaeological characterisation (prospection), investigation and site 

specific surveys. The examples provide a robust starting point when 

planning or commissioning surveys and allow an assessment of the 
suitability for archaeological interpretation of data collected by a 

third party.  

As noted throughout this guidance, the specification for surveys will 

be determined by the aims of the interpretation and the suitability to 
answer research questions. The specifications for research projects 

are discussed with examples in Section 6. Whilst frequencies, range, 

and line spacing have been detailed below, the main driver for the 
specification is the minimum object detection size. Where 

positioning or data cannot meet the specification, clear statements 

should be made as to the reasons why, and how it will be mitigated. 

Introduction 

To ensure the accessibil ity  of  this guidance and avoiding over  

complication,  i t  del iberately only  focuses on the four  pr imary  
techniques :  sidescan sonar ,  mult ibeam bathymetry ,  magnetometer ,  

and sub-bottom profi ler .  Th ese techniques are accessible to a wide 
range of  users ,  and the technological  concepts broadly  easi ly  

understood.  It  is  noted that  derivat ives  of  these such as  Synth etic  

Aperture Sonar (SAS),  Inter ferometric Sonar ( IS)  and 3D  Chirp are 
available,  as  well  as  other more special ist  techniques such  as  those 
using pulse induction or l ight-based techniques,  al l  of  which  have 

certain  benefic ial  appl ications.  The use within an archaeological  

context  is  acceptable,  but  an assessment must be made as to 
whether  they meet  the specif icat ions for  interpretation as  defined 
below.  

 

Whilst  a l l  of  the four techniques are detai led in  each  example 
speci f ication ,  there may be instances wh ere not al l  are required to 
meet  the aims of  the survey .  Or,  where surveys are undertaken in 
phases,  for  example the col lect ion of  al l  four  datasets  to  inform the 

consenting process,  and then the col lection of  sidescan sonar,  

mult ibeam bathymetry ,  and magnetometer  to inform to inform the 

pre-construction process.  
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Example data collection specifications 

Characterisation (prospection) survey 

 

S idescan sonar 

Positioning DGNSS and USBL  

Minimum object 

detection size 

0.5 m in any direction 

Frequency >400 kHz 

Range <100 m 

Line spacing  Based on range to achieve coverage requirements 

Altitude <10-15% of range 

Coverage 100% excluding the water column 

Navigation corrected 
data format 

.xtf 

Mult ibeam bathymetry  

Positioning RTK and Motion  

Minimum cell size 1.0 m in water depths < 40 m 

2.0 m in water depths >40 m 

IHO Standard 
alternative 

IHO Special Order  

Frequency >350 kHz 

Swathe angle Depending on depth and to achieve specification 

Line spacing  Based on swathe angle to achieve coverage 

requirements 

Coverage 100% 

Navigation corrected 

data format 

ASCII as individual lines 

Magnetometer  

Positioning DGNSS and USBL  

Minimum object 

detection size 

̴ 1,500 kg along survey lines 

Update rate >4 Hz 

Line spacing  Concurrent with sidescan sonar or between 50 – 100 m 

Altitude <15 m 

Navigation corrected 

data format 

ASCII as individual lines 

Sub-bottom profi ler  

Positioning 
DGNSS and USBL for towed systems 
DGNSS and Motion for vessel mounted systems 

Vertical resolution 0.1 - 0.3 m for high frequency systems 
0.5 - 1.0 m for low frequency systems 

Penetration Below maximum depth of scheme impact.  

Where the impact is shallow, the base of the first unit 
should be resolved 

Frequency Depending on system and required penetration 

Line spacing  Concurrent with sidescan sonar or between 50 – 100 m 

Ping rate/shot interval Depending on system >1.0 m 

Navigation corrected 
data format 

SEG-Y 
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Investigation survey 

 

S idescan sonar 

Positioning DGNSS and USBL  

Minimum object 

detection size 

0.3 m in any direction 

Frequency >400 kHz 

Range <100 m 

Line spacing  Based on range to achieve coverage requirements 

Altitude <10-15% of range 

Coverage 200% including the water column 

Navigation corrected 

data format 

.xtf 

Mult ibeam bathymetry  

Positioning RTK and Motion  

Minimum cell size 0.5 m in water depths <40 m 

1.0 m in water depths >40 m 

IHO Standard 

alternative 

IHO Exclusive Order <40 m 

IHO Special Order >40 m 

Frequency >350 kHz 

Swathe angle Depending on depth and to achieve specification 

Line spacing  Based on swathe angle to achieve coverage 
requirements 

Coverage 100% 

Navigation corrected 
data format 

ASCII as individual lines 

Magnetometer  

Positioning DGNSS and USBL  

Minimum object 
detection size 

̴ 100 kg along survey lines 

Update rate >10 Hz 

Line spacing  <10 m 

Altitude <6.0 m 

Navigation corrected 
data format 

ASCII as individual lines 

Sub-bottom profi ler  

Positioning DGNSS and USBL for towed systems 
DGNSS and Motion for vessel mounted systems 

Vertical resolution 0.1 - 0.3 m for high frequency systems 
0.5 - 1.0 m for low frequency systems 

Penetration Below maximum depth of scheme impact.  
Where the impact is shallow, the base of the first unit 

should be resolved 

Frequency Depending on system and required penetration 

Line spacing  Concurrent with sidescan sonar or depending on 

requirements established as to the necessity for 
additional data, and commensurate with potential 

Ping rate/shot interval Depending on system >1.0 m 

Navigation corrected 
data format 

SEG-Y 
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Site specific survey 

 

S idescan sonar 

Positioning DGNSS and USBL  

Minimum object detection size 0.3 m in any direction 

Frequency >400 kHz – higher frequency preferred 

Range <50 m 

Line spacing  Based on range to achieve coverage 
requirements 

Altitude <10-15% of range 

Coverage 200% including the water column 

Navigation corrected data 

format 

.xtf 

Mult ibeam bathymetry  

Positioning RTK and Motion  

Minimum cell size 0.1 m in water depths <30 m 

0.25 m in water depths <50 m 
0.5 m in water depths >50 m 

Frequency >350 kHz consideration should be given to 

systems cable of >700 kHz 

Swathe angle Depending on depth and to achieve 

specification 

Line spacing  Based on swathe angle to achieve coverage 
requirements 

Coverage 200% 

Navigation corrected data 
format 

ASCII as individual lines 

Magnetometer  

Positioning DGNSS and USBL  

Minimum object detection size ̴ 100 kg along survey lines 

Update rate >10 Hz 

Line spacing  <10 m 

Altitude <6.0 m 

Navigation corrected data 
format 

ASCII as individual lines 

Sub-bottom profi ler  

Positioning DGNSS and USBL for towed systems 
DGNSS and Motion for vessel mounted systems 

Vertical resolution 0.1 - 0.3 m for high frequency systems 

0.5 - 1.0 m for low frequency systems 

Penetration Penetration depending on aims 

Frequency Depending on system and required penetration 

Line spacing  Depending on aims. 10 – 30 m for small areas 

Ping rate/shot interval Depending on system >1.0 m 

Navigation corrected data 

format 
SEG-Y 
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13 Data deliverables 
The guidance for data deliverables relates to those required for 

archaeological interpretation, and the expected formats as well as 
those that should be delivered following archaeological 

interpretation, and from which the resulting report should be based.  

The list is not exhaustive, and the overarching principle is that data 
should be delivered in industry standard formats and be able to be 

imported into most commercially available software packages. 

Proprietary data formats, or those tied to a single software package, 

are not recommended unless the software used is the industry 

standard, and its use is almost exclusive. 

Data deliverable formats 

The tables below give guidance on data formats that  can be 
considered standard outputs .  D el iverables should be agreed with  the 

cl ient,  the end user ,  and/or  Histor ic  England ,  prior to th e 
commencement of  survey  operations.  Raw data have not  been 

included within  this  section  as th ey are typical ly  col lected in  
proprietary  formats .  G IS f i le formats  l isted h ere  are industry  
standard.  Note that  some f i le  extensions may be th e same between 

software packages but  may not  be compat ible ;  certain  grid  f i les  are a  

good example of  this .  

  

Fi gu re 5 2:   

A n U ncr ew ed 

S urv ey V ess e l  (U SV )  

u nd er ta ki n g a  

mu lt ib ea m 

bat hy me try  sur ve y.   

© U n cr ewe d S urv ey 

So l ut io n s  
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Navigation corrected data 

Technique Data Format  

Sidescan sonar eXtended Triton Format (.xtf) 

Multibeam bathymetry ASCII as individual lines (.txt, .csv, .pts, .asc) 

Magnetometer ASCII as individual lines (.txt, .csv, .pts, .asc) 

Sub-bottom profiler SEG-Y (.sgy, .segy) 

Trackplots Shapefiles (.shp), vector (.dxf, .dwg) 

Processed data 

Technique Data Format  

Sidescan sonar eXtended Triton Format (.xtf) 

Multibeam bathymetry ASCII as individual lines (.txt, .csv, .pts, .asc)  
ASCII as point cloud (.txt, .csv, .pts, .asc, .las) 

Magnetometer ASCII as individual lines (.txt, .csv, .pts, .asc) 

Sub-bottom profiler SEG-Y (.sgy, .segy) 

Trackplots Shapefiles (.shp), vector (.dxf, .dwg) 

Gridded, sub-sampled, and visual outputs 

Technique Type of  Output  Data Format  

Sidescan sonar Mosaic GeoTIFF (.tif, .tiff) 

Coverage maps GeoTIFF (.tif, .tiff) 

Multibeam bathymetry Gridded point clouds ASCII (.txt, .csv, .pts, .asc, .las) 

Digital Elevation Models GeoTIFF (.tif, .tiff) 
Other formats (.flt, .bag) 

Raster (no elevation 
data) 

GeoTIFF (.tif, .tiff) 

Contours Shapefiles (.shp) 

Magnetometer Gridded processed data ASCII (.txt, .csv, .pts, .asc, .las) 

Altitude, total field, 
residual grids 

GeoTIFF (.tif, .tiff) 
ASCII grid (.asc) 
Other formats (.grd) 

Contours Shapefiles (.shp) 

Sub-bottom profiler Outputs at this stage, including the ground model, are 
likely to be proprietary (see interpreted deliverables) 

SEG-Y (.sgy, .segy) 

Interpreted outputs 

Technique Type of  Output  Data Format  

Sidescan sonar Identified anomalies 

(points) 

Shapefiles (.shp) 

Gazetteer (.csv) 

Identified anomalies 
(areas) 

Shapefiles (.shp) 

Anomaly images Raster (.tif, .jpg, .png) 

Multibeam bathymetry Identified anomalies 
(points) 

Shapefiles (.shp) 
Gazetteer (.csv) 

Identified anomalies 

(areas) 

Shapefiles (.shp) 

Anomaly images Raster (.tif, .jpg, .png) 
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Technique Type of Output Data Format  

Magnetometer Identified anomalies 

(points) 

Shapefiles (.shp) 

Gazetteer (.csv) 

Identified anomalies 

(areas) 

Shapefiles (.shp) 

Anomaly images (from 
plot/raster) 

Raster (.tif, .jpg, .png) 

Sub-bottom profiler Identified anomalies 

(point reflector) 

Shapefiles (.shp) 

Gazetteer (.csv) 

Profiles (complete/part) Raster (.tif, .jpg, .png) 
Document (.pdf) 

Horizons (raster with 
elevation data) 

GeoTIFF (.tif, .tiff) 

Horizons (grid) ASCII grid (.asc) 
Other formats (.grd) 

Horizons (vector) Shapefiles (.shp) 

Reports 

All  geophysical  and hydrographic  data col lected by a third  party  
should,  at  a  minimum , include a  report  outl ining the data col lection 

parameters  and speci f ication,  and th e results of  cal ibrations.  Data 

that  have been processed sh ould be accompanied by a processing 
report  outl in ing th e methodology,  the parameters,  and al l  changes 
that  have been made to the data.  Data that  ha ve been interpreted 

should be accompanied by  an interpretation report  outl in ing th e 

methodology,  parameters ,  and with  a  clear presentat ion of  th e 

results.  Depending on the scale  of  the survey ,  the reports  may be 

presented as a combined report ,  or  separate reports .  Reports should 
be supplied in  a  format able to be read in  Microsoft  Word,  or  as  .pdf.  
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14 Reporting 
The culmination of any geophysical survey is the production of 

technical reporting. Whilst reports may be produced for several 
different purposes, there are minimum sections that should be 

included, and minimum levels of information that should be 

presented. 

This section provides guidance on the report sections required, 

along with examples of the information and figures that should be 

included. It is noted that report structures may vary dependant on 

the author, the client, and the intended use, however the following 

serves as a basic report structure: 

Technical report template 

The fol lowing table is  intended to provide a  suggested st ructure and 
content for  a  technical  report .  
 

Summary Th ings to  consider  

1  Introduction  

The introduction should 

provide a  br ief  overview 
of  th e project  

◼  The name of th e project .  

◼  The organisation writ ing the report .  
◼  The cl ient .  
◼  The legal ,  or  consenting,  status  of  th e site or the 

development .  

◼  Document reference,  vers ion and date .  

◼  The purpose of  the report .  
◼  The contents  of  the report .  

2  Location 

This  section should 
def ine the location and 

the status  of  the project  

◼  The distance in  metres  or  km,  and the direction,  from an 
ident if iable locat ion on shore,  usually  a  town or a named 

locat ion.  
◼  Whether  the project  fa l ls  within inshore waters,  up to 12  nm 

from the normal t idal  l imit  (NTL) ,  or  in  of fshore waters ,  
between 12 nm and 200 nm from the NTL .  

◼  The size of  th e survey area (or  the development)  in m 2  or  km 2 .  
◼  A f igure showing th e location of  the project ,  clearly  showing 

the location in  relat ion to a  landmass or  oth er  recognisable 

feature .  
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3  Aims and Objectives  

The aims and objectives  

of  th e project  should be 
clearly  and concisely  
stated.  

◼  Aims focus on what  th e project  intends to achieve .  

◼  Objectives  focus on how the aims wil l  be achieved .  
◼  Reference to relevant  research  f rameworks.  

4  Methodology 

The methodology should contain  al l  th e information about h ow the survey was conducted,  

how the data were processed,  and how the assessment  was undertaken.  Th e suggested sub -
sections wil l  ensure th at  al l  key  informat ion is  included .  

4 .1  Data Collection  

This  section should 

include information 

related to data 
col lection.  

◼  Who collected th e data?  

◼  When were th e data col lected?  

◼  The speci f ication of  th e survey,  including:  
◼  The manufacturer  and model  of  any sensors  used 

( including posit ioning)  

◼  Frequencies/ranges/penetration  

◼  Deployment method  
◼  Line spacing  
◼  Coverage  

◼  Expected resolutions  
◼  The coordinate reference system (CRS)  

◼  Data del iverables  
◼  The format of  any raw  data col lected ,  or  the format  they 

were supplied in  
◼  Where data were suppl ied in  a  processed format this  should 

be detailed .  
◼  Figures to include coverage,  and/or l ine plans,  of  a l l  sensors .  

4.2 Data Quality  and Limitations  

A statement  on the data 

quality,  and any 
l imitations,  should be 

provided.  Depending on 
the overal l  report  

structure this  may be 

more appropriate with in 

the results sections.  

◼  The quality  of  the posit ioning .  

◼  Does the navigation h ave any signi f icant  errors?  
◼  Do individual  l ines of  data from the same sensor  al ign?  

◼  Do data from di fferent  sensors al ign?  
◼  The quality  of  the data,  noting  degradation caused by:  

◼  Motion and weath er .  

◼  Inter ference (other  sensors,  vessel ,  etc .) .  

◼  Inappropriate sett ings  (recorded range too great ,  etc .) .  
◼  Survey speed .  

◼  Limitations of  the data:  
◼  Coverage .  
◼  Resolution/penetration .  

◼  Topography/acoustic shadow .  
◼  Suitabil ity  to  meet  the aim of th e project  requirements .  
◼  Figures.  
◼  Data image examples  i f  required .  
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4 .3  Data P rocessing  

The data processing  

workflow for each sensor  
should be provided in  
enough detail  that  the 
results,  or  th e f inal  

datasets ,  can be 
reproduced within 
reason.  

◼  Software used and version number .  

◼  Input data format .  
◼  Correct ions undertaken .  
◼  Sett ings applied,  including gains  and f i l ter ing .  
◼  Output data format .  

4 .4  Archaeological  Assessment and Interpretat ion  

The archaeological  
assessment  and 

interpretation workf low 
for  each  sensor ,  and al l  

sensors  combined should 
be provided.  Whilst  this 
wil l  depend on  the aims 
and objectives of  the 

project ,  th e fol lowing are 
provided for  
considerat ion.  

◼  The assessment parameters,  including thresh olds,  scope,  and 
area.  

◼  How data were reviewed .  
◼  How data were assessed .  

◼  The assessment criter ia .  
◼  Software used and version number .  
◼  Addit ional  data sources consulted .  
◼  Data output  formats.  

 

5  Results  

The results  wil l  depend 

on the aims and 
objectives  of  th e project  

and wil l  guide the 
report ing  format .  

◼  Results should clear ly  al ign with th e aims and objectives  of  

the project .  
◼  Results should be presented clearly ,  but  concisely  with  

tabulated results and summaries  used to enable easy  
extract ion of  data .  

◼  What was not achieved (this  can be as important as  what  was 
achieved) .  

◼  Figures provide a v isual  representation of  geophysical  and 

hydrographic  data and should be used within  the results  

section to demonstrate th e results,  part icularly in  relat ion to 
the aims and objectives.  Considerat ion should be given to:  
◼  Locat ion and spatial  p lots  

◼  Visual  representations of  data  

6  Mit igation 

Recommended 

mit igation should be 
presented clearly.  

◼  Mitigation cr iteria ,  including anomalies of  archaeological  

interest  and th e palaeolandscape .  
◼  Tabulated information including the posit ions,  and extents  of  

any exclusion zones .  
◼  Details  of  other mit igation measures  and how they should be 

implemented.  This  should include mit igation for  the 

palaeolandscape.  
◼  Figures showing the spatial  extents  of  any recommended 

mit igation .  
◼  Figures showing the spatial  distr ibution of  any recommended 

mit igation.  
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7  Recommendations for  Furth er  Work  

Recommendat ions for 

further  work that  may be 
required should be 
made.  Addit ional  works 
are not  restricted to 

geophysical  and 
hydrographic  survey,  but  
can include:  
◼  ROV and/or diver  

survey or  ground 

truthing 
◼  Intrusive 

investigations  
◼  Geotechnical  

investigations  
◼  Desk-based 

Assessment  and/or 
assessments of  

signi f icance  

◼  Were the aims and objectives met?  

◼  Any l imitat ions in th e data th at  mean addit ional  works are 
required to meet  the aims and object ives .  

◼  Future planned survey strategy .  
◼  Ongoing or  future monitoring  that  may be required.  

8  Conclusion 

The conclusion should 

summarise the technical  
report ,  present ing th e 

key results  and 
recommendations.  

Conclusions should be 

succinct ,  not  introduce 

new informat ion,  and be 
able to  be read and 

understood in isolat ion 

from the main body of  
the report .  

◼  Key results .  

◼  Recommendat ions i f  applicable .  
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9  F igures 

Figures form a core 

component  of  a  
geophysical  and 
hydrographic  technical  
report  and are often 

required to be able to 
present  results clearly .  
Figures should present 
the contents  clearly  and 

should avoid t rying  to 

show too much in one 
image.  

 
Figures should be scaled 

appropriately to clearly 
i l lustrate the points  of  

discussion in  the text .  
 

An example f igure is  

given in  Figure 53.  

◼  Administrat ive details .  

◼  Author.  
◼  Date.  
◼  Revision.  
◼  Quality  assurance.  

◼  Figure details .  
◼  Project  t it le .  
◼  Figure t it le .  
◼  Technical  details .  

◼  Scale.  

◼  Coordinate reference system.  
◼  North arrow .  

◼  Legend.  
◼  The legend should identify  al l  data presented within  the 

f igure.  
◼  Colour  scales  should be included where data is  presented as  a  

raster .  
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15 Archiving 
While data collection strategies, equipment, and reporting structures 

will vary, methods of archiving and long-term data retention should 
be standardised to ensure the data is preserved and accessible. 

Archiving of geophysical data allows for the reuse of data and helps 

build the growing repository of available knowledge about the 

seabed. 

A data management plan that includes provision for archiving 

should be embedded in the original project design, agreed with 

Historic England and completed as part of the reporting process. 
Any relevant metadata should be included with the archive to 

support future applications. Dependent on the format of the data 

There are different repositories that can archive and subsequently 
facilitate access to marine geophysical and hydrographic data, 

dependent on the format of the data. It can be beneficial to identify 

the repository prior to undertaking geophysical works to help 

structure the data outputs and streamline the submission process. 

This section provides guidance on the data archiving process, 

associated metadata, and the data repositories and agencies that 

provide data storage and standards. 

Metadata 

Metadata is  data about the geophysical  data and is  integral  to  the 
archiv ing process.  I t  refers to the information that  provides context ,  

structure,  and details  about data.  Metadata can include information 
on the data’s sources,  creation dates,  s ize,  forma ts,  owners,  access  

permissions,  retention pol icies,  and governance.  Metadata 
requirements  should be considered f rom th e outset  of  th e projec t  

and include early  l iaison with the  planned archive repository  over 

requirements.  Archiving of  geophysical  data wil l  and should include 
data pert inent to th e project ,  and the structure of  the metadata 

should fol low that  required by  the repository .  
 

Metadata can include but is  not  l imited to:  

◼  Why was th e data col lected?  
◼  Quality  control  

◼  Final  data del iverables  

◼  Files in geoTIFF  format  
◼  Figures  
◼  Track plots  
◼  Navigation  

◼  Notes and/or  progress  reports  

◼  GIS Projects  

◼  Shapef i les  
◼  Geodatabases  
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◼  Project  Report  or Summary  
◼  Data collection parameters  

◼  Contactor  details  

◼  Vessel  details  

◼  Equipment details  
◼  Project  datums ( including coordinate reference systems (CRS),  

vert ical  datums,  transformations)  
◼  Owners ( i f  any)  

◼  Data access  permissions  
◼  Intended l i fe  cycle  

Data Standards 

Data Reuse – Collect once, use many times 

Collection of  marine geophysical  data can be a costly  endeavour ,  
both in  terms of  economic and environmental  parameters.  Data 

col lected during  marine geophysical  survey should be as  widely  
accessible  as  possible ,  although th ere may be caveats t o this 
depending  on the reason for  the data col lect ion.  Good practice in  

data archiving,  storage,  and dissemination encourages a policy  of  

col lect  once,  use many t imes.  When marine data is  stored properly it  

can be safeguarded for long term use.   
 

Data standards improve th e ef f iciency of  data storage,  retrieval ,  and 

security  and should fol low th e principles  of  FAIR data to optimise the 

reuse of  data.  Th e FAIR guidel ines  are intended to improve the 
(F) indabil ity,  (A)ccessibil ity,  ( I )nteroperabti l i ty,  and (R)euse of  digital  
data 8.  Th ey promote interoperabil ity,  long -term accessibil ity,  data 

integr ity,  and compl iance,  ult imately  ensuring that  archived data 
remains valuable and usable throughout  its  l i fecycle.  The 

Arch aeology Data Serv ice (ADS)  provide a  ser ies  of  guidance for  best  
pract ice on digital  data standards,  col lection,  and storage,  including 

those for  marine survey.  At  the t ime of  writ ing this  guidance ,  the ADS 
marine survey guide to good practice was due to be updated and wil l  
form an important  guide in  future.   

Data Repositories and Archives  

Data repository  bodies  should be consulted for guidance on data 
structure,  formatting,  and l imitations prior to project  completion 

and data submission.   

 
Adherence to  data standards and FAIR guidel ines  faci l itates 
col laborat ion,  al lows for integration with other  datasets,  and 
supports  the long -term preservation and reuse of  valuable marine 

geophysical  informat ion.  Data reuse faci l itates  the accumulation of  

knowledge over  t ime.  By bui lding  on previously col lected marine 
data,  research ers  and the commercial  sector  can contribute to  a  
comprehensive understanding of  marine environments and 
processes.  Historical  data can be compared with new observations,  

aiding  in  the ident if ication of  trends,  changes,  and potential  impacts 

on marine ecosystems. Fol lowing th e latest  guidance on data 

 
8 https://www.go-fair.org/fair-principles/ 
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archiv ing promotes ef f iciency,  col laboration,  and long -term  
posit ively  impacts  marine research by maximising  the uti l i ty  of  

exist ing  data and ensuring its  accessibil ity,  t ransparency,  and 

adherence to establ ished standards.  

 
The Ch artered Inst itute for  Archaeologists  (CIfA)  provides further 
guidance on the creation and deposit ion of  geophysical  data 
archives  (CI fA  2020) .  

 
Relevant  data repositories include:  

OASIS  

OASIS is  an online report ing  form enabling  archaeological  and 

heritage practit ioners to provide information about  their  

investigations to  regional  Historic  Environment Records (HERs)  and 
respective national  heritage organisations.  As well  as  being an 

information-gather ing tool ,  researchers  may share reports with HERs 

for  public release in th e Archaeology Data Service (ADS)  Library .  Th e 
ADS, in  addit ion to making the reports  available onl ine for access  to 
the wider publ ic ,  undertakes th e curat ion and archiv ing of  the dig ital  
f i les,  ensur ing long-term preservation.  

Archaeology Data Service (ADS)  

The ADS is  a  repository for  archaeological  and histor ic  environmental  
data and provides guidance on data standards and data retention.  

British Geological Survey (BGS) 

The BGS preserves  geoscienti f ic data such  as  side scan sonar and 

sub bottom prof i ler  data.   

United Kingdom Hydrographic Office (UKHO)  

The UKHO is a repository  for  hydrographic  data and crit ical  
navigational  information l ike marine charts .  

MEDIN  

MEDIN is  a repository for marine datasets  from over  600 UK 

organisat ions including research and commercial  units.  
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16 Further Reading  
Historic England: Publications and Webpages 

Coastal  and Marine Planning  
https://historicengland.org .uk/advice/planning/marine -planning   
 

Managing the Marine Histor ic  Environment  

https://historicengland.org .uk/advice/planning/marine -
planning/marine-historic- environment   

 

Histor ic  England 2015 Marine Licensing and England’s  Histor ic  

Environment .  https://histor icengland.org.uk/images -
books/publ icat ions/marine - l icensing -and- englands-historic-
environment/heag025 - marine- l icensing   

 

Histor ic  England 2021 Commercial  renewable energy  development 
and th e historic  environment Historic  England Advice Note 15 
https://historicengland.org .uk/images -

books/publ icat ions/commercial -renewable- energy-development -
histor ic-environment - advice-note-15/h eag302-commercial -

renewable-energy-development -historic- environment  

Acts of Parliament 

Act  of  Parl iament (UK)  1973 Protection of  Wrecks Act  

https://www.legislat ion.gov.uk/ukpga/1973/33/pdfs/ukpga_19730033
_en.pdf  
 

Act  of  Parl iament (UK)  1979 Ancient  Monuments and Archaeological  

Areas Act  
https://www.legislat ion.gov.uk/ukpga/1979/46/pdfs/ukpga_19790046
_en.pdf  
 

Act  of  Parl iament (UK)  1986 Protection of  Mil itary  Remains Act  
https://www.legislat ion.gov.uk/ukpga/1986/35/pdfs/ukpga_19860035
_en.pdf   

 
Act  of  Parl iament (UK)  1995a Historic  Monuments  and Archaeological  

Objects  (Northern Ireland)  
https://www.legislat ion.gov.uk/nisi/1995/1625/contents/  
 

Act  of  Parl iament (UK)  1995b Merchant  Shipping Act  

https://www.legislat ion.gov.uk/ukpga/1995/21/data.pdf  
  
Act  of  Parl iament (UK)  1997 Planning (Listed Buildings and 

Conservat ion Areas)  (Scotland).  

https://www.legislat ion.gov.uk/ukpga/1997/9/contents  
 

https://historicengland.org.uk/advice/planning/marine-planning/
https://historicengland.org.uk/advice/planning/marine-planning/marine-historic-environment/
https://historicengland.org.uk/advice/planning/marine-planning/marine-historic-environment/
https://historicengland.org.uk/images-books/publications/marine-licensing-and-englands-historic-environment/heag025-marine-licensing/
https://historicengland.org.uk/images-books/publications/marine-licensing-and-englands-historic-environment/heag025-marine-licensing/
https://historicengland.org.uk/images-books/publications/marine-licensing-and-englands-historic-environment/heag025-marine-licensing/
https://historicengland.org.uk/images-books/publications/commercial-renewable-energy-development-historic-environment-advice-note-15/heag302-commercial-renewable-energy-development-historic-environment
https://historicengland.org.uk/images-books/publications/commercial-renewable-energy-development-historic-environment-advice-note-15/heag302-commercial-renewable-energy-development-historic-environment
https://historicengland.org.uk/images-books/publications/commercial-renewable-energy-development-historic-environment-advice-note-15/heag302-commercial-renewable-energy-development-historic-environment
https://historicengland.org.uk/images-books/publications/commercial-renewable-energy-development-historic-environment-advice-note-15/heag302-commercial-renewable-energy-development-historic-environment
https://www.legislation.gov.uk/ukpga/1973/33/pdfs/ukpga_19730033_en.pdf
https://www.legislation.gov.uk/ukpga/1973/33/pdfs/ukpga_19730033_en.pdf
https://www.legislation.gov.uk/ukpga/1979/46/pdfs/ukpga_19790046_en.pdf
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18 Acronyms 
 
ADS  Arch aeology Data Serv ice  

AEZ  Arch aeological  Exclusion Zone  

AGC Automatic Gain Control  
ALSF  Aggregate Levy  Sustainabil ity  Fund  
AUV Autonomous Underwater  Vehicle  

BAC  Beam Angle Correction  
BGS  Brit ish G eological  Survey  

BMAPA  Brit ish Marine Aggregate Producers Associat ion  

CEFAS  Centre for Environment,  Fisheries  and Aquaculture Science  

CIfA   Chartered Inst itute for  Archaeologists  

CIfA  RO  Chartered Inst itute for  Archaeologists Registered 
Organisation  

CoG Centre of  Gravity  
CoR Centre of  Rotation  

COWRIE  Collaborative Offshore Wind Research into the Environment  
CRS Coordinate Reference System  
db Decibels  

DBA  Desk-based Assessment  

DCMS  Department for  Digital ,  Culture,  Media  and Sport  

DCO Development  Consent  Order  

DD Decimal  Degrees  

DDM Degrees Decimal  Minutes  
DDV Drop Down Video  

Defra   Department for  Environment,  Food and Rural  Affairs  
DGNSS  Different  Global  Navigation Satel l ite System  

DGPS  Differential  Global  Posit ioning System  
DML Deemed Marine Licence  

DMS Degrees Minutes  Seconds  

EGNOS European Geostationary Navigation Overlay  Serv ice  
EIA  Environmental  Impact Assessment  

ES Environmental  Statement  
ETRS89  European Terrestr ial  Reference System 1989  

FAIR  Findable,  Accessible,  Interoperable,  Reusable  
FEED  Front  End Engineering  Design  
GNSS Global  Navigation Satel l ite System  

GPS  Global  Posit ioning System  

GRS80  Geodetic  Reference System 1980  
HE  Histor ic  England  
HER  Histor ic  Environment  Record  
HES  Histor ic  Environment  Scotland  

Hz /  kHz  Hertz  /  k i loH ertz  

ICOMOS  International  Council  on Monuments  and Sites  
IHO International  Hydrographic  Organi zation  

IMU Inert ial  Measurement Unit  
IS Inter ferometric Sonar  

JNAPC  Joint  Nautical  Archaeology Policy  Committee  

JNCC  Joint  Nature Conservation Committee  
LBL  Long Basel ine  
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MBES  Mult ibeam Echosounder  
MCA  Marit ime and Coastguard Agency  

MEDIN  Marine Environmental  Data Information Network  

MMO  Marine Management  Organisation  

MOD Minimum object  detection  size  
MoRPHE  Management  of  Research Projects  in  the Historic 

Environment  
MPS Marine Policy Statement  

MPPA Marine Plan Pol icy Assessment  
MRU Motion Reference Unit  
ms  mil l iseconds  
MSL Mean Sea Level  

NMHR Marine Her itage Record  

nT  nanoTesla  

NTL Normal Tidal  L imit  

NPPF National  Planning Pol icy Framework  

NSIP Nationally  S ignif icant Infrastructure Project  
PAD Protocol  for Archaeological  Discover ies  
PEIR  Prel iminary  Environmental  Impact  Report  
PINS Planning Inspectorate  

PPK  Post-Processed Kinematic  

PPM Proton Precis ion Magnetometer  
PtoP Posit ive peak to the negative peak  

pUXO  Potential  Unexploded Ordnance  
OASIS   The online system for  report ing  archaeological  

investigations and l ink ing research  outputs  and archives  

OD Ordnance Data New lyn  

OWF Offsh ore Wind Farm  
PIER  Prel iminary  Environmental  Impact  Report  
RAMS  Risk  Assessment  Meth od Statement  

RCAHMS  Royal  Commission on the Ancient  and Histor ic Monuments 
of  Scotland  

RCAHMW Royal  Commission on the Ancient  and Histor ic  Monuments  
of  Wales  

RCHME Royal  Commission on the Histor ic  Monuments of  England  
ROV  Remotely  Operated Vehicle  

ROTV  Remotely  Operated Towed Vehicle  

RTK  Real  T ime Kinematic  

SAS  Synthetic Aperture Sonar  

SBAS  Satel l ite  Based Augmentation System  
SBL  Short  Basel ine  

SBP Sub-bottom Profi ler  
SSS Sidescan Sonar  

SVP Sound Velocity Prof i ler  
SVS  Sound Velocity Sensor  
THU Total  Horizontal  Uncertainty  

TVU Total  Vert ical  Uncertainty  
TWTT  Two-way Travel  Time  

UNESCO  United Nat ions Educat ional ,  Scienti f ic  and Cultural  

Organisation  
UKHO  United Kingdom Hydrographic  Off ice  
UKOOA  United Kingdom Offshore Operators  Association  

USBL  Ultra-sh ort  Basel ine  

USV Uncrewed Survey Vessel  
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UTM  Universal  Transverse Mercator  
UXO Unexploded Ordnance  

VTS Vessel  Traff ic  Services  

WAAS  Wide Area Augmentat ion System  

WGS84 World  Geodetic  System 1984  
WSI Written Sch eme of Investigation  
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19 Glossary 
The definitions in this glossary are specific to marine geophysics and 

hydrography and may differ from more general definitions. 

Anomaly An anomaly is  a  local  variat ion of  an otherwise 
uniform signal  response.  In th e context  of  marine 
geophysics,  the word anomaly  is  often used to 

indicate the feature causing th e variat ion as  well  

as th e var iat ion itself .  

Coordinate 

Reference 
System 

A grid  f rom which  measurements  can be made 

from a single,  and pre - determined,  point .  

Coverage The extent  of  th e seabed covered by  a  part icular 

survey,  usually  expressed as a percentage.  I f  
l ines overlap,  this  percentage can be more than 
100% (so 200% means that  the ent ire survey area 
is  covered at  least  twice) .  

Front  End 
Engineer ing  

Design 

Front  End Engineering  Design (FEED) is  a method 
of  engineer ing design where the major ity  of  

design and expected costs  are met  before 
implementation.  

Gain Gain is  a  mathematical  method of  increasing  the 

amplitude of  a signal .  This  can be control led 

automatical ly  ( i .e.  with software determined 
parameters)  or  manually.  

Gas blanking Shallow gas restrict ing penetration.  

Gazetteer  A l ist  of  sites  or  features  of  interest .  

Marine 
geophysics  

Study of  the physical  propert ies of  the seabed,  
usually  its  magnetic f ield  strength and the 
relat ive acoustic  impedances of  sub -seabed 

layers .  

G eoreferenced Georeferenced data record data posit ion in  
addit ion to other variables.  

G eoTIFF A georeferenced Tagged Image F i l e  Format 
image.  

Hydrography Measuring  and mapping the depths of  the 
seabed.  

Layback Layback is  the calculated dif ference between 
vessel  posit ion and sensor  posit ion in  a  towed 
survey.  

Method 
Statement  

A document detail ing  the intended methodology 
of  an operation f rom start  to f inish.  I t  can 
incorporate a r isk  assessment  ( in  which case it  is  
cal led a RAMS) .  

Processed data  Processed data h ave undergone some dig ital  

treatment,  usually  to aid  interpretat ion and/or 

visual isat ion.  

Processing  f low  The processing f low is  a  record of  any data 

processing  carried out  on data,  together  with the 
relevant  parameters  for each step .  
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Project  D esign  The Project  Design is  a document  which details  
the processes,  resources and del iverables  for  a  

project .  

Proprietary  

data format  

A proprietary data format can only  be read by 

the software in which  i t  was created and cannot 
easi ly  be read by other software without 
conversion.  

Prospection Prospection is  the search for previously  unknown 

features of  interest .  

Raw data Raw data are the data col lected by  the 
instrument,  without any processing.  

Receptor  Receptors  are features  of  interest  such as  

shipwrecks or  preserved landscapes .  

Resolut ion Resolution is  a measure of  the degree of  detail  

that  can be identif ied by an instrument.  

Retained 

Archaeologist  

The retained archaeologist  is  a member  of  a  

project  del ivery team advis ing  on any 
archaeological  remains uncovered over  the l i fe  
of  th e project .  

Workf low The workflow is th e series of  steps required to 

complete a  task  or project .  

Written Sch eme 
of  Investigation  

The Written Scheme of  Invest igation (WSI)  is  a 
planning document  detail ing  al l  stages of  an 

archaeological  investigation .  
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Contact Historic England 

East of England 
Brooklands 

24 Brooklands Avenue 
Cambridge CB2 8BU 
Tel: 01223 582749 

Email: eastofengland 

@HistoricEngland.org.uk 

 

Fort Cumberland 
Fort Cumberland Road 

Eastney 
Portsmouth PO4 9LD 

Tel: 023 9285 6704 

Email: fort.cumberland 

@HistoricEngland.org.uk 

 

London and South East 
4th Floor 
Cannon Bridge House  

25 Dowgate Hill  
London EC4R 2YA 

Tel: 0207 973 3700 

Email: londonseast 

@HistoricEngland.org.uk 

 

Midlands 

The Axis 
10 Holliday Street 
Birmingham B1 1TF 

Tel: 0121 625 6870 

Email: midlands 

@HistoricEngland.org.uk 

 

 

 

 

 

 

 

 

North East and Yorkshire 

Bessie Surtees House 

41-44 Sandhill 
Newcastle Upon Tyne NE1 3JF 
Tel: 0191 269 1255 

Email: northeast 

@HistoricEngland.org.uk 

37 Tanner Row 

York YO1 6WP 
Tel: 01904 601948 

Email: yorkshire 

@HistoricEngland.org.uk 
 

North West 
3rd Floor, Canada House 

3 Chepstow Street 
Manchester M1 5FW 
Tel: 0161 242 1416 

Email: northwest 

@HistoricEngland.org.uk 
 

South West 
Fermentation North (1st Floor) 

Finzels Reach, Hawkins Lane  
Bristol BS1 6JQ 

Tel: 0117 975 1308 

Email: southwest 
@HistoricEngland.org.uk 
 

Swindon 
The Engine House 

Fire Fly Avenue  

Swindon SN2 2EH 

Tel: 01793 445050 

Email: swindon 

@HistoricEngland.org.uk 
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We are the public body that helps people care for, enjoy and 

celebrate England’s spectacular historic environment. 

Please contact guidance@HistoricEngland.org.uk with any 

questions about this document. 

HistoricEngland.org.uk 

If you would like this document in a different 

format, please contact our customer services department on:  

Tel:  0370 333 0607 

Email:  customers@HistoricEngland.org.uk 

All information and weblinks accurate at the time of publication. 
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