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1 Introduction

The INFOMAR strategy was designed to give Ireland an unparalleled data set; one that will exist as
legacy data underpinning future programmes, well into this century. This document forms the basis of
the standards and protocols adopted by the INFOMAR project pertaining to sampling. All too often,
disparate techniques are employed in the field, causing incompatibilities and large variations in
subsequent analysis and a skewing of results. This document, which deals with all the aspects of
sediment sampling and compilation of data, is designed to give the reader an understanding of the
underlying requirement for sea floor ground truthing; a condition of survey that is all too often
overlooked in favour of getting the additional few more square kilometres of acoustic data.

The need for seabed samples in an acoustic survey is an absolute necessity, and their use not just
limited to ground truthing the sonar (or other) returns. It is necessary to clearly explain the term
‘sampling’ in the INFOMAR context. Samples can be direct observations, for example from ROV,
video or camera, or direct samples, obtained by box corer, or other sampling devices. Samples can
also be acquired by measurement — for example CTD profiles, aerosol measurements, etc.

In the light of biodiversity and understanding of the ecosystems, sampling has taken on an increased
importance in marine surveys. With the adoption of GIS platforms, the relevance of samples can be
interrogated in the benthic and pelagic context, maximising the scientists’ understanding of the seas
and oceans. Careful analysis, storage and interpretation are therefore paramount to maintaining the
ensuing databases to a high standard. All too easily sample description will be subject to human bias,
a misjudgement on the size of a sand grain between sand and silt, can affect the outputs of
oceanographic modelling, and potentially result in missing an area that would be seriously affected by
climate change. We have attempted therefore, within this document, to pre-empt any ambiguities or
divergences that may exist in the data collection process.

Although not all the techniques described in this document will be used during each survey, they are
included for completeness and with a view to satisfying the requirements of programmes, such as the
Water Framework Directive (WFD). This is a living document intended to evolve with use and changes
will be made through the life of the INFOMAR programme to accommodate changes in technologies
and the requirements of the Irish and European Governments.

The associated document “Desired End Products” will provide a synopsis of the desired end-products
required by INFOMAR and explain the processes behind data management, integration and
interpretation. The deliverables of the INFOMAR programme include, but are not limited to:
geomorphological and geological maps, biotope and habitat maps and bathymetric maps.

1.1 Background

The requirement for designated ground truthing and sampling procedures was identified at an early
stage by the INFOMAR group. In order to discuss and identify the INFOMAR strategy with respect to
sampling, a working group was established, in which members of both the Marine Institute and the
Geological Survey of Ireland met to discuss and identify the potential directions, standards and
protocols INFOMAR would adopt going forward. This work has been assembled by key members of
the INFOMAR team and, where required, expert input has been sought and incorporated.

The compiled work has been vetted by external experts and we are confident that the following pages
provide an excellent standard on which to go forward. It is envisaged that this document will retain
‘Draft’ status for the first year, evolving as a result of implementation of best practice.

In the adoption of the techniques quoted herein, several case studies have been examined; including
the strategies adopted by the British Geological Survey, the Geological Survey of Canada, the US
Environment Protection Agency and Land Information New Zealand (LINZ) (please refer to Section
2.2). Wherein possible appropriate internationally accepted, tried and tested techniques and protocols
have been identified and utilised within this INFOMAR document. A brief review of the procedures
employed during INSS (Zone 3) has been included as a look back summary, highlighting the reasons
underlining the limited sampling approach (Section 2.1).
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1.2 Objectives

The objectives of the document are five-fold and the sampling methodologies discussed are selected
to best accompany the various techniques employed by INFOMAR. The objectives are as follows:

Assess the processes and techniques utilised in sea floor mapping.

Discuss the methodologies, techniques and subsequent analysis of complimentary sampling
techniques.

Summarise the resource requirements required for ground truthing.
Adoption of Quality Control procedures for offshore, onshore and documentation.

Adoption of Health and Safety regimes.

The document is not designed as an exhaustive list of sampling techniques and sample processing,
but is based on equipment held or easily available to the INFOMAR programme.

2 Comparative Review

2.1 Review of Current Procedures

2.1.1 Overview

While a Scope of Work existed outlining the methodologies to be applied for the acquisition of
hydrographic, acoustic and potential field data during the INSS programme — no such coherent
document existed outlining the rational and methodologies to be employed for the collection of ground
truthing data.

In terms of ground truthing methodologies, the INSS (and subsequently, the first year of INFOMAR) —
can be split into two periods based on the techniques and strategy employed.

The first of these periods represented the acquisition of deep water data from the Irish EEZ (approx
1999 — 2002). During this period, no ground truthing data were acquired during the main hydrographic
and acoustic cruises. Ground truthing campaigns were run separately, utilising a suite of different
vessels than those employed during the main remote sensing data acquisition. Partially this was
instituted as a cost reducing measure, due to the extended time needed to deploy sampling
instruments etc. in water depths of several kilometres. Additionally, several of these cruises were
undertaken in collaboration with other programmes, further reducing costs.

While the number of ground truthing stations in this area is rather limited, a wide range of equipment
was available for application dependent on site conditions. Instances include the application of gravity
corers, geological box-corers, towed video systems and underwater cameras.

With the shift to primarily using the state-owned research vessels (R.V. Celtic Voyager and later R.V.
Celtic Explorer) and the start of survey work in the shallower areas of Zone 2 (50 — 200m) and Zone 1
(0 — 50m), a distinct change in ground truthing strategy was implemented. This resulted from a change
in the financial conditions governing the application of ground truthing. With the reduced water depths
observed in survey areas, samples could be recovered with a relatively short expenditure of time.
During this period, approximately 30 samples per month cruise were collected to ground-truth the
region currently being surveyed. The most commonly employed method of ground truthing was a
range of sediment grabs; with biological box corers also available onboard.

The following sections will discuss the methodology and techniques employed during this second
period of the INSS and INFOMAR, until the development of this document.

2.1.2 High frequency acoustics

During this period, ground truthing was primarily performed to verify datasets resulting from MBES
bathymetry and backscatter. Sites were frequently chosen to represent the range of morphological

10
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features presented on bathymetry charts and the range of intensity values evident in backscatter
charts, by the onboard geologists and client representatives. Occasionally, image segmentation (QTC)
analysis was available to assist in this process.

Due to time constraints and a primary focus on coverage, ground truthing was limited in magnitude.

Sampling was primarily performed with any grab sampler or biological box corer available onboard.
Each site typically consisted of a single ‘grab’ or ‘drop’; from which any required sub-samples and
description were derived.

Typical subsamples taken were:
Geological — large sample bag.
Geochemistry — half sample bag (frozen).
Geochemistry — aluminium container (frozen).
Biological — sieved fraction of sample, any large organisms observed.

However, the range of sub-samples taken was dependent on the equipment onboard, the sediment
type etc.

Commonly, only a single sample was obtainable over most ‘seabed’ types (as interpreted from MBES)
due to time constraints.

As standard practice, only a single grab instrument deployment was performed at each sample
station, which on occasion, was not observed to match the expected sediment type, based on
interpretation of acoustic datasets. This discrepancy is thought to be due to local heterogeneities on a
scale greater than that of the sampling instrument — but which are insignificant on the scale of acoustic
footprint.

2.1.3 Low frequency acoustics

No adequate (i.e. coring based methods) ground truthing was performed for sub-bottom profiling
(SBP) records. Interpretation was based principally on acoustic character with reference to literature
from adjacent or similar areas and regional geological history.

Attempts were made to constrain these interpretations through grab sampling/box coring at locations
where differing units were observed to outcrop. However, this was generally not successful due to
surface sediment units and the limited vertical resolution of the SBP systems.

Interpretations based on this dataset are restricted by the limited amount of sampling carried out.

2.1.4 Sediment descriptions

In general, sediment descriptions during this period were done in a ‘free-form’ manner (i.e. a standard
template outlining the features to be noted or measured was not used, etc).

Due to the methods used to acquire samples, most were disturbed when retrieved. Digital
photographs of samples were taken shortly after recovery. Colour descriptions were generally
performed using the Munsell colour chart scheme. Grain size distribution was described visually.

Pocket torvanes and penetrometers were used to measure shear strength and compaction forces,
where required by sediment type.

2.1.5 Database and logging

The MI/GSI Access sample database was used as the primary means of logging sediment
descriptions.

While ‘fit-for-purpose’, it has proved problematic, particularly when adding sample photographs or
attempting to import the database into GIS applications.

Many of the sections within the database are ‘free-form’ and have a variable length in character. This
11
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database and logging database is currently utilised onboard the research vessels.

Samples are labelled using a standard label generated from this database, recording position, time,
sample number etc.

2.1.6 Summary
This previous approach to ground truthing will not be adequate for the INFOMAR programme.

Correlation of large areas of acoustic data with seabed type, on the basis of a very small number of
samples, has been problematic due to the variability commonly observed on a variety of scales.

Ground truthing of the shallow geological data set (SBP) has not been adequate for meaningful
regional interpretation.

Creation of a standard sediment description template, with check boxes and short spaces for data
entry, would facilitate more consistent and cohesive descriptions. This should be reflected in any
further database designs.

2.2 Equivalent Models

2.2.1 British Geological Survey

The BGS has an extensive catalogue of seabed samples gathered from British coastal waters over
many years of marine research. The collection includes grab samples, cores, trawls and dredges and
reaches an average sampling density of one sample for every 20 sg. km over most of Britain’s national
waters.

Sampling operations conducted by the BGS adhere to codes of practice developed through
experience in the field, and these practicalities while not standardised, are useful in their flexibility
when applied to physical and ground truthing studies. The versatility of not being tied to a fixed set of
sampling protocols is apparent for practical reasons, if aiming for maximum sample coverage for an
area before budgetary and time constraints take hold. In some ways this best summarises the
approach taken by the BGS to seabed sampling, where emphasis is placed on acquiring large
guantities of samples data which is later amalgamated for seafloor mapping and ground truthing
purposes.

Sampling under the scope of INFOMAR must however, be conducted in a less arbitrary manner,
acquiring a lower density of samples, and using the most modern techniques based on backscatter
intensity to guide the process of selecting sample locations. Due to its multidisciplinary nature,
samples procured by the INFOMAR program will also require a more comprehensive set of data-fields
(biological, physical and geochemical) to be recorded for most sample stations, making the necessity
of using approved protocols, set standards and detailed project planning specific to the sampling area,
paramount. In this context the BGS model for seabed sampling and ground truthing, while effective in
many ways, is not applicable for use in INFOMAR sampling operations.

2.2.2 Geological Survey of Canada
The Geological Survey of Canada (GSC) has developed a 3-stages process for habitat mapping:

Stage 1 is a desktop study, normally lasting between 6 to 10 months, of the ‘legacy data’. Geophysical
data (mainly seismic profiles of various resolutions) are interpreted together with singlebeam data,
often acquired by fishery vessels, and finally bottom sample data are incorporated. All these data are
already available to the GSC by their online database, ED.

Stage 2 is the acquisition of new multibeam data and digital 3.5 kHz shallow seismic profiles to refine
the interpretation of the legacy data and obtain better quality/higher resolution data. Multibeam
surveys are run 24 hours/day. Backscatter intensity and topographic features are combined in the
selection of sample areas to ground-truth. Supervised classification of backscatter is the chosen
methodology for the segmentation of acoustic backscatter. GSC favours large scale classes over
excessive segmentation.
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Stage 3 is the ground truthing survey that is normally run one year later on the sample areas identified
in stage 2. During this survey, critical seismic data (Huntec, single and multichannel, airgun,
magnetometer) are acquired at night and visual imagery and bottom samples during the day. The
location of sediment samples is always decided based on ALL the other data, including visual
observations. This means that the seabed samples are taken at the same sites previously surveyed
with the underwater camera. For each acoustic class, a maximum of 2 sites are sampled, with no
replicatesl, unless the video tows or still images showed more variability than that expected from the
acoustic response. During cruise planning, a hierarchy of sampling sites is established in order to try
and sample at least the most important/obvious classes in the case of weather down-time or
equipment failure.

After this 3-stages process, a minimum of 4 base maps are produced and made available online: (1)
bathymetry; (2) acoustic backscatter; (3) surficial geology, and (4) benthic habitats,

2.2.3 US Geological Survey

The National Coastal Program run by the USGS is a collaborative effort between the country’s major
marine science agencies located at Woodshole, MA; Menlo Park, CA, and St. Petersburg, FL. The
program encompasses a broad range of marine science projects and as such, it is necessary to look
at individual ventures run by the separate institutes, for comparisons to INFOMAR. Initiatives such as
the Massachusetts Seafloor Mapping Program run by The Woodshole Oceanographic Institution
(WHOI), fall within the scope of the USGS National Coastal Program, but are entirely managed by the
parent institution.

The Massachusetts Seafloor Mapping Program is similar to the INFOMAR program in that it is
concerned with mapping the coastal ocean and uses similar remote sensing and ground truthing
techniques. The main difference however is that the project itself is primarily geared toward
understanding inner shelf sedimentary processes, with the main focus of their sampling operations
based on underwater photography and sampling specific sedimentary features for the purposes of
ground truthing. Although this project places little emphasis on geochemical and biological sampling, it
adheres to sampling guidelines set by USGS for operations on the East Coast in USGS report
2005/1001 (Poppe et al. 2005), which covers field methods, laboratory procedure, database
generation, and geographical mapping tools. The USGS operates a full suite of sampling equipment
through its three research centres, however there does not exist an overall USGS standardised set of
protocols for seabed sampling and ground validation which is applicable to each organisation working
on the National Coastal Program.

Effective dissemination of ground truthing data acquired by each of the respective organisations, is
achieved by the provision of information and metadata to NOAA® National Geophysical Data Center
(NGDC) and by effective sample archiving systems at each of the institutes.

2.2.4 US Environmental Protection Agency

The US EPA operates a broad range of programs aimed at monitoring and effectively managing the
oceans, coasts and estuaries of the United States. Ocean regulatory programs that monitor dumping,
coastal discharges and habitats all require continuous sampling and surveying in the coastal waters of
the US. In this regard the US EPA employs the OSV Bold as their dedicated Ocean and Coastal-
monitoring vessel, which is equipped with a broad suite of sampling instruments. Additionally the EPA
has a team of over 60 EPA-certified SCUBA divers, which adds another dimension to its sampling
operations.

As with the USGS, the EPA'’s area of jurisdiction is enormous, and therefore requires guidelines that
are specific to a particular region or section of coast. Puget Sound is one such region, where the EPA
has produced a detailed publication of sampling standards and guidelines, which are to be
implemented in all sampling activities for the area. These guidelines cover field procedure for a range
of samplers, protocols for handling and preparing samples, health and safety considerations, quality

1 Their analysis of all samples from the continental shelf available to date showed that the results are scientifically sound, even
without replicates.

13



‘ INFOMAR

control checks and field analysis recommendations, while emphasising the importance of
comprehensive project planning to accompany the guidelines laid down in the document.

The EPA’s seabed sampling strategy could be seen in contrast to that of the LINZ operation, with a
reduced importance placed on ground truthing remotely sensed data, and the main focus placed on
acquiring and processing large seabed samples datasets.

References

L.J. Poppe, S.J. Williams and V.F. Paskevich (eds), U.S. Geological Survey East-Coast Sediment
Analysis: Procedures, Database and GIS Data, Open-File Report 2005-1001, available at
http://woodshole.er.usgs.gov/openfile/of2005-1001/

2.2.5LINZ

Land Information New Zealand (LINZ) is responsible for providing New Zealand® authoritative land
and seabed information and is accountable to the New Zealand Minister for Land Information. In April
2001 LINZ set out a report outlining comprehensive standards and protocols for hydrographic
surveying: “Standards for Hydrographic Surveying (HYSPEC) v3 TH31 LINZ"

Overall, the report represents the most complete set of hydrographic survey practices currently
available, being particularly comprehensive regarding the acquisition of multibeam data. However a
report titled “LINZ Hydrographic MBES Survey Standards” states clearly that “In general, data
collected will be used for nautical charting”. In addition it is made clear that all samples must be used
to ground-truth MBES backscatter data on an on-going basis. Therefore, the main focus of the LINZ
seabed-mapping program is primarily the production of nautical charts. Ground truthing in support of
seabed classification, while included within the scope of the LINZ operation, takes a subordinate role.
As such, the criteria surrounding seabed sampling set out by LINZ will not meet the standards and
protocols required by the INFOMAR program, which calls for an altogether more detailed and
standardised sampling practice.

2.3 Summary and Integration

Initially it was hoped, that a review of current procedures of contemporary projects would provide
examples of integrated sampling and ground-truthing programs, similar to the needs faced by
INFOMAR.

However, the review has revealed that in all cases such a document does not exist. Although some
organisations have detailed documents outlining sampling procedures, they are generally just that. No
reference is made to the context in which the sampling is being performed, that is what data the
samples are attempting to ground-truth. While these documents are valuable in themselves, they miss
many of the challenges facing INFOMAR, namely the need to add value to large quantities of acoustic
datasets, but with very limited opportunities for sample collection.

Additionally, while many of the reviewed organisations have diverse marine research areas, ranging
from geoscience to biological disciplines and oceanography, in very few instances they attempt to fuse
these diverse studies in a singular program such as INFOMAR. Thus, the diverse range of projects for
which INFOMAR ground-truthing datasets are likely to be used for, exceeds that envisioned by many
of our contemporaries when their own sampling and ground truthing protocols.

3 Ground Truthing and Sampling Strategy for INFOMAR

3.1 Introduction

This chapter summarises the sampling requirement for the various techniques utilised (at present) by
the INFOMAR programme. This is intended as a multi-disciplinary mapping programme, primarily
focused on acoustic and LIDAR acquisition techniques. The intention is to carry out a ground truthing
programme for several disciplines in parallel, resulting in the acquisition of a full suite of samples to
fully characterise geological and biological areas. Operations are subject to time and budgetary
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constraints

The following sections address the type of equipment best suited for seafloor sampling and give
guidelines on their deployment and an indication of the location, number and density of samples
required for ground truthing.

3.2 Guidelines Summary

The requirement for direct sampling has been identified for:
1. Validation of the multibeam backscatter maps

Validation of sidescan sonar data.

Validation of singlebeam echo sounder data

Validation of shallow seismic data.

Airborne LIDAR mapping.

Habitat and biotope mapping.

Oceanography and environmental measurements.

Seabed resources.

© © N o gk~ w N

Geohazards.

This listing can be broadly divided into two types of requirement: validation leading to classification (1-
6) and sampling for background measurements (6-9). Classification is the process of division or
segmentation of the seabed into a number of discrete areas defined by a combination of intrinsic
characteristics. The division of classes can be achieved by a statistical process, or by the trained eye.
The boundaries between the various classes can be clearly defined (rock/sand) or gradational (sand
veneer over gravel). In terms of ground truthing classes the following guidelines apply:

1. Itis imperative to sample all acoustic or Lidar classes.
2. Replicate samples should be taken of each of the classes (see discussion below).

3. Samples should cover the geographical extent of the survey area and represent the range of
morphological features evident on the bathymetric charts.

4. Samples should be located in an area where the acoustic data is of high confidence level and
characteristic of the class.

5. Samples should be located away from the boundaries of the classes (unless a study is being
undertaken to actively identify the nature of the contact).

6. Enough samples to define a class should be taken with appropriate sampling equipment to
preserve undisturbed key sediment properties (e.g. box-corer).

Samples for biological analysis should not be split or subsampled.

Samples should be preserved in their entirety where practical (no matter how small or
unrepresentative).

9. Samples should be acquired during or shortly after the acoustic or Lidar survey.

10. Under water video transects should be used to characterise different seabed features.

The requirement for replicate samples is driven by a combination of factors, but dominated by the
underlying reasons for sampling. To some extent the acquisition of replicate samples will be governed
by available time and budget, however the following guidelines must be adhered to:

Backscatter and textural ground truthing — at least 10 sampling stations should be obtained
per acoustic class, and additional sample stations should be obtained from within classes that
occur with higher frequency in the area. Replicates should be acquired subject to available
ancillary evidence (e.g. evidence of sediment homogeneity in biological samples). Sufficient
replicates should be acquired to determine the heterogeneous nature of the sediment.
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Biological and habitat mapping — between 5 and 10 sampling stations should be obtained per
acoustic class, depending on the size of the area. At least 3 replicates for a comprehensive
identification of infauna are required per sample station.

Samples that are required for background measurements, for oceanographic measurements or
geohazard measurements, should be located in such a way that they are distributed over the major
sedimentological features of the sea bed, in a manner similar to the class calibration as defined above.
Samples that are taken to target particular features, such as faults, must be supported by surrounding
data.

3.3 Existing Datasets Available

Sparse sampling of the Irish seafloor has taken place to date. Samples have been taken during INSS
Zone 3, as summarised in Section 2.1. By sampling, we mean direct observation and seafloor
sediment samples. Samples taken previously have been focussed on hotspots, primarily located on
the Porcupine Bank, with some sampling on the Hatton Bank. Relatively few samples have been taken
from the deeper water. During Zone 2 mapping (2003-2005), sampling activity increased, but again
very little time was allocated to sampling and the sites are disparate.

Seabed samples have been taken during the PIP/PAD programmes and the metadata can be viewed
on their website at: http://www.pip.ie/page/9.

3.4 High Frequency Acoustic Seabed Mapping

The ability to characterise seafloor geology and habitats based on remotely sensed, high-frequency®
(HF) acoustic images using a limited number of seafloor samples is a key tool for regional marine
planning, management, conservation, and engineering. This section will focus on developing a
strategy to ground truth the acoustic classification.

Ground truthing the seabed is a requirement in any remotely sensed classification methodology.
Issues such as the location, number and iterations of samples per class, as well as techniques and
others requirements, need to be addressed. Limiting the number of samples to an efficient minimum
has an important impact on the overall goals.

Table 1 - High-frequency acoustic techniques that will be used by INFOMAR.

System Datagram F(kHz) Incidence Coverage Footprints |[INFOMAR
Classification
methods

Singlebeam |Bathymetry 12-200 Normal 10% 2-20m Echo analysis

Echo time Inversion
series

Multibeam  |Bathymetry 95-450 Oblique 100% 25cmto5m

Backscatter and Normal Image analysis
Amplitudes

Sidescan Backscatter 30-500 Oblique ~75% 10 cm tol m |Image analysis

amplitude

2 High frequency here refers to acoustic frequencies greater than 10 kHz.
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3.4.1 Multibeam and singlebeam echosounders

Multibeam bathymetry and backscatter data, and echo shape analysis of singlebeam data are
complementary tools for seabed classification and the aim is to fully integrate them in a seamless
classification. Dividing the seabed into classes can be useful to determine variability because seabed
characteristics are relatively constant throughout a class and distinct from the characteristics of other
classes. Understanding the acoustic response and the key geoacoustical properties in each of these
classes is vital to characterise large areas of the seabed with a minimum of ground truthing.

3.4.1.1 Bathymetric maps and derivatives

Recent advances in multibeam bathymetry techniques have lead to an improvement in the density of
the bathymetry obtained from high frequency sonars. Bathymetry data can now be used, in addition to
backscatter amplitude data, to explore the characteristics of the seafloor. Seabed morphological
information at the metre scale can be very useful to determine the nature of the seafloor and assist to
delineate the different marine landscapes. Particular areas of interest for this type of characterisation
are all types of bedforms, gravel ribbons, rock outcrops and other features with morphological
expression, such as shipwrecks, manmade features, objects or unusual features such as mounds,
reefs or erosion hollows.

The classification can be done either by the geoscientist or by unsupervised multivariate routines,
similar to the ones explained in more detail for the backscatter seabed classification, generally using
textural algorithms. Bathymetric derivatives, such as those below, can be used for feature detection
and during the ground truthing planning stage.

Table 2 - Bathymetric derivatives

Dataset Definition Seabed features
Shaded relief maps Surface images to indicate the relative |Bedforms
orientation of the surface relative toa |Rock outcrops
light source direction Gravel ribbons
Scours
Objects
Slope maps Maximum rate of change in elevation  [Slope deposits
- Directional slope Habitat

Steepest slope
Aspect slope

Textural maps A two dimensional image used to Rock type
- Rugosity unravel surface patterns Habitat
Standard deviation Complexity
Bedforms
BPI (bathymetry position index) Differences between a focal point and
the mean

3.4.1.2 Multibeam acoustic backscatter strength maps and derivatives

Although designated primarily for bathymetric mapping, multibeam sonars have the potential to
generate backscatter imagery for seabed classification. Images of the acoustic backscatter intensity
can be used to infer physical properties of the seabed, if the relevant processing adjustment has been
applied. Furthermore, these images can be classified using conventional image -classification
techniques, and be converted into statistically practical maps for a variety of marine disciplines.

The main objective is to characterise the seabed geology and habitats by dividing the seabed into
statistically homogenous acoustic classes. Classes must be ground-truthed by means of bottom
sampling, video or visual techniques and assigned geological and biological descriptors with a certain
confidence value. In order to achieve the main objective, suitable backscatter intensity imagery must
be produced.

Backscatter acoustic response is affected by surface scattering processes and volume scattering
inside the sediment. There are a number of geoacoustic and physical properties that control these
processes and some more than others might have an important contribution in a particular seabed
type. The different incidence angular scattering regions and the critical angle also play an important
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role in understanding the scattering contributions. At grazing angles well above the critical angle, a
substantial fraction of the sound incident on the seafloor will penetrate the seafloor. Effectively, in
shallow water, the acoustics are insonifying a variable subsurface seabed volume of few tens of
centimetres to 5 m radii by up to several tens of centimetres penetration (Table 3). Therefore
backscatter imagery at this scale is derived from a combination of micro-morphological factors,
sediment type and internal structure, particularly at the angular sector to be processed.

Table 3 - Some multibeam systems that could be used during INFOMAR and their main characteristics.

Multibeam Frequency | Operation Beam Footprint Penetration

system (kHz) (water depth) | angle 50m 100m

EM1002 S 95-98 2-600m 2x2 2m 5m |Upto few tens of cm’s
EM3002 D 240 2-100m 1x1 1m 3m Up tol0 cm’s

Reson 8125 455 2-100m 0.5x1 1m 3m Up tol0 cm’s

Before backscatter data can be acceptably interpreted for assessing regional trends in the
composition of the seabed, the data must be corrected for the various possible artefacts that are not
directly related to the seabed characteristics. These corrections are applied to survey line
unprocessed data, rather than to the mosaics. The final common goal is to produce imagery that
attempts to consistently reflect changes in the seabed characteristics and is very little affected by
angular and instrument artefacts.

3.4.1.3 Seabed classification

Seabed classification is the segmentation of seabed into discrete classes based on the characteristics
of an acoustic backscatter image throughout a region and using statistical tools of various sorts. It is a
process for extracting information from imagery.

Two standard types of classification can be performed: supervised and unsupervised. Generally, our
approach will be an unsupervised classification since our knowledge of the area is relatively small.
However, supervised classification can be an advantage when targeting predefined seabed facies.

Supervised classification is a classification method where classes are defined by the spectral
characteristics of pixels within an image that correspond to training areas in the field chosen to
represent known features. Each pixel within the image is then assigned, based on the likelihood, to a
class.

Unsupervised classification is usually used when relatively little is known about the data before
classification. Unsupervised classification based on statistical clustering enables the users to specify
some basic parameters that the computer utilises to uncover statistical patterns inherent in the data.
The classes derived from the unsupervised classification are clusters of pixels with similar spectral
characteristics. The classes resulting from this process have meaning only if the classes can be
appropriately interpreted. Unsupervised classification can result in the introduction of artificial classes.

Multivariate cluster analysis is a common technique for statistical image analysis. Clustering is the
partitioning of a data set into subsets (clusters), so that the data in each subset (ideally) share some
common trait - often proximity according to some defined distance measure. There are a large number
of techniques to reduce multidimensional datasets to lower dimensions for clustering analysis.

3.4.1.4 Multibeam backscatter data monitoring

One of the objectives is that the backscatter amplitudes received can be fully reduced according to a
documented model (which is system-dependent and must be evaluated for each vessel) and provide
estimates of the seabed backscatter strength, as a function only of the frequency, the grazing angle
and the azimuth. Maintaining data quality during field survey is vital. The effects on the data may not
be obvious unless a check is kept during the survey.

In order to be able to reduce backscatter data:
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A reasonable initial source level must be estimated and the relative changes in that source level
monitored.

A reasonable approximation of the transmit and of the beam pattern can be assumed and used
thereafter in all the data reductions.

Documentation of settings selected on the echo-sounder must be kept (power, TVG and
absorption coefficients). If these settings are modified during acquisition, sufficient information
needs to be retained.

Position and time of any changes to the equipment settings, interruptions of power supply must
also be recorded.

Full data reduction algorithm must be provided. If this reduction is done automatically, then the
changes must be digitally documented as part of the data stream and sufficient parameters must
be retained in the raw logged data.

During the multibeam calibration (patch test), backscatter should be checked for consistency or
anomalous beam sector responses. Backscatter mosaics should be part of the QC for consistency
during survey operations.

3.4.1.5 Singlebeam echo analysis

Generally, a singlebeam echosounder (SBES) transmits, within a normal incidence below the ship
nadir, a short signal with a variable beam width. Primarily, SBES measures depth but the analysis of
the echo can provide information on the seabed type or indeed from objects in the water column.
Several frequencies can be used at the same time (Table 4), thus providing additional data for
subsurface classification. The most common method for classification is segmentation of echo types,
followed by features extraction, multivariate analysis and clustering (Table 5). This can performed in
the first echo received or include the second one. Ground truthing the classes is again a requirement.

Table 4 - Characteristics of the SBES on R.V. Celtic Explorer.

Singlebeam system Frequency (kHz)|Penetration Footprint (100 m WD)
EA600 200 Cm’s 10m

38 Upto few m 10m

12 Upto10m 10 m

Table 5 - Applications for singlebeam echo analysis.

System Characteristics
QTC Impact Analysis of first echo signals using multivariate analysis.
Uses the backscatter information from the first echo to characterise
RoxAnn seabed roughness and reflection of second echo to characterise
hardness.
Dual frequency digital signal processing system using first and second
EchoPlus echo analysis technique, including compensation for changes in
frequency, pulse length and power levels.

3.4.2 Sidescan sonar

Sidescan sonars (SSS) are designed to produce acoustic images of the seabed by laterally scanning it
with a narrow fan-shaped beam. They are usually installed on a fish towed at a relatively constant
altitude from the seabed. These images are a very close representation of the seabed morphology
and can be classified using manual and/or automated techniques. Lately, interferometic sidescan
sonars are capable of providing bathymetry information. Generally, the systems that will be used in the
INFOMAR program will have frequencies ranging from 100 to 500kHz. Primarily, only surface
scattering processes are involved at these frequencies and grazing angles.

Main differences between sidescan sonars (SSS) and multibeam sonars (MBES) in terms of
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backscatter imagery are:

SSS has finer beam widths, smaller footprints, therefore higher resolution (specially
alongtrack).

MBES have a smaller grazing angle in their range of incidence angles. Therefore less
shadowing effect and less ability to distinguish objects. However this is normally resolved in
shallow waters using bathymetry data for object detection. Shadow effects can also be a
problem when attempting to perform automated image classification.

Along track spatial resolution normally much finer in SSS because of higher ping rates.
MBES images have better accuracy and less geometric distortion. Beams are centred.

Generally, SSS provide better quality seabed imagery and thus micro-morphological characterization,
whereas MBES, with the appropriate corrections, are generally better for ground type discrimination.
However, in shallow waters, high-resolution bathymetry data from multibeam sonars can compensate
for the lack of morphological quality.

The ground truthing validation of sidescan sonar data in shallow waters will follow the same strategy
as that used in the multibeam approach.

3.4.3 Validation of high-frequency acoustic data

3.4.3.1 Objective

The objective is to ground-truth the acoustic seabed classification by means of physical samples,
video or diving inspection. This is performed by extrapolating key geophysical and textural parameters
from the sediment and video imagery and relating them to the acoustical classes. In order to maximise
the efficiency in the ground truthing strategy a few issues will be considered: field sampling stations
and video transects, number of samples and iteration, appropriate sampling techniques and onboard
preliminary data analysis.

3.4.3.2 Ground truthing technigues and strategy

The following table includes possible sampling instruments and their applicability. They are organised
in order of rapidity. For a thorough review on these techniques, see sections 4.3 and 4.4.

Table 6 - Some of the ground truthing instruments that could be used for INFOMAR and their applicability.

Sample Size Max Disturbed | Surface [Seabed types
Surface texture

Grab sample Variable 625 cm? N N Muds, sands to gravels
Gravity corer (2m) (0.12)2x 2m? 450 cm? Y Y (small |Muds, sands

surface)
Box Corer 0.5x0.5x0.5/1m*® | 2500 cm?2 Y Y Muds, sands, Gravelly sand
Multicorer (0.1)2x 0.5m* Y Y (small |Muds/sands

surface)
Rock dredger Variable N N Rock and boulders
Vibrocorer (0.09)2x 6m* 100 cm2 Y N Muds, sands, gravelly sand
Photo still ~3x3m 9 m? N Y All
UW Video ~3x3m 9 m2 N Y All

There are a variety of bottom sampling techniques. The choice of seabed sampling technique should
be based on the expected nature of the sea floor, purpose of the survey and the expected sample
analysis.

Under water video (UWV)/Photo Visual observations are appropriate for ascertaining the seabed
morphological and sedimentological character, and evaluating the presence and extent of biota.
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Underwater video is a useful technique for characterizing and quantifying surface sediment (bedforms,
surface shell content, biogenic components, etc.) on a larger scale than bottom sampling techniques.
Video transects can be useful to explore transitions in acoustic bottom types. Drop-down video
systems are ideal for rapid sampling.

Site and technique selection should be based on the guidelines described in sections 4.2 and 4.4.
Sample stations should be decided on the basis of the following guidelines:
1. The full range of acoustic classes should be sampled.

2. Samples should cover the geographic extent of the survey and preferably be collected during
the acoustic mapping or shortly after.

The ideal number of sample stations per class is 10. If achieving such number of stations is not
possible, a minimum of one sample station per class must be achieved, in adherence with the
recommendations in section 4.2.

3.5 Low Frequency Acoustic Investigations

3.5.1 Sub-bottom profiling methods

Sub-bottom profiling systems are used to provide high-resolution definition of the seabed sediments
and shallow sub-surface geology. They offer the potential to determine sediment thickness, acoustic
character of sedimentary sequences and elucidation of the relationships between sedimentary units.
Depositional environments and thus change in sea level over time can be ascertained. Systems are
limited by a narrow swath width (or small area of seabed insonified), so comprehensive coverage of
the seafloor is time-consuming and expensive to obtain. INFOMAR currently has both pinger and
sparker seismic sources in its inventory.

Table 7 - Characteristics of various sub-bottom profiling systems.

System |Operating |Acoustic Source Receive Array Typical Depth of Source
Frequency Resolution |Penetration Mounting
Style
Pinger 3.5kHz |Combined piezo- Combined piezo- 0.2m 10-50m Hull mounted
transducer/tranceiver |transducer/tranceiver
Chirp 1-10 kHz |Swept frequency Transducer 0.05m <100 m Hull mounted
transducer (1-10kHz) or towed
Boomer | 300 Hz — |Boomer Plate Towed streamer 05-2m <200m Towed sled
3 kHz
Sparker | 50 Hz — |Electrical spark in Towed streamer >2m 500 m Towed
4kHz water

3.5.1.1 Penetration and resolution

Both Marine Institute survey vessels; the R.V. Celtic Explorer (4x4 transducer array) and R.V. Celtic
Voyager (2x2 transducer array) are equipped with hull mounted pinger seismic sources. Both pinger
transceivers can operate at variable frequencies from 3.5 kHz up to 9 kHz but for INFOMAR work the
frequency is usually set to 3.5 kHz (suggested online Coda setup parameters for pinger acquisition are
reported in Appendix 1). Greater penetration is achievable with the larger transducer onboard the R.V.
Celtic Explorer but tests have not been run in order to quantify the difference in penetration of the two
systems. Apart from transducer array size, the other factors affecting penetration of the pinger system
are:

Operating frequency.

Output power; increasing output power increases penetration but in shallow water and over
very hard substrates, increasing power will only increase ringing.
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Vessel Speed.
Water Depth.

Weather Conditions; cavitations occurring in poor weather when air gets under the hull
degrade the penetration and data quality.

Sediment character; penetration in mud is far greater than in gravel and sand.
Presence of shallow gas, which absorbs the acoustic signal and reduces penetration.

Under optimum weather conditions, at a survey speed of less than 8 knots, an operating frequency of
3.5 kHz and in water of 100 m or less a penetration of 50 m in soft mud and silt is achievable by the
system onboard the R.V. Celtic Explorer (Table 8).

Table 8 - Penetration achievable with 3.5 kHz pinger source onboard R.V. Celtic Explorer / R.V. Voyager.

Sub-bottom Vessel Bedrock Gravel Glacial Till Sand Mud/silt
type

3.5 kHz Pinger R.V. Celtic No penetration 2-5m Upto15m 2-15m Upto50m
Penetration Explorer

3.5 kHz Pinger R.V. Celtic No Penetration 0-5m Uptol10m 0-10m | Upto30m
Penetration Voyager

The resolution of acoustic systems is defined as their ability to differentiate closely spaced objects, or
resolve discrete echoes returning from closely spaced reflectors. A 3.5 kHz pinger source has a
vertical resolution of 20 cm at best. Resolution depends on:

The ping rate; which is depth dependant.

Beam spreading; which increases with depth and hence resolution decreases with depth.

Acoustic reflection profilers can provide important insights into the physical character of the seabed
and sub-surface that help in the interpretation of other remotely sensed data (such as sidescan, single
and multibeam echosounder data and visual observation data) and indicate the physical processes
responsible for present-day form and distribution of sediments.

Sub-bottom reflectors provide information relevant to an assessment of present day habitats at a
range of scales. A basic measure provided is the depth to the bedrock reflector that underlies any
seabed sediment, which indicates whether an area is a site of sediment accumulation or erosion.

Similar insights can be provided into the spatial distribution of habitats, for example bedrock reflectors
may extend above ambient seabed and provide habitats that may significantly contrast with the
surrounding seabed.

The dynamics of environments can be indicated by surface and preserved subsurface bedforms. For
example, dune and sand-wave structures in sandy deposits may indicate high mobilility, while planar
bedforms in certain areas reflect significant sediment accumulation.

3.5.1.2 Ground truthing of sub bottom profiler data

Sub bottom profiler data have different ground truthing requirements to that of other remote sensing
data, such as multibeam echo sounder and sidescan sonar techniques. Sediment samples should be
acquired to the greatest depth possible given the resources available. This usually means using coring
methods. Profiler data over an area, by its nature, is an extrapolation in itself so the location and
number of ground truthing sites is crucial to proving validity of the sub bottom data interpretation in
that area. A campaign designed for ground truthing sub bottom profiler data should consider the
following:

Grab sampling methods sample the top 15-20 cm of the sub bottom and are not capable of
preserving the sedimentary layers within the sample so that these methods are an appropriate
way for ground truthing multibeam echo sounder and sidescan sonar data but are inadequate
in the truthing of sub bottom profiler data.
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Coring methods (Section 4.4.1) are required to ground truth sub bottom profiler data as they
are capable of preserving the stratigraphy and penetrating the seabed to depths greater than
surface lag deposits, which a grab sample would recover.

The maximum vertical resolution for 3.5 kHz pinger data is 20 cm so a device capable of
penetrating greater than this depth is required in order to truth the sub bottom data.

Ringing in the top 50-80 cm of the sub bottom seismic section obscures the seismic signature
attributed to the sediments and coring devices, rather than grabs, are required to penetrate
this noise.

Coring is relatively time consuming in comparison with sub bottom data acquisition and so a
limited coring programme should be devised which allows extrapolation.

Coring should target the range of youngest sub-bottom units present over the survey area and
where possible be designed to sample the older units, by targeting the locations where they
outcrop (inliers) or where they subcrop closest to the surface.

3.6 LiDAR Seabed Mapping

LiDAR (Light Detection And Ranging) is a method of detecting distant objects and determining their
position or other characteristics by analysis of pulsed laser light reflected from their surfaces. Marine
LiDAR uses light waves emitted by a laser to determine the distance from the laser to the sea surface
and the seabed. Airborne LIDAR is now being widely applied in coastal environments to produce
accurate, high resolution bathymetry and topography maps. However, new tools and techniques are
required to fully maximize the value of data already acquired and those data yet to be collected.
Reflectivity LIDAR data can potentially be used for characterizing seabed material and features.

3.6.1 Bathymetric maps and derivatives

Bathymetry data from LIDAR have a similar data density similar to that of multibeam data. However,
operational water depths around the Irish coast are restricted to 0 to 30 m. Data density is also not as
consistent as with acoustic systems. Additionally, bottom detection can be affected by nepheloid
layers at the seabed-water column interface.

A set of bathymetry derivates such as slope, aspect, rugosity, and bathymetric position index (as in
Table 2) can be obtained from LiDAR data. In addition, textural features extracted from the bathymetry
can be used for the LIDAR reflectivity classification.

3.6.2 Reflectivity strength maps

Two methodologies can be followed to classify LIDAR returns. If the seabed reflections can be isolated
from the light backscattered by the water column, those time series can be used to classify the seabed
type. The alternative is to classify images of seabed reflectivity, that is, images from which
instrumental, water-interface, and water-column effects have been removed as fully as is practical.

The general approach is to classify the images as if they were from sidescan sonar. Two major
differences are (1) that compensation for instrumental and geometrical effects has already been done,
and (2) that the spatial resolution is higher in sidescan images.

An advantage of LIDAR data over acoustic data is that the same sensor is used for all surveys (if there
are differences, they are controlled and known). This should permit direct assignment of sediment
labels after segmentation of LIDAR reflectivity images. By contrast, there are many types of sonar
systems that can be operated in many different ways, so labelling acoustic classes usually requires
local (non-acoustic) information each time.

3.6.3 Validation

The coastal ocean is a complex optical environment in comparison wit open seas. Normally, a similar
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approach to the high frequency acoustic validation strategy using bottom sampling and underwater
video should be followed. As reflectivity from LiDAR derives from seabed surface scattering processes
in addition to interface seabed-water column contributions, these processes can be potentially
influenced by layers just above this interface, such as plankton or suspended sediment. These factors
can be better quantified using seabed imagery techniques.
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3.7 Biological Mapping

3.8 Habitat Mapping

3.8.1 Definition of habitat mapping

Habitat mapping can be defined as the plotting of the distribution and extent of habitats as a complete
coverage of the shore or seabed (sometimes termed a continuous surface) with boundaries between
adjacent habitats. It involves surveying, collating information, analysing and modelling data to derive
the habitat distribution and then presenting the information as habitat maps that are clear and fit for
their intended purpose.

Habitat mapping combines full coverage of physical habitat factors, often obtained from some form of
remote sensing, and ground truth sampling. As only a small proportion of the sea floor can be
observed or sampled directly, the complete coverage of habitats in a map is inferred from the
association between the full coverage physical habitat data and the ground truth samples. When
properly interpreted, physical habitat factors act as a proxy for the biological habitat data. This coming
together of remotely-sensed data and ground truth data is fundamental to habitat mapping.

3.8.2 Definition of a habitat

Within the context of marine habitat mapping, a habitat is the place where multiple species occur
together under similar environmental conditions, such that a habitat can be distinguished based on
both its species and environmental (e.g. physical) characteristics. In this context, the species are often
considered to be associated together in a community and the combination of species and their
environment is referred to as a biotope.

The term habitat then refers to the environment where the species live. In the marine realm a seabed
habitat can be described in terms of its substratum (rock, sediment or biogenic reefs such as
mussels), its topography and the particular conditions of wave exposure, salinity, tidal currents and
other water quality characteristics (e.g. turbidity, oxygenation, nutrients) which contribute to the overall
nature of a place on the shore or seabed (Connor et al. 2004).

Different types of habitat support different species; whilst each species has its own particular
ecological requirements or niche, it is typical to find a range of species consistently occurring together
in a particular habitat type because of their overall preference for similar environmental conditions.
Combinations of species are referred to as communities or assemblages as they recur under similar
environmental conditions.

The topic of definitions was addressed by the ICES Working Group Marine Habitat Mapping in 2006. A
number of definitions of the term ‘habitat’ are available in the literature, and are variously used in a
marine habitat mapping context. These were examined at the 2005 WGMHM meeting (Annex 12) in
order to develop a definition, which adequately reflects the group’s understanding and use of the term.
Further examination of the draft text indicated that improved explanation of the relationship between
abiotic and biotic elements in the definition was needed. In particular, reference to the term biotope
has been added to reflect both its use in scientific circles to encompass the combination of abiotic and
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biotic elements, and its effective synonymy with the more popular term habitat that encompasses the
biotic aspect, but should more strictly refer just to the abiotic aspect. A revised definition of habitat is
as follows:

Habitat: “A particular environment that can be distinguished by its abiotic characteristics and
associated biological assemblage, operating at particular but dynamic spatial and temporal
scales in arecognizable geographic area.”

(ICES WGMHM 2006)

The definition of habitat advocated by WGMHM is built upon the following assumptions:

The classical ecological and biological definition of the term habitat, as given above, conveys
the central intent and meaning of the term.

Whilst dependencies exist between individual species and their environment, maps of physical
environmental features without reference to past or current biotic presence are not considered
to be habitat maps, but rather are more appropriately described as physiotope maps or maps
of marine physiographic conditions. Geological maps of the seafloor are one example of this
type of map.

Some authors prefer to more clearly distinguish the physical habitat from the species or group
of species which occur within it, referring to habitat strictly as the physical environment of the
species or group of species and the combination of habitat and species (generally as groups
of species in a community) as a biotope. This distinction has merit, although longstanding
convention has established habitat as a synonymous term for biotope.

From a practical standpoint, marine mapping based largely on physical characteristics of the
seabed is often a good surrogate for habitat maps; however in such maps the correlation
between physical habitat and the biota usually requires extensive validation work and biotic
surveys before evolving into true habitat maps.

Mapped habitats, like all map features, are dependant on the spatial domain and grain
employed. At coarse map grain, the thematic habitat descriptions will tend to be generalized.
For example, a rocky intertidal habitat mapped at one (broader) map scale can be mapped as
a series of discrete habitats within tidal zones at another (finer) spatial scale. In this sense,
habitats can be defined in a hierarchical manner, and the generic term habitat can be used at
any scale, provided the feature mapped can be distinguished from surrounding features (i.e.
other habitats). Over very small areas, other terms such as niche and biotope are more
suitable, and for larger areas, terms such as “seascape” (see below) and “ecoregion” are more
appropriate. Habitats defined solely by physiographic features allow the cartographer to map
habitats at any spatial or temporal grain and domain. By including the species or community,
appropriate scales are clarified, and the value of the marine habitat map concept is enhanced.

Historic species range, ecoregion boundaries, as well as internal heterogeneity serve to define
the habitat domain and limit the extent of physiographic extrapolations. For example, two
seemingly identical habitats that occur in different ecoregions should be independently
validated for species composition and ecological function.

Temporal changes in habitats (both their physical character and their biotic character) occur
over differing time scales (hours to thousands of years). Understanding temporal dynamics is
important in the application of habitat maps. For instance, a highly dynamic estuarine drainage
channel might change position on a daily basis and its biota are highly ephemeral, whilst most
rocky habitats may vary little in physical character over hundreds/thousands of years, but their
biota change seasonally/annually through community dynamics and climatic variation.
Understanding temporal dynamics is important in constructing habitat classifications; temporal
variations in a habitat (e.g. communities present in particular years or seasons) can be placed
within a more broadly-defined habitat type that encompasses such variation. In this way, a
good hierarchical classification should encompass temporal change by including more
dynamic elements in lower parts of the classification and more functional habitat types higher
in the classification.
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Related terms

Seascape: in general use and as a legal term in some countries, this term is often used to describe a
view or picture of the sea (i.e. the view at the sea surface). In the context of marine habitat mapping,
the term is more specifically used to describe seabed character but, because of confusion with the
‘surface view’ definition, an alternative term marine landscapes, has been used in some countries
(for instance, the UK). Seascape/marine landscape implies a large area of integrated landforms and
biota. Within this area is a mosaic of habitat patches. In this sense, seascapes/marine landscapes
imply a spatial extent larger than habitats, and smaller than large marine ecosystems and marine
ecoregions. As with the term “habitat”, some authors focus on the physiographic and oceanographic
elements of seascapes, excluding biotic structure.

3.8.3 Requirement for Habitat Maps
The requirement for habitat maps can be described under ten headings:

1. Inventory and proportions of different habitats: Map-based surveys help create a balanced
inventory of the major habitats (in terms of representation) in an area. Furthermore, a comparison of
the areal extent occupied by different habitats is valuable in its own right for assessing the relative
importance of each habitat (in terms of extent). Statistics on the extent of habitats can be used to
guantify statements about how common or rare the habitat is at the regional, national and international
scale.

2. The wider seas: Broad-scale rapid survey permits a wide area to be covered so that areas
with benthic habitats of high, moderate and low conservation status can be described and delineated.
This is particularly important in the marine environment where activities in one area can have a high
impact on neighbouring sites. Broad-scale information is needed to establish and justify zones for
different activities not just in sites of special conservation importance, but also in the wider seas in
which they lie.

3. Ecological description of areas: Broad-scale habitat maps show the general distribution
patterns of the habitats and their biological communities in an area. This is vital for building up an
overview of the area that is needed to help explain the significance of unusual features, variations in
specific habitat attributes (such as rare species) or the concentration of features of interest in parts of
the survey area. Although maps are essentially a ‘snap-shot’ in time, they can lay the foundation for an
understanding of dynamic processes and their spatial implications. Homogeneity, patchiness and
connections between habitats are important ecological considerations that can be assessed from
habitat maps.

4. Base map for showing other habitat data: Maps can place in context available detailed
habitat information, much of which is point source data. The significance of these data can be more
fully appreciated if the likely spatial extent can be estimated from the broad-scale habitat maps. The
implications of studies of single habitat types or species can be more clearly assessed and quantified
if habitat extent and distribution is known. Spatial information can be built into ecosystem models.

5. Relation to land and sea use: The position of habitats relative to patterns of ownership and
land use will have implications for management. In this context, maps are a suitable way of
summarising the interaction between different types of information.

6. Habitat maps as base maps for geographic query: Perhaps one of the most versatile ways
to search for and use data collected by different surveys is through geographic query. If data have an
associated geographic location (georeferenced) then they can be queried based on position. Maps,
especially if in a GIS (Geographic Information System) linked to electronic databases or spreadsheets,
form the natural front end for geographic query and for displaying the results. This is particularly useful
in the subtidal environment where different data sets may be used to help interpret an acoustic image.

7. Maps as predictors: Maps based on remote sensing predict the distribution of habitats or
biological communities. These predictions should be based on ‘rules’ (or hypotheses) that can be
tested and modified. Maps, in this predictive capacity, can help to refine our knowledge of the
processes that structure habitats.

8. Planning more detailed survey: Planning a survey based on prior knowledge of the area is
an extension of the use of maps in their predictive role. Broad-scale maps can be used to plan surveys
that are more detailed by ensuring an adequate and equitable coverage of the range of habitats. This
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will lead to a greater return value from detailed survey for the resources committed to it.

9. Establishing a monitoring programme: Broad-scale habitat maps are useful for developing
a meaningful monitoring programme. Monitoring may require the selection of a limited number of sites
for regular detailed sampling (for example, to monitor the population of specific species of interest,
general species diversity, biomass and productivity). These sites should be chosen so that the data
collected are not susceptible to small fluctuations in habitat boundaries or to poor positioning. In other
words, habitat maps can indicate where large homogenous areas suitable for monitoring stations are
located. Monitoring might also require the repeat survey of transects. Again, habitat maps can be used
to select suitable locations for transects.

10. Remote survey as a monitoring tool: Broad-scale survey techniques might be used in
conjunction with other more detailed survey techniques to indicate if any gross changes in habitat
distribution take place. Awareness of such changes could trigger targeted, more detailed survey.
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3.9 Oceanography

3.9.1 Oceanographic measurements

CTDs measure the temperature and conductivity of the ocean and are the primary physical
measurement that oceanographers make to discern the state of the ocean. Temperature and salinity
drive most of the biology in the ocean and so are the key environmental variables to monitor. These
measurements are an integral part of all Ml Environmental monitoring activities. Other oceanographic
data that would be of use in elucidating environmental conditions are currents, waves, fluorescence,
turbidity, dissolved oxygen, Ph.

3.9.2 Required spatial distribution of samples

Spatial resolution of samples depends on the resolution of the model that will be built from these data
and its aims. A realistic approach is that sampling should be done to resolve the major
sedimentological features of the seabed so that one can be confident that, when the data is
interpolated to the model grid, it represents the seabed as accurately as possible.

The map below shows the sediment data that the MI oceanographers have incorporated in their
northeast Atlantic model. There are obvious “holes” in data on the Irish shelf and on the Rockall and
Hatton banks and that is where they would need sampling to be concentrated.
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Figure 1 - Distribution of seabed samples in Irish waters.

3.9.3 Nature of sedimentological data required for modelling

The ROMS model expects sediment forcing data to be broken into classes based on sediment particle
sizes. An exposed bed can be made up of one or more of these classes. The porosity of the bed is
also needed. Optionally, data on ripples and biogenic bedforms can also be included. Each sediment
class needs to have a number of properties defined (Table 9).

Table 9 - Sediment properties to define for inclusion in ocean models.

Property Description

Cohesive or non-cohesive? At the moment, this is used only as an arbitrary
partition between sand and mud, though algorithms
to handle cohesive and non-cohesive sediments
properly are being developed

Median sediment grain diameter (m)

Grain density (kg/m°) This is usually set at 2650 kg/m° (quartz)
Particle settling velocity (m/s) Rate at which the sediment settles in still
fluid. Calculate using Sherwood applet.
Erosion rate (kg/mzls) Constant erosion rate for this particle type (i.e. if the

critical shear stress for erosion is exceeded). This is
not easy to acquire — should be found by

measurement.

Critical shear stress for erosion (N/mz) This value needs to be exceeded for erosion of this
particle type to occur. Calculate using Sherwood
applet.

Critical shear stress for deposition (N/mz) Deposition of this particle type to occur when stress

less than this value. For non-cohesive sediments this
will be only slightly less than for erosion. In fact, the
values for erosion and deposition are often left the
same so that either deposition or erosion occurs and
no region of transition exists where none of the two
processes is active.

Porosity (0-1.0) Vwater/(vwater+vsed) (porosity of a sediment made
exclusively from this sediment class). Porosity of
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muds quite variable while sands ~0.4 (Harris).

Horizontal and Vertical diffusion coefficients (m2/s) Eddy diffusivities for sediment. Taken to be identical
to the ones used for transport of momentum in the
model (Blaas)

3.10 Environmental Conditions

3.11 Marine Resources

A number of factors need to be covered under this, including:
Marine Aggregates.
Offshore mineral placer deposits.
Identification of areas amenable to offshore energy production.
Identification of areas amenable to aquaculture and related activities.
Identification of commercially important habitats.
Facilitating the promotion of marine heritage and tourism activities.
Identification of feasibly important bio-compounds from marine organisms.

Due to the datasets routinely collected by INFOMAR, a number of the most commercially important
resources are being omitted from the list of topics to be discussed, as the methodologies employed by
INFOMAR are of extremely limited value in their identification or in mapping their distribution (e.g. Oil
and Gas Deposits and marine coal deposits). Additionally, marine resources, which are likely to be
outside the depth range being studied in INFOMAR, have been omitted (e.g. gas hydrates, deep water
mineral accumulations etc).

While assessing marine resources is an important deliverable from INFOMAR, this should only be
completed to the level necessary to guide policy making and planning, rather than to the level required
for successful exploitation, to maintain an even focus of resources and achievement of other targets.

3.11.1 Marine aggregates

Marine aggregates are likely to be most financially significant resource encountered during the
INFOMAR program. Key sites along the Eastern coastline have already been identified and studied in
great detail as part of the IMAGINE project and related activities, but policies are not currently in place
to facilitate extraction of these resources.

INFOMAR can still achieve the goal of identifying locally important deposits of marine aggregates,
around Ireland’s coastline, which are likely to be of importance in the future. This will require mapping
and extraction of large sedimentary features within a viable depth range. Specific ground truthing
programs may then be required, utilising coring activities. The final goal should be the creation of
charts/GIS products outlining large deposits of shallow nearshore aggregates which are adjacent to
urban areas. Additionally, isopach maps based on interpreted SBP profiles and correlated coring
activities may also be produced.

3.11.2 Offshore mineral placer deposits

Minerals may be found in samples obtained in the process of standard ground truthing of acoustic
datasets. In case visible minerals are identified, a reporting procedure should be put in place and the
possibility of providing a database and stored samples of industrial interest should be investigated.
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3.11.3 Identification of areas amenable to offshore energy production

At present, a limited number of areas amenable offshore energy production have been identified, due
to depth limitations and other engineering constraints.

Accurate bathymetry around the coastline is an essential starting point in identifying additional areas.
Sampling data, sediment distribution maps and oceanographic information collected during INFOMAR
will provide an important input for EIS activities relating to any offshore structures. Additional coring
activities over potentially important features (nearshore sand-banks etc.) can also offer an important
contribution in the initial design of foundations.

3.11.4 Identification of commercially important habitats

Identification of commercially important habitats can be based on the acoustic methods from
INFOMAR and correlation with fisheries information. This is not something INFOMAR can do alone,
but seabed mapping activities can feed into it.

3.11.5 Facilitating the promotion of marine heritage and tourism activities

The identification of wrecks is, in itself, a promotion for diving and tourism based on same.
Additionally, images obtained by underwater photography and video lines can provide material for
publicity and outreach activities.

3.11.6 Identification of feasibly important bio-compounds from marine
organisms

This is not something that can be done within the current skills of INFOMAR, but partnership with
others is feasible. For example, the Marine Institute Biodiscovery project seeked the collaboration of
INFOMAR for the provision of remote sensing datasets to target specific sample sites based on these
data. Additional sampling could also be carried out during INFOMAR surveys under this type of
collaboration.

3.12 Geohazards

A number of factors need to be covered under this, including:
Shallow Gas.
Safety of Navigation.
Coastal Morphodynamics.
Re-release of sediment entrapped pollutants.
Pollutant dispersion modelling.
Local scale slumping.
Fault mapping.

Due to the scope of the INFOMAR programme, as laid out in the INFOMAR document, large scale
slumping events, such as that observed on the Rockall Bank, will not be treated, nor will hazards
constrained by depth (i.e. while gas hydrates and related catastrophic release may pose a substantial
hazard, their pressure-temperature constraints places them outside the focus of INFOMAR).

3.12.1 Shallow gas

Within the scope of INFOMAR, the chief source of shallow gas is likely to be of biogenic origin and
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limited in volume and extent. However, seepage of deep-seated thermogenic deposits are likely to be
facilitated by the extensive fault series located within the study area, which may facilitate locally
increased concentrations significant to sediment stability (e.g. gas escape features within the Malin
Basin).

Within the programme, the primary tool for mapping these accumulations (both biogenic and
thermogenic) will be the pinger sub-bottom profilers and related instruments. However, MBES and
SSS may be utilised to detect surface expressions in areas of high concentration. The relevant ground
truthing may be necessary to positively confirm the interpretation based on the acoustic datasets.

An objective to be considered should be the creation of regional or national charts/GIS products
showing areas of shallow gas occurrence as an aid to engineering studies or planning. Areas of gas
concentration may present an increased biodiversity, which could require listing and protection once
positively identified.

3.12.2 Safety of navigation

The contribution of INSS first, and now INFOMAR data to this area has been noted in many other
documents, above all in the INFOMAR Scoping document. The updating of bathymetric chart data is
already in progress. This may need to be extended to include sedimentary descriptions, if required by
UKHO.

The ground truthing programme may provide a basis for updating sediment descriptions presented on
nautical charts and anchoring conditions. Additionally, identified nearshore wrecks may require
‘ground truthing’ based on sidescan sonar or video imagery to identify any projections, which may
pose a hazard.

3.12.3 Coastal morphodynamics

The effects of coastal erosion and accretion have a broad and varying impact on society. As a
geohazard, the subject of coastal morphodynamics falls within the scope of INFOMAR mainly in terms
of bathymetric information and seabed classification and through the addition of oceanographic data
collected within the broader scope of INFOMAR.

The effects of wind, waves and tide have produced some of Ireland’s best-known landforms and
tourist attractions. However, fluctuating rates of erosion and deposition in vulnerable coastal areas are
cause for concern on both the coastline, in terms of property and infrastructure and in the marine
realm where rapid accumulations of sediment could prove hazardous to navigation. The increased
likelihood of offshore developments such as wind farms create a new risk factor, where large
developments could have a major impact on the sedimentary processes affecting an area. The
implications for this include strengthened or weakened currents, increased rates of coastal erosion
and deposition, destruction of sensitive habitats, and the need for mitigation programmes, all of which
could potentially cost the state millions. The offshore structures themselves could also be subject to
scouring and costly maintenance requirements, the result of poor location and planning.

However, in terms of coastal erosion, a number of other inputs are required to facilitate susceptibility
mapping such as onshore geological and structural conditions, land-use patterns etc.

Additional effort may be needed in monitoring current and tidal conditions in order to maximise
INFOMAR's input into this area.

3.12.4 Release of sediment entrapped pollutants

Soft sediments, within the bays and estuaries adjacent to major industrial areas, could feasibly contain
elevated concentrations of harmful pollutants due to the bonding properties of clay minerals. While the
initial absorption of these chemicals onto the surfaces of clays is of benefit, a potential exists for the
rapid release of chemicals, should these sediments be remobilised or disturbed through engineering
and related works.

Many of these pollutants are unlikely to be detected based within the current scheme of chemical
analysis, but collaborations with DCU or EPA may be established to develop this angle in the
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INFOMAR programme. In this regard, INFOMAR may plan to carry out extra sampling of sediments in
areas near large industrial developments (e.g. inside Dublin Bay, Shannon Estuary, Galway etc.) to
provide a basis on which to study and quantify this risk.

3.12.5 Pollutant dispersion modelling

Pollution of the marine environment is a major cause for concern, as an ever-increasing array of
chemicals and particles are finding their way into the world’s rivers and oceans.

Marine pollution by definition is the harmful entry into the ocean of chemicals or particles. The
importance of pollutant dispersion modelling cannot be over-estimated, as the implications to society
and to the environment are vast. There are three main sources of marine pollution: industrial, domestic
and agricultural. The effects of pollutants such as oil and fertilisers on the marine environment are well
documented over the past few decades, however the consequences of human by-products such as
excreted pharmaceuticals on wildlife are only now coming under scrutiny.

The threat to society from these runoffs and contaminants lies in the fact that many toxins adhere to
tiny particles, which are consumed by plankton and benthos filter feeders. Through these creatures,
the toxins enter the food chain often finding their way into animal feed, thereby affecting foodstuffs
derived from livestock, such as meats and dairy items.

The importance of pollutant dispersion modelling cannot be over-estimated, as the implications to
society and to the environment are vast. Pollutant Dispersion modelling involves the use of
hydrodynamic equations, where depth, average tidal flows and concentrations of suspended particles
are factored in with seabed morphology and composition, such as sandbanks, channels and sediment
type, which have a major effect on the movement of pollutants. To maximise INFOMAR’s input into
this activity, additional effort may be required in collecting current and tidal data.

3.12.6 Local scale slumping

Within INFOMAR the depth range and run available does not facilitate the recognition of large
slumping events. However, it is feasible to identify locally significant events, which may represent a
geohazard in terms of their impact on offshore structures and coastal developments.

Identification of areas prone to these events will be based on the interpretation of collected MBES and
high-resolution SSS datasets, but the quantification of risk will require the input of sediment
distribution maps, high-quality slope maps and thematic datasets representing offshore and onshore
developments.

3.12.7 Fault mapping

While Ireland is a seismically quiet region, regular low-magnitude seismic events are still recorded
within the Irish Sea. Mapping and verification of scarps and other features, which may represent active
faults, could be performed based on MBES and SSS datasets, but the impact resulting form such
offshore fault events is likely to be minimal or non-existent in terms of events originating in the
INFOMAR study area.

3.13 Cost Effectiveness

The need to sample or not is the subject of much debate within the marine mapping community,
essentially camps are divided into those who favour unsupervised classification and those that over
sample and split the seabed into ever decreasing classes. In the design of a survey, it is absolutely
necessary to test the plan as fit for purpose. This brings in the issue of scale, whether we are mapping
to a fine or broadscale and the temporal nature of the sea floor. For example, oversampling in a
dynamic environment, such as a tidal sand body will give a saturated snapshot, useful if you are
carrying out a sediment dynamics study, but in terms of broadscale marine mapping, effort has been
lost or diluted. Therefore in the design of the sampling strategy the reasons for mapping and the
resulting end products must be clearly identified early in the planning phase.
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For discussion, it is safe to assume that INFOMAR will predominantly work with multibeam
backscatter maps, in this case, as a minimum each class should be sampled at least once and ideally
10 times or more (backscatter recommendations) and samples geographically distributed across the
area. There are three factors to be considered:

1.

The location of the area to be sampled — is it offshore and distant? — In that case it would be
cost effective to bring the sampling equipment with you. However if the target area is inshore,
large and expected to show little temporal variation, a separate sampling cruise is worth
considering.

The cost of the vessel and equipment. Carrying ROV’s or expensive sampling equipment for
days at a time is costly, however if the vessel is unique and a once off opportunity, it is worth
considering the loss of revenue against the cost of mounting a separate cruise.

In inshore waters it is important to look carefully at the expected dynamics of the environment,
if the area is tidal, the seabed will show variations in a relatively short time, and it is worth
sampling-as-you-go. If however, the areas are comparatively quiet and expected to change
little over a season, it is probably more cost effective to mount a separate sampling cruise.

Once the nature of the cruise is established, the planning of the sampling campaign can be
addressed, assuming the sample locations are being selected onboard the vessel, there are several
cost effective points to consider:

1.

10.

Attempt to minimise changeover spread time by dividing the survey into blocks — acoustic
survey and sampling.

Always have some sample stations identified, should weather conditions be too poor to
survey, but acceptable for sampling.

If sampling, keep the location of sites close together, to minimise long transits.

As soon as the sample is onboard, make the decision if it is good or not, informing the Master
it is fine to traverse to the next station.

If carrying out multiple samples, have all necessary equipment available on the deck to
minimise turnaround time.

Decide in advance which sampling tool will be used and divide the sampling campaign into
equipment sets, to minimise equipment swap out time.

Ensure all offsets are entered in the navigation prior to start up.
Ensure a clear communication is set between the backdeck, surveyors and bridge.
Ensure adequate cover is present for meal breaks.

Consider the requirement for anchoring very carefully; it can take up to three hours to set a 3-
anchor spread. Is this an effective use of time?

The cost of a sample can be worked out against the following:

Hire of the vessel.

Hire of equipment.

Hire of signals.

Transit time taken to get to site.
Personnel costs.

Consumable costs.

Some indicative costs can be found in Parsons et al. (2004).

References
A. Parsons, K. Barton, C. Brown, et al. (2004). Feasibility study on the establishment of a large scale

33



‘ INFOMAR

inshore resource mapping project. NDP Marine RTDI Desk Study Series DK/01/007. ISSN 1649 5063

4 Methodologies, Techniques and Analysis

4.1 Navigation and Positional Baselines

The minimum specification for hydrographic positioning is that the total error in position, at the 95
percent confidence level, will not exceed 5 meters + 5 percent of the depth. This accuracy requirement
is independent of survey scale. It is recommended that these standards are also adhered to for all
sampling performed under the INFOMAR program. In the water ranges to be covered — this
necessitates the deployment and application of DGPS as a primary position source.

All sample positions must take cognisance of the sampling equipment offset to the vessel Common
Reference Point. A number of steel plates were surveyed in on Marine Institute vessels to facilitate
measurements to tow points, crane positions and for draft measurements etc with reference to a
Common Reference Point (CRP) which is close to the Centre of Gravity (CoG).

Unless specified otherwise in the Hydrographic Scope of Work, the following specifications are
recommended when DGPS is used as the primary positioning system:

GPS receiver(s) aboard the vessel will be configured such that satellites below 8 degrees above
the horizon will not be used in position computations.

The age of pseudo-range correctors used in position computation should not exceed 20 seconds;
and any horizontal positioning interpolation must not exceed the accuracy requirement above.

Horizontal Dilution of Precision (HDOP) will be monitored and recorded, and should not exceed
2.5 nominally. Satellite geometry alone is not a sufficient statistic for determining horizontal
positioning accuracy. Other variables, including satellite pseudorange residuals can be used in
conjunction with HDOP to estimate DGPS horizontal accuracy.

A minimum of four satellites will be used to compute all positions.

Horizontal and vertical offsets between the GPS antenna and transducer(s) will be observed and
applied in no coarser than 0.1 m increments.

Where available, dynamic positioning (DP) should be used to maintain station while sampling is
underway. Additionally DP may need to be utilised to bring vessel precisely on-station to facilitate
study of smaller features (e.qg. in grabbing infilling sediments in glacial scourmarks etc.).

Ultra Short Base Line Acoustic Positioning (USBL)

The USBL system introduces more errors to the overall position and therefore the stated accuracy of
the system should be added to the total positioning error budget. The resulting positioning accuracy
should therefore be within the tolerances of the stated 5 m plus 5% of water depth. The use of USBL
therefore requires stringent monitoring of the surface positioning system and the best possible setup
of the DGPS, offsets and Motion Reference System.

Any USBL system should therefore be calibrated at the start of every survey, unless otherwise stated
by the manufacturer’'s recommendations (as is the case of the IXSEA USBL system on the R.V. Celtic
Explorer). Calibration results should be documented in the final survey report.

In general the USBL system will be more accurate than a layback as catenery (slope) estimates are
very prone to error. It is recommended to use USBL wherever possible but due care must be taken the
system does not exhibit excess ‘jumping’ which can be due to excessive acoustic noise or simply low
batteries.

4.2 Station Planning

Analysis of data acquired from remotely sensed methods, particularly swath mapping techniques such
as multibeam, LiDAR and sidescan sonar but also seabed visual observation methods such as ROVs,
diver surveys and video camera shall be the principal criteria used for selecting seabed sampling
sites. Local factors such as spawning areas, landfills, dredging sites, estuaries, harbours etc. may be
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drivers for site selection and these shall be taken into account if and when relevant.

The following factors should be taken into consideration when site selecting for seabed sampling in a
given area:

All major bathymetry zones shall be sampled.

All discernable multibeam/sidescan sonar backscatter zones shall be sampled. Samples should
be taken along the survey lines so they relate directly to the acoustic data. A regular sampling grid
may be appropriate.

Principle seabed features, e.g. sand waves, ripples, banks, ribbons, channel infill etc. shall be
sampled.

Sampling density shall be enough to meet ground truthing, geochemical and habitat mapping
requirements.

Sampling shall be cost effective.

Sampling equipment shall be suitable for obtaining the required sample at a given site.

The main approach to the selection of sampling station will derive from the guidelines for ground
truthing of acoustic data as below.

Sample stations should be decided on the basis of the following:

1.

8.

It is advisable to use the acoustic classification information and bathymetry derivates together with
the backscatter mosaics to decide sampling stations for the entire study area (survey leg or
equivalent). It is also recommendable to use historical data (charts and samples).

The full range of acoustic classes should be sampled.

Samples should cover the geographic extent of the survey and preferably be collected during the
acoustic mapping or shortly after.

The ideal number of sample stations per class is 10. If achieving such number of stations it is not
possible, a minimum of one sample station per class must be obtained.

Site replicates are advised (i.e. a minimum of 2 samples per site) because the acoustic footprint is
larger than the sampling surface of each instrument®.

Classes with greater population should be sampled more, as they will become the primary controls
to define group domains.

Most of the sampling stations should be in areas where acoustic data is of good quality, consistent
and with high confidence values according to the clustering results (<2 StD from cluster centre).

Areas of class boundary should be avoided unless the main objectives are covered.

Additionally when taking sediment samples:

9.

10.

11.
12.

A box corer or a grab for PSA and geochemistry should be done at each sampling station.

Biological sampling should be carried out on between 5 and 10 sampling stations per acoustic
class, with 3 replicate samples for biological analysis taken at each station. Sampling can be
carried out using a box corer or a grab (but NOT a Shipek grab) according to substrate and time
constrains.

All samples must be photographed.

A full description must be carried out (in accordance to template in Appendix 4) on the sample
collected for PSA and geochemical analysis, but a short description should also be noted for
biological samples in accordance to Sect. 4.7.1 and reported in the template in Appendix 9.

3 The acoustic footprint varies between 10’s of cm to several meters and the image classification window will range from 5x5m
(25m?) up to 10x10m (100m?).
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For habitat mapping surveys, a Sampling Strategy team composed of the Party Chief, Chief Scientist,
main geologist and biologist should be established. This group should agree on site and equipment
selection as for the guidelines above.

Technigue recommendations
See Tables 6 and 11 for instrument selection

Generally, in soft seabeds, a box corer can be used preferentially over grab. If a second ground
truthing sample is required, a grab can be used.

Time and budget permitting, soft fine sediments (mud to sand) can be additionally sampled using
a short gravity corer in order to get an understanding of sub-bottom characteristics.

Gravelly seabeds should be sampled first with a grab sampler and eventually a second time using
the box corer if clasts are small (< cobbles).

UWV lines should be short transects and with precise underwater positioning systems. This
technique is recommended for the following seabed features identification:

- Bedforms

- Class boundary
- Mounds

- Gravel ribbons
- Objects

Potential rock outcrop targets should always be surveyed using UW Video/ Photo.

4.3 Seabed Visual Observations

‘Seabed visual observations’ refers to the process of observing the seabed, either remotely by camera
and/or video, or directly through diving. For a thorough ground truthing investigation:

Seabed visual observations shall be carried out in conjunction with a seabed sampling survey.

Visual seabed observations shall be undertaken in identified acoustic facies in a targeted ground
truthing campaign.

The length of video tows in terms of time and distance will also require consideration during
surveying. It is important to acquire enough footage to provide valid description of the targeted
facies but shall not be so long as to waste valuable survey time as excess footage will not
necessarily be processed or add to the analysis.

4.3.1 Methods

A variety of methods is used in seabed visual observations, including video tows, drop cameras,
remotely operated vehicles and divers. The technique used depends on water depth, seabed terrain,
budget constraints and survey requirements.

All methods are sensitive to prevailing weather conditions and shall only be conducted when it is safe
to deploy and recover equipment and obtain data of sufficient quality to justify the survey. Any vessel
used in seabed visual observations surveys shall be capable of safely deploying the necessary
equipment, shall have experienced crew and scientists and shall have an area protected from the
elements for the operation of sensitive computer hardware.

4.3.1.1 Video Tows

Towed video sledge is a technique for visually surveying large tracts of seafloor quickly. These data
can be used to monitor environmental conditions on the seabed and to evaluate the variety and

36



I INFOMAR

relative abundance of epibenthic species. Additionally, they can be particularly useful in the
determination of boundary positions between habitats.

The equipment required for a video tow survey consists of a camera, umbilical, lighting, housing,
camera and lamp surface control unit, recorder unit, positioning system, sledge and peripherals (Fig.
2A). The whole system must fulfil the following requisites:

The vessel must have a suitable winch for towing the sledge is essential. 8-10 mm towing wire will
be used. The vessel shall have good steerage at survey speeds of less than 1 knot and the
vessel crew shall be experienced in deploying towed equipment.

Lighting is essential for any underwater survey. In underwater conditions, colour at the red end of
the spectrum is filtered out leaving all images with a blue or green-blue shade. Colour balanced
quartz halogen lamps or high-intensity dispersion lights are the principle light source for
underwater cameras. The lights shall be attached to the housing in the drop-frame in a manner
that provides an even light source distribution for the camera. Usually a low voltage direct current
supply for the lighting is supplied from the surface via the umbilical.

Waterproof connectors are required at both ends of the umbilical and at junctions. The length and
weight of the cable are the main factors limiting the depth of deployment of the system. A steel
cable shall be used in parallel with the umbilical to take the strain off the electrical connections.

A buoy must be attached to an appropriate length of rope (at least twice the operational water
depth), which is attached at the rear of the sledge to aid retrieval in the event of entanglement,
and to provide a drag force that reduces the yaw of the sledge.

A monitor is essential for determining the position of the camera relative to the substrate, for
handling of the umbilical and for real time QC of the images. A video recorder and pc are
necessary to record the video footage and images.

It is essential to know as accurately as possible where the camera sledge is at all times. A DGPS
navigation system must be used for recording the position of the tow track, which will contain a
time stamp that can be related to the time stamp on the video footage, and thus georeference the
footage. Historically, layback corrections have been used to determine the position of camera
systems but acoustic transponders (USBL) are now the preferred method.

Sledge with lights,

camera and USBL mbilica ) Surface Power
Unit

mounted

A 4
Converter

'

PC running video camera
control software

Monitor DVD recorder

Figure 2 — (A) Marine Institute camera sledge. (B) General setup configuration for a towed video survey.

Operating Guidelines

An inventory must be taken prior to leaving port to ensure all equipment is present. This
includes but is not necessarily limited to: sledge, camera, lights, umbilical, rope, buoys, cable
ties, DVD recorder, and storage media.

All equipment must be checked to ensure it is in working order.

A block diagram detailing the general setup configuration for a towed video survey is outlined in figure
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2B. All connections and equipment shall be checked prior to commencement of the survey.

DVD Recorder setup
The DVD recorder clock shall be set to UTC and synchronized with all other timing devices.

The DVD shall be setup to record in SP (Standard Play) mode.
Assign a name to the DVD that at least includes the date and time.
There shall be enough space on the DVD for filming the entire tow.

Operatlon of USBL
The USBL transmitting transducer pole shall only be deployed when the vessel is stationary.

Switch the acoustic transponder on test to hear the beacon “chirp”. Set the dial to the F1
position and wait for it to “chirp”.

Switch on the pc running the USBL software and activate the transmitter once the sledge is in
the water.

Operation of Camera Equipment
- Power up the control unit and adjust the focus of the camera as is necessary using the
relevant camera software.

A calibration of the camera shall be performed where data acquisition for quantitative analysis
is required. Calibration must be carried out underwater as the difference in refractive index
between air and water will significantly alter the field of view. A calibration is obtained by
placing a ruler on or near the seafloor in view of the camera.

The lights shall be turned on when the sledge is under water only, as the bulbs will overheat
and blow if they are switched on while on deck.

Switch the lights onto full power.

Sledge Deployment
Trained personnel only shall be responsible for winch operations and equipment deployment.

Deployment shall take place at or close to slack water in areas that are prone to strong tidal
currents.

A buoy “buff’ is attached to the sledge by a length of rope 2 x water depth to prevent loss of
equipment should failure of the tow wire occur.

The sledge shall be deployed by winch from the stern of the vessel.
The cable out meter shall be set to zero when the sledge is on the surface.

The umbilical is not load bearing and so will be attached to a towing wire using quick release
cable ties at 20 m intervals which will take the strain.

To prevent the sledge from spinning and to maintain tension on the towing wire, the vessel
shall steam slowly into the wind at 2-3 knots.

Radio contact shall be maintained between scientists and deck crew at all times and deck
crew shall be notified once the sledge makes contact with the seabed.

Once sledge is on the seabed, a short time period shall be allowed to adjust the length of
towing cable and vessel speed so that the sledge is being towed smoothly across the seabed
at approximately 0.5 knots.

Acqwsmon
The cable out shall be noted in the logbook and any changes in cable out during the transect
shall be noted in time and cable out.

The position and heading of the survey line shall be noted and the recorder switched on.

Navigation and the multibeam data shall be recorded for the duration of the tow.

An observer shall quality control the data via the monitor, liaising with the deck crew and
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captain on vessel speed and cable out requirements and shall

The Observer shall note seabed morphology, grain size and biota encountered for the
duration of the transect line and record in a video log.

End of Line
- At end of line, stop the recorder, navigation system, USBL system and the multibeam
acquisition.

The camera lights and camera shall be switched off using the control units prior to the sledge
reaching the surface.

The captain and deck hands shall be informed that acquisition has finished and that the
sledge can be recovered.

Once recording has finished, the information is written to DVD. Finalise the DVD once it is full,
so that the data can be read later.

Demobilisation
The camera, lighting and sledge shall be thoroughly washed with fresh water before the
camera, lights, cabling etc. are removed from the sledge.

They shall be checked for any leaks and dried, greased and undergo routine maintenance
prior to being packed away.

4.3.1.2 Drop Camera

Drop camera recording techniques are used for the semi-quantitative identification of habitats and/or
biotopes, estimating their distribution, extent and diversity when multiple deployments are the
preferred method over the requirement for fine detail over a specific area. The equipment required for
a drop camera survey is essentially the same as that required for a video tow survey with the
exception of replacing the towed sledge with a drop frame. Drop cameras can also be deployed
without a frame or by attaching them to a grab or coring device.

The equipment required for a drop camera survey consists of a camera, umbilical, lighting, housing,
camera and lamp surface control unit, recorder unit, drop frame, positioning system and peripherals,
similar to the equipment used in video tows (see section 4.3.1.1 for requirements).

Operating Guidelines

The operating guidelines for a drop camera survey are similar to that of a video tow survey (see
section 4.3.1.1) with a few notable exceptions:

Sampling is conducted by either hopping the frame across the seabed to capture close up
shots of the seabed surface or by maintaining the camera at a constant altitude above the
seabed.

To obtain sufficient detail to characterize epibenthic biotopes a combination of wide-angle and
close-up views of the seabed are required and this requires a combination of the hopping and
constant altitude techniques to be deployed in the course of the survey.

The survey vessel can be either stationary or moving, depending on the technique being
used.

4.3.1.3 ROV

ROVs are equipped to carry video cameras, lights, thrusters that provide three-dimensional
manoeuvrability, depth sensors, and a wide array of manipulative and acoustic devices, as well as
special instrumentation to perform a variety of work tasks. Their utility in habitat mapping depends on
the types of instrument carried and the abilities of the operators and observers. ROVs have the ability
to use manipulative arms to take physical samples from some types of seabed structures that can not
normally be sampled by other techniques.

ROVs are modular in design and may consist of four main parts: a neutrally buoyant platform,
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sensors, deck control unit and an umbilical. A variety of optical and/or sonar instruments can be
mounted in the platform depending on the purpose of the survey. They may also carry basic sonar
instrumentation to aid navigation in low visibility, and manipulator arm/s of varying sophistication.
Piloting cameras can be used along with cameras offering vertical and oblique views. The length and
weight of the umbilical are the main factors limiting the depth of deployment of the ROV.

ROVs can be broadly classified into three groups; observation class, light work-class and heavy work-
class and thus come in a range of shapes and sizes depending on their intended usage.

Operating Guidelines

Each ROV has its own particular standard operating procedure and manufacturer’s guidelines shall
always be followed. The guidelines for operating an ROV are similar to that of deploying a towed video
sledge (see section 4.3.1.1) in terms of wiring configuration, DVD setup, USBL operation, camera
equipment, ROV deployment, acquisition and end of line procedures. However, there are certain
differences that shall be taken account of in the conduct of an ROV survey.

ROVs shall be operated from a stationary or slowly moving vessel and shall not be towed.
The operator shall be a person experienced in the handling of ROVs.

The ROV shall not be deployed in areas where current velocity exceeds approximately 2 knots
as its propulsion system will not be capable of controlling its movement.

4.3.1.4 Diver Surveys

Diver surveys have not been carried out under the Irish National Seabed Survey nor as yet under
INFOMAR. If this type of survey is to be carried out in the future, a risk assessment must be
undertaken by a reputable body and a full set of operating guidelines issued.

Diver surveys can be employed in a wide variety of ways in order to acquire data on the subtidal
environment. Most scientific diving is generally undertaken at depths less than or equal to 30m, and is
particularly suited to the infra-littoral and upper circa-littoral zones. Below such depths, remote
methods of benthic surveying are readily utilised. Activities included in research diving are: underwater
observation, monitoring, sample collecting, and installation, operation, maintenance, and removal of
experimental and data acquisition equipment.

A variety of survey techniques is used in diver surveys. At this stage a brief description of the
techniques that could be utilised in diver surveys is issued below. Univariate and multivariate statistical
analyses can be carried out on the acquired data where relevant.

Transect Surveying Techniques

Transect surveys are used to acquire data to describe biotopes/habitats and their composition
(through species abundances and sediment descriptions). By using stratified sampling, a number of
transects can provide an inventory of the biotopes within a given area (MESH, 2006).

A transect survey has a start position and a heading. A measuring tape shall be used to measures
distances along the seabed and the diver will roll out the tape and gradually move along the seabed,
recording species and their abundances and will decide on biotope boundaries. The diver utilises
checklists of species and abundances throughout operations. Reference specimens are collected and
camera and/or video records taken, in conjunction with the divers written records.

Quadrat Sampling Techniques

Quadrat sampling is a quantitative tool for the study of biodiversity. A series of quadrats of a set size is
placed in a habitat of interest and the species within those quadrats identified and recorded. Passive
quadrat sampling (done without removing the organisms found within the quadrat) is done by hand,
with divers carefully sorting through each individual quadrat and by taking a photograph of the quadrat
for future analysis. Abundances of organisms found at the study site are calculated using the number
found per quadrat and the size of the quadrat area.

Diver operated Cores
Diver-operated push-cores are designed for use in sedimentary environments for identification of
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habitats/biotopes and an assessment of their quality in terms of species richness and abundance.
Locations are based on diver entry positions recorded using DGPS. Cores are taken at fixed distances
along a transect or in each quadrat, as determined from previous or background research in the area.
In addition to taking the cores, divers shall make qualitative notes regarding the surrounding sediment,
such as surface relief, firmness, stability, sorting and grain size. Additional notes regarding evidence of
bioturbation, any epifauna present and sediment features, such as ripples or surface silt/flocculent, are
recorded. Once onboard, the faunal samples are then sieved using gentle puddling, and preserved in
buffered formaldehyde.

Quantitative Photographic Sampling

This technique is used to assess community composition, including species and abundances.
Reference frames and fixed focus settings are used to ensure accurate fields of view, which are
essential for quantitative analysis. Stereophotography should be used where possible in order to
improve species identification, and reduce the masking effect of smaller canopy-forming species.
Digital images can be taken along a transect and combined to form a mosaic, which can be
georeferenced and overlain on other georeferenced datasets.

4.3.2 Onboard description and logging

4.3.2.1 Remote Seabed Visual Observations

During the course of any remote seabed visual observation survey there must always be one
dedicated person to quality control and observe the data throughout the acquisition phase. The
individual will sit in front of the onboard monitor and document their observations in real-time in a log
sheet (template in Appendix 2). This person shall be skilled in habitat and/or biotope mapping.

The following information shall be noted at the start of each remote visual observation survey line:
Line name
Time
Equipment
Operator
Position in latitude and longitude and easting and northing
Vessel heading
Vessel speed
Water depth
Cable out
Visibility
At the end of each survey line the following information shall be recorded:
Time
Position in latitude and longitude and easting and northing
Water depth
Cable out

During the course of each survey line the following information shall be documented with the time of
occurrence also noted, where relevant:

Changes in cable out
Changes in visibility
Substrate composition

Seabed morphology
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An estimate of the abundance of different plant and animal species

4.3.2.2 Diver Seabed Visual Observations
In the case of Diver surveys the following information must be logged:

Position of the transect in latitude and longitude and easting and northing
Heading

Time

The distance from the shore (using a meter marked line along the transect)
Water Depth

Substrate type (rock, boulders, stones, gravel, sand, mud, etc.)

The presence of loose sediment deposited on plants and substrate (in terms of “none”, “little
covered”, “heavily covered”)

An estimate of the abundance of different plant and animal species
The maximum depth of dominant sub-littoral species and the lower limit of vegetation

Photographic and/or video documentation (video/photographic profiles of the transect,
panoramic views and, at fixed marked sites if possible, stereo photographs)

The degree of wave exposure and Secchi disk depth (i.e. light transmission)

4.3.3 GIS Integration

4.3.4 Storage, Transport and Tracking

Storage

A backup of all data must be made as soon as possible. Video and still imagery stored on DVD must
be backed up to a portable hard drive, pc or server before departing the vessel. All data discs and
hardware shall be stored in their own protective casings. When handling DVDs the following
guidelines shall be adhered to (MESH 2006):

Do

Do not

Use a non solvent-based felt-tip permanent marker to mark the label side of the disc.

Keep dirt or other foreign matter from the disc.

Store discs upright (book style) in original jewel cases that are specified for CDs and DVDs.
Return discs to their jewel cases immediately after use.

Leave discs in their spindle or jewel case to minimize the effects of environmental changes.
Remove the shrink wrap only when you are ready to record data on the disc.

Store in a cool, dry, dark environment in which the air is clean (relative humidity should be in
the range 20% - 50% and temperature should be in the range 4°C - 20°C).

Remove dirt, foreign material, fingerprints, smudges, and liquids by wiping with a clean cotton
fabric in a straight line from the centre of the disc toward the outer edge.

Use deionised (best), distilled or soft tap water to clean your discs. For tough problems use
diluted dish detergent or rubbing alcohol. Rinse and dry thoroughly with a lint-free cloth or
photo lens tissue.

Check the disc surface before recording.
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Touch the surface of the disc.

Bend the disc.

Store discs horizontally for a long time (years).

Open a recordable optical disc package if you are not ready to record.
Expose discs to extreme heat or high humidity.

Expose discs to extreme rapid temperature or humidity changes.

Expose recordable discs to prolonged sunlight or other sources of UV light.
Write or mark in the data area of the disc (area where the laser "reads").

Clean in a circular direction around the disc.

Transport
Data discs and hardware shall only be transported while in their protective cases.

Data shall be supervised at all times while in transit between vessel and office.

Data shall be kept dry and at an appropriate temperature during transport.

Tracking

All data leaving a vessel shall be labelled with a unique identifier that includes: vessel, leg,
date, data format and data type.

An invoice shall be included with any data being transported and this invoice shall be signed
by the Party Chief onboard the vessel. The final destination and recipient shall be stated on
the invoice.

Invoice shall be checked against data on receipt to ensure that they tally.

References
MESH (2006). Review of standards and protocols for seabed habitat mapping (2nd edition).

4.4 Seabed Sampling

Sampling of the substrate is important for a wide variety of reasons including: sedimentological
characterization, geochemical, biological and geotechnical investigations (Table 10). Details on
sample acquisition methodology and operating guidelines and performance parameters for the various
techniques used in the INFOMAR programme will be outlined in the following sections.

Table 10 - Potential uses of seafloor samples that will be collected during INFOMAR.

Scientific research Industry-related research Training

Seafloor mapping and surveys (ground truthing) Undergraduate, postgraduate and
professional training
National resource assessment
Pollution assessment and control

Environmental protection and monitoring

Benthic surveys . Hydrocarbon exploration
Surveying for laying

Productivity studies submarine cables and
pipelines

Studies of sedimentary
processes and dynamics
Studies of slope stability
Research into environmental
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change

Paleoceanographic research
Geochemical studies
Geochronological studies

4.4.1 Methods

A range of methods exist for the acquisition of samples and the technique used depends on factors
such as substrate character, analyses to be performed, cost, time and vessel suitability (Table 11).

Grab sampling is a common technique used to examine the surface sediment (from about 10-15 cm
deep) in the determination of horizontal sediment characteristics. Different grab samplers are used
depending upon the type of substrate being sampled (soft or hard) and the size of the sample
required. Sediment corers, on the other hand, provide a vertical cross-section of the sediment column.
Sediment corers including piston corers, gravity corers, vibrocorers, and multi- corers. Depending on
the coring technique that is used, cores can vary in length from 10 cm to 30 m. The type of corer used
depends on substrate material, interval of interest, and volume of material required. The advantage of
using cores over grabs is that they preserve the stratigraphy and can achieve greater depth of
penetration.

Table 11 - Common techniques for seabed sampling.

Sampler Sediment type Penetration | Surface | Sample |Suitability for| Required boat | No. people
Area volume biological size/ lifting for

(m? (litres) sampling capacity handling
Grab — Soft/Fine grained <10cm 0.04 <3 NO Small/61Kg 2 +winch
Shipek operator
Grab — Van | Soft/Semi-consolidated <30cm 0.1 > 10 YES Medium/80kg 2 +winch
Veen Mud to sand operator
Grab — Day | Soft/Mud to sand <15cm 0.1 YES Medium/80Kg 2 +winch
operator
Grab - Coarse-grained/Tills 0.1 YES Large/300Kg 3 +winch
Hamon operator
Box corer Soft to consolidated <1lm 0.25 >3 YES Large/400Kg 3 +winch
Mud to gravelly sand operator
Multi-corer | Mud <30cm (0.1)2* <3 YES Large/>800Kg 3 +winch
# cores operator
Gravity corer | Mud to sand 1-3m (0.12)2 >3 YES Medium/>50Kg 2 +winch
operator
Vibrocorer | Compacted >1m (0.09)2 >3 YES Large/1200Kg 4 + winch
Sand/Gravel/Tills operator
Piston corer | Mud to sand >3m (0.06)2 >3 YES Large/>800Kg 3 +winch
operator

General operating quidelines

Regardless of the type of sampler used, it is important to follow the standard operating procedures
specific to each device as the operating guidelines summarised in this section are only indicative.

The sampler should be free of grease or corrosion and appropriately pre-cleaned.

Before retrieving the sample, the outside of the sampling device should be carefully rinsed with
water from the sampling station.

Between each sampling event, the sampling device should be cleaned, inside and out, by dipping
the sampler into and out of the water rapidly or by washing with water from the location being
sampled.

More rigorous between-sample cleaning of the sampler (e.g., chemical decontamination or
washing with soap) might be required, depending on the nature of the investigation and specific
programme guidance (such occurrence will be specified in the survey scope of work).

It is critical that sample contamination be avoided during collection. All sampling equipment (i.e.
grab, compositing bucket and scoops) should be composed of a non-contaminating material and
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be thoroughly cleaned before each use. Sampling personnel should wear gloves whenever taking
or processing samples to avoid contact contamination. In addition, airborne contamination should
be avoided by keeping sample containers, sample scoops and compositing bucket inside the
vessel cabin with door closed or appropriately covered when not in use.

4.4.1.1 Grab Samplers

Sampling of the marine substrate is undertaken in order to acquire quantitative samples of the infaunal
invertebrates, and sediment samples for particle size analysis and geochemical analysis. This data is
used to ground-truth acoustic, video and LIDAR survey data and ultimately in the creation of habitat
maps.

A Grab sampler must have the following basic requirements (Mackie 1981).
A minimum of working parts and is corrosion resistant.
Be sturdy enough to withstand repeated deck handling and bottom impact.
A bulk or weight that allows safe operation.
The correct orientation on the seabed for sample collection.
A trigger release mechanism to ensure actuation on the seabed at the proper time.
A constant sample area.
Adequate penetration of the sediment to capture the benthos present.

A low resistance to water on descent to minimise pressure-wave effects on surface-layer
benthos.

Easy retrieval with no loss of sample.

Easy removal of sample and quick redeployment capability.

Types of Grab

Figure 3 - Different types of grabs: (A) Van Veen grab, and (B) Hamon grab.

Shipek Grab

The Shipek Grab sampler is designed to sample unconsolidated sediments from soft ooze to hard-
packed silts from deep lakes and near offshore. It brings up virtually undisturbed, unwashed samples
to the surface from any depth. Its specialty is sampling benthic organisms living at or immediately
below the water/bottom interface and sediment containing a significant population of non-sessile
forms. Its small sampling area is unsuitable for routine macrofauna investigations but may be used in
pilot surveys aimed at preliminary characterisation of variability in habitat type and the associated
fauna.

It consists of two concentric half cylinders, the outer of which is the sampler body. A cocking wrench is
used for winding the torsion springs. A safety hook prevents their premature release when held in the
safety position. Cast into each end of the frame are large stabilizing handles which, along with its
weight, hold the sampler upright during descent.
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Van Veen Grab

This is a lightweight large grab designed to take large samples in soft substrates. Its long lever arms
and sharp cutting edges on the bottom of the scoops allow it to cut deep into softer bottoms. The
closing mechanism is a self-releasing pinch-pin attached to the two closing arms that holds the grab
open before it hits the bottom. Upon impact, the tension on the chains is released, which releases the
pinch-pin. The chain pulls the closing arms together to close the scoops when the cable is lifted. The
top of each scoop is covered with 583 mm stainless steel screen for water to flow through during
descent. The screen is covered with a neoprene rubber flap to prevent sample washout during
retrieval.

On coarse substrates, gravel tends to become caught between the jaws, resulting in loss of the
sample upon retrieval and as a result is not recommended for use on coarse substrata. This grab is
widely used in benthic macrofauna studies.

Day Grab

The Day Grab incorporates a frame to keep the grab level on the seabed and two trigger plates to
activate the release but there are no springs to force the hinged buckets into the bottom. The jaws are
supported within an open framework, which will cause minimum downwash as it lands on the seabed.
Lead weights are usually added to obtain penetration of the seabed.

It does not function well on coarse substrates due to the tendency of larger particles to get trapped in
the jaws and prevent closure of the buckets.

Hamon Grab

Its design consists of a rectangular frame forming a stable support for a sampling bucket attached to a
pivoted arm. On reaching the seabed, tension in the wire is released which activates the grab. Tension
in the wire during inhauling then moves the pivoted arm through a rotation of 90& driving the sample
bucket through the sediment. At the end of its movement, the bucket locates onto an inclined rubber
covered steel plate, preventing part of the sample being washed out.

The Hamon grab is the recommended tool for sampling benthic macro infauna from coarse substrata.

Operating Guidelines

Preparation
- Fasten grab stand to boat for stability.

Place grab on stand and ensure it is secure.
Slacken cable.
Use loading bar to prime grab.

Deployment
- Take up tension on cable.

Hold grab by frame only, keeping fingers clear of the bucket.
Winch the grab off the table and guide off the side of the vessel.

Lower the grab slowly until clear of the vessel then lower at speed until grab is close to the
seabed and then reduce the lowering rate to < 0.5 m/s for the last 5 m prior to impact in water
depths up to 30 m and for the last 10 m for depths greater than 30 m.

Retrieval
Recovery rate should not exceed 1 m/s.

If the grab is swinging on retrieval, drop it back into water to dampen oscillation.

Hold grab by frame only and guide onto landing table.

In the case of Day Grab, Van Veen grab and Hamon grab, empty the sample into a hopper.
In the case of the Shipek grab, remove the bucket.

Sample buckets shall be emptied and washed prior to redeployment.

For sub-sampling, labelling and logging of seabed samples, see section 4.4.2.
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4.4.1.2 Box Corer

The standard box corer is designed to take undisturbed samples from the top of the seabed and it is
suitable for soft to compact substrates. Deployment is similar to the grab sampling technique, where
the instrument is lowered overboard from a vessel via cable. Box corers can penetrate the seafloor to
a maximum depth of 50cm and can acquire greater sample volumes than those obtained from grab
samplers.

The box corer uses an open-ended frame mounted rectangular box, 0.5 x 0.5 x 1 m in dimension. This
size is large enough that the surface of the sediment remains essentially undisturbed during the
collection process. Upon reaching the bottom, the weighted box slides down through the support
frame and penetrates the sediment. The lifting wire uses the mechanical advantage of a pulley system
to swing a spade-like knife through the sediment to close off the lower end. Two hinged covers at the
top seal off the upper opening. Removable sub-frame assemblies, to which cameras and photographic
lighting equipment can be attached, are also incorporated.

Operating Guidelines

Preparation
Prepare box corer for use according to manufacturer’s instructions.

Ensure the safety pins are set correctly to prevent tripping.
Ensure camera is operational if present.

Deployment
- Take up tension on the cable.

Pins supporting the weight column shall be removed once the sampler is lifted off the deck.
Box corer shall be lowered at a slow rate in poor weather conditions.

Reduce lowering rate (to < 1m/s) once corer nears the seabed to enable it to stabilise before
contact.

Deployment of the wire line shall be stopped immediately on reaching the bottom to prevent
excess line getting tangled and interfering with the operation of the corer.

Retrieval

The corer shall be retrieved once the box has been driven into the seabed under its own
weight.

The corer shall be retrieved as fast as possible except for the initial phase of recovery (when
speed should be < 1 m/s) and as it nears the water surface.

If the corer is swinging on retrieval, drop it back into the water to dampen oscillation.

The weight column support pins shall be replaced and a rope tied around the spade to prevent
it from moving as the tension in the wire is released.

The corer shall now be lowered onto the deck.

For subsampling, labelling and logging of seabed samples, see section 4.4.2.

4.4.1.3 Multi-Corer

The multi-corer is used to take undisrupted sediment samples from the surface of the seabed. It
consists of a system to which a series of 6 to 8 tubes, measuring about 4-10 cm in diameter, are
attached. This method is a rapid way of obtaining replicate samples at every site, with penetration in
the order of 30, maximum 50 cm, achievable. Mountings for video camera and light sources, and
bottles to obtain water samples at the seabed/sediment interface are optional.
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Figure 4 — Multi-corer system designed by Oktopus.

Operating Guidelines

Preparation
Assemble and inspect the device according to the manufacturer’s instructions.

Deployment
Rapidly (up to 3 m/s) lower the corer into the water.

Stop paying out cable as soon as the frame hits the seabed.

Retrieval
Once the core has been obtained, slowly pull the corer free of the seabed and then return it to
the surface as fast as possible.

The corer shall be retained in a vertical orientation until the cores are removed.
Disconnect the core cutter from the core barrels and remove the core liners.

Cap each core. Coloured caps can be employed: to indicate the top (red) and bottom (black).
Seal with duck or cloth tape and with wax if available. Do NOT use masking tape as it can go
mouldy and contaminate the sample

For labelling of cores, see section 4.4.2.2.

Store cores in an upright positioning in a refrigerated room (4-5 C).

4.4.1.4 Gravity Corer

The gravity corer achieves penetration of the seafloor under gravity force. This can be achieved with a
free fall winch or a trigger mechanism such as used for the piston corer. A core catcher and a check
valve will prevent the sample falling out of the liner. Penetration of the gravity corer will depend on soil
conditions and weight of the corer. Best results will be obtained in finer grained sediments.

A gravity corer consists of a large weight on top of a steel core barrel that contains a plastic liner. The
wire line is attached to the bail, which is located at the top of each corner and the weight stand is
situated below the bail. The core barrel, which is lined with plastic liner and core catcher, is located
below the weight stand. A core cutter is attached to the bottom of the core barrel. A check valve, which
is used to retain the sample, is located at the top of the weight stand.
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Figure 5 - Schematic of a typical gravity corer.

Operating Guidelines

Preparation
Assemble and inspect the device according to the manufacturer’s instructions.

Ensure the check valve is working properly.
Inspect the trip arm for proper operation and ensure safety pin is present.

Deployment
Rapidly lower the corer into the water.

Stop paying out cable as soon as the corer hits the seabed.

Retrieval
Once the core has been obtained, slowly pull the corer free of the seabed and then return it to
the surface as fast as possible.

The corer shall be retained in a vertical orientation until the core is removed.

Disconnect the core cutter from the core barrel, remove the core liner from the barrel and
place on core cradle. At this stage, it is important to maintain the liner in the same orientation
as it was initially laid down.

If the check valve creates a tight seal at the top of the sample, break the suction before
removing the core to prevent core disturbance.

If a full core is not obtained, drain the water on top of the sample by cutting the liner above the
top of the sample, before the sample is handled or sealed, but care should be taken to retain
the surficial floc overlying a core sample.

Cut the core into sections of max 1 m and seal. Coloured caps can be employed: to indicate
the top (red) and bottom (black) of the section and/or if a section was removed for
geotechnical measurements (yellow). Seal with duck or cloth tape and with wax if available.
Do NOT use masking tape as it can go mouldy and contaminate the sample.

For labelling of cores, see section 4.4.2.2.

Store each section in an upright positioning in a refrigerated room (4-5 C).
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4.4.1.5 Vibrocorer

Vibrocorers are designed to obtain cylindrical cores in soft, cohesive soils to a maximum depth of 6
meters using pneumatic and electrically driven hammer drills. A standard size vibrocorer will obtain an
8.6 cm diameter core. Vibrocorers are commonly used in surveys for sand and gravel. Extensive
logistics are required in the operation of vibrocorers.

The main structure of the Geo-Corer 3000 + 6000 vibrocorer system, available for INFOMAR
sampling, consists of the basement, the two guiding poles, the sliding frame with vibrator and up to six
dead weights to adjust the downward penetration force. It weights approximately 1000-1200 Kg
depending on deadweights in use and has a total height of 7.2 m. The main mechanical components
are as follows:

Figure 6 -Geo-Corer 3000 + 6000 vibrocorer with its main mechanical components. Key: 1 basement; 2
guiding poles; 3 sliding frame; 4 dead weights; 5 rigging head; 6 stays; 7 vibrator unit; 8 barrel pivot; 9
springs; 10 core barrel; 11 pivoting barrel head; 12 extension from 3 m to 6 m core; 13 cutting shoe; 14
core catcher; 15 anti-return valve; 16 liner; 17 guiding block; 18 hoisting wire rope; 19 underwater power
cable.

Operating Guidelines

Preparation
- Setup the Vibrocorer according to the manufacturer’s instructions.

Ensure that the inside of the core barrel is washed thoroughly before a new core liner is
inserted to prevent the liner from becoming wedged against the walls of the core barrel.

Clean the threads once the core liner has been inserted.
Attach the collar.
Calculate the length of wire line to deploy according to manufacturer’s instructions.

Deployment
For the deployment and usage of the vibrocorer, refer to manufacturer’s instructions.

Retrieval
Once it has reached full penetration, slowly recover the vibrocorer to ensure preservation of
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sample.

Remove the liner from the barrel and place on core cradle. At this stage, it is important to
maintain the liner in the same orientation as it was initially laid down.

If a full core is not obtained, drain the water on top of the sample by cutting the liner above the
top of the sample, before the sample is handled or sealed.

Cut the core into sections of max 1 m and seal. Coloured caps can be employed: to indicate
the top (red) and bottom (black) of the section and/or if a section was removed for
geotechnical measurements (yellow). Seal with duck or cloth tape and with wax if available.
Do NOT use masking tape as it can go mouldy and contaminate the sample.

For labelling of cores, see section 4.4.2.2.

Store each section in an upright position in a refrigerated room (4-5 C).

4.4.1.6 Piston Corer

The piston corer takes up to 15-30 meters of undisturbed samples from muddy to slightly sandy
sediment. Most piston corers obtain a 6.3 to 6.7 cm diameter core. Piston corers are a modification of
gravity corers in that they have a piston mechanism that is triggered when the pilot weight or corer hits
the bottom. The piston helps to avoid disturbing the sediment and allows capture of the sediment
without significant compression of the sample.

The piston corer consists of a cylinder with a piston that is pushed into the seabed. As the cylinder is
pushed into the sediment, the piston is retracted, which creates a suction holding the sediment sample
in the cylinder. The other parts are essentially the same as that of a conventional gravity corer.
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Figure 7 - Schematic of a typical piston corer.

51



— INFOMAR

It should be noted that gravity and piston cores may not collect the most surficial seafloor sediment if a
bow-wave is created ahead of the equipment disturbing loose seabed sediments prior to coring or top
sediment is washed out. Additional, coring stretching is a common phenomenon, with ‘over-sampling’
common in the upper portions of the piston cores (due to cable rebound causing upward piston
acceleration), and ‘under-sampling’ dominant in the basal portions of the open-barrel gravity-type
cores (Skinner and McCave, 2003). Cable rebound may also give rise to double penetration of gravity
corers, resulting in repeated stratigraphic intervals. These deformations should be kept in mind when
reconstructing stratigraphy at a site or in the calculation of sedimentation rates

Operating Guidelines

The operation of a piston corer is similar to that of a gravity corer (4.4.1.4) with a few additional steps
to be followed in the preparation and retrieval phases.

Preparation
- Adjust the trip wire length to ensure that the piston is stopped and held at or slightly above the
seabed surface as the core barrel penetrates the sediment. The length of the trip wire is
calculated from L; = V; + L. + F¢ — (I, =d;) where

L, = length of the trip wire

V.= vertical distance the trip arm must move to release the corer

L. = overall length of the corer

F. = free- fall distance the corer travels before it impacts the seafloor sediment
l;= overall length of the trip weight

d; = depth of penetration of the trip weight into the seafloor sediment

Check the clearance of the lifting equipment.

Fill the core barrel with water to prevent hydrostatic pressure from pushing the piston up as
the device is lowered in the water.

Adjustments

After the sediment has been sampled, approximately 0.3 to 0.6 m of water should be separating the
top of the sediment and the bottom of the piston. This separation ensures that the top of the sediments
has been sampled. The following adjustments shall be made if this is not the case:

If the distance between the sediment and the piston is too large, the free fall loop is too short
or the length of the trip wire too long, then the length of wire should be adjusted by an amount
equal to the length of the excess distance between the piston and the core.

If the mud marks on the outside of the corer indicate a significantly greater penetration depth
than the length of the core retrieved the free-fall loop should be shortened an amount equal to
the difference between the core length and the penetration depth.

Retrieval
Remove the core cutter.

Disconnect the cable attached to the piston.

Cut off bottom end of the liner containing the core catcher. If possible, extrude into a clean,
short piece of plastic liner; cut the liner to the length of contained materials, label (with proper
ID and up arrows) and cap. If it is impossible to remove the material intact, dug it out, bag and
label it.

Remove the liner from the barrel and place on core cradle. At this stage, it is important to
maintain the liner in the same orientation as it was initially laid down.

Detach piston stop from liner.

Cut the cores into sections of max 1 m and seal. Coloured caps can be employed: to indicate
the top (red) and bottom (black) of the section and/or if a section was removed for
geotechnical measurements (yellow). Seal with duck or cloth tape and with wax if available.
Do NOT use masking tape as it can go mouldy and contaminate the sample.
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For labelling of cores, see section 4.4.2.2.
Store each section in an upright position in a refrigerated room (4-5 C).

The onboard Geo should act as curator and will be in charge of keeping records regarding cored
intervals, type of tool employed, length of recovery and determining the best estimate of the depth of
the core top below mudline (mbsf — meters below seafloor). The primary responsibility of record
keeping rests with the science team.

At the conclusion of the project, the Party Chief/Chief Scientist should arrange for transportation of the
boxed cores to storage or to a lab for core splitting, description and sampling (see Sect. 4.4.3). Cores
may be transported in a shipping container or by airfreight.

4.4.1.7 Sample acceptability

Only sediments that are correctly acquired with grab or core-sampling devices should be used for
subsequent analyses. Each sample should be inspected as soon as it is secured. If a collected sample
fails to meet any of the acceptability conditions listed below for the respective sampling device, then
the sample may need to be rejected and another sample collected at the site. The location of
consecutive attempts should be as close to the original attempt as possible and located in the
“upstream” direction of any existing current. Rejected sediment samples should be discarded in a
manner that will not affect subsequent samples at that station or other possible sampling stations.

Acceptability criteria

After the sampler is secured on deck, the sediment sample should be inspected carefully before being
accepted. The following acceptability criteria should be satisfied:

The sampler is not overfilled so that the sediment surface is pressed against the top of the
sampler.

Particularly when the top of a sediment section is of interest, care must be exercised during
sampling. Over-penetration by sampling device and jarring or bumping during retrieval should be
avoided. Surficial samples for grain-size analyses are typically defined as having been collected
from 0-2 cm below the sediment/water interface.

Overlying water is present (indicates minimal leakage).
The overlying water is clear or not excessively turbid (indicates minimal sample disturbance).

The sediment-water interface is intact and relatively flat, with no sign of channelling or sample
washout (indicates minimal disturbance or winnowing).

The desired depth of penetration has been achieved.

There is no evidence of sediment loss (incomplete closure of the sampler, penetration at an angle,
or tilting upon retrieval).

If a sample does not meet all criteria, it must be rejected and the site re-sampled. The rejected
sample, however, must be bagged and stored as it is still a record of sampling.

In particular, grabs shall also be rejected under following circumstances:
Incomplete closure of the grab is noted;

For benthos samples: in the centre of the grab they are less than 7 cm thick in mud and 5 cm
in hard packed sand;

Target position outside 25 m radius;

Spillage during transferring of the samples is observed.
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Acceptable if Minimum
Penetration Requirement Met
and Overlying Water is Present

Unacceptable
(Washed, Rock Caught in Jaws)

Unaceeptable (Canted with Unacceptable
Partial Sample) (Washed)

Figure 8 - Acceptability criteria for grab samples (from US-EPA, 2001).

4.4.1.8 Health and Safety

The following measures shall be taken to ensure the safety of personnel during grab and corer
operations:

Protective clothing shall be worn at all times.
No grab/corer deployment shall take place when weather conditions pose a risk to operators.

Only those people trained in the loading and deployment of equipment shall be permitted to
do so.

Deck shall be kept free from clutter at all times.

Communications shall be maintained at all times between deck hands, winch operator and
captain.

Shipek grab to be operated by at least one survey staff in addition to a winch operator and
captain.

Day grab and Van Veen grab to be operated by two survey staff in addition to a winch
operator and captain.

Hamon grab and box corer to be operated by three survey staff in addition to a winch operator
and captain.

4.4.2 Onboard description and Logging

The following information shall be recorded for each grab/core sample taken and included in the
Access sampling log:

Leg, time and date of collection.

Weather conditions.

Water depth.

Position of grab/core on seabed.

Type of grab/core used.

Sample number/ID, replicate number and station number (see convention in 4.4.2.2).
Site identification if any (e.g. low backscatter, sediment wave crest/trough, etc).

Personnel.
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Details pertaining to unusual events that might have occurred during the operation of the sampler
(e.g. equipment failure, unusual appearance of sediment integrity, control of vertical descent of the
sampler, leaking from sampler during retrieval, etc), preservation and storage method, deviations
from approved work plan or procedures.

Estimate of quantity of sediment recovered by a grab, or length and appearance of recovered
cores. For box corers, measure the height of unfilled box before taking the sample and then the
height free of sediment once you have taken the sample, the recovery is obviously the difference
between those two numbers.

Estimate the penetration depth from the height of the mud outside the corer and note if there is
indication of any disturbance.

Analysis or test to be performed, any sub sampling.

Null or invalid samples should be recorded as such so that confusion does not arise later as to
whether or not a sample exists for that station.

Additional information should be recorded for cores:
Time the core barrel was lowered.

Calculation of the distance below the mud line (top and bottom) for the core —mbsf (meters below
seafloor).

Time the core came on board.
Length of all sections.

Disposition of the core catcher (bagged or in liner, whether orientation is good) and the length of
the core catcher.

Notes concerning the presence or absence of mud in the shoe.
Notes concerning possible gas expansion.

These notes will become critical for later determination of the depth below seafloor (mbsf) of each
section.

Description guidelines

All grabs and box corers should be photographed and described on board following the procedures for
sample description reported in Appendix 4 and with reference to Sections 4.5.1 and 4.5.2, Appendices
3 for bedforms and 5 for bedding terminology.

Before description, water should be siphoned off. Decanting the water, or opening the jaws lightly
to let the water run out is NOT recommended as these methods might result in unacceptable
disturbance or loss of fine-grained sediment and organic matter.

Description of the sediment should include texture and consistency, colour, presence of biota,
bioturbation or debris, changes in sediment characteristics with depth, presence/location/thickness
of redox potential discontinuity (a visual indication of black often documents anoxia), and record of
any odour.

Descriptions of sediment texture and composition should rely on a texture-by-feel or “ribbon” test
in addition to visual determinations. In this test, a small piece of suspected clay is rolled between
the fingers while wearing protective gloves. If the piece easily rolls into a ribbon it is clay; if it
breaks apart, it is silt (GLNPO, 1994).

In case of replicates for biological and sedimentological analyses at the same station, a full
description must be carried out (in accordance to template in Appendix 4) on the sample collected
for sedimentological analyses, but a short description should also be noted for biological samples
in accordance to Sect. 4.7.1 (Template in Appendix 9).

As backscatter intensities are heavily dominated by the presence of large gravel, gravel should be
classified by size, sorting and occupied surface area (%). It should also be noted if gravel grains
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are covered by veneer fine sediments or not. Percentage of pebbles, cobbles and boulders should
be quantified.

Shell fraction should be estimated, described and if are surface shells or buried.

Visual examination or characterization of samples is better performed in daylight, if possible, and
without sunglasses, especially when using Munsell colour charts.

Photograph or video each sample, making sure a scale bar is present with the sample identifier
(cf. Sect. 4.4.2.2). Photos should be taken from normal incidence angle. The sides of box corers
should also be photographed. See section 4.4.2.1 ‘Subsampling of geological box corers’ for
detailed instructions on how to photograph a box corer.

If in any doubt, do not discard sediment unless agreed with party chief/chief scientist.

After description, grabs and box corers should be subsampled as in the cruise plan and following
procedures in section 4.4.2.1.

Procedures for the logging and sub sampling of cores are reported in section 4.4.3.

4.4.2.1 Subsampling and storing

General guidelines

To keep sampling artefacts and variation in data to a minimum, certain precautions should be taken
during sampling:

A spreadsheet should be set up listing the samples/subsamples taken. The appropriate field
measurements and any information peculiar to the sample should be supplied to the laboratory
along with the sample.

Particularly when the top of a sediment section is of interest, care must be exercised during
sampling. Over-penetration by sampling device and jarring or bumping during retrieval should be
avoided. Surficial samples for grain-size analyses are typically defined as having been collected
from 0-2 cm below the sediment/water interface.

Care must be taken to obtain a representative split. Be aware of lateral and vertical variability in
grab samples. Collect larger samples from gravelly sediments (see Table 21).

Subsamples should be collected away from the sides of the sampler to avoid potential
contamination.

Subsamples should be stored in containers that are appropriate to the individual analyses (see
Table 12).

All sampling utensils must be clean and made of inert materials such as Teflon® high quality
stainless steel, polypropylene or HDPE. If splits of the samples are to be used for geochemical
analyses (e.g. trace metals), the sampling gear should be plastic or Teflon-A coated and the
spatulas and containers acid washed.

Spatulas should be washed with deionised water between sampling stations.
Samples in plastic bags must be double-bagged.

The size of the container where the subsample/sample is stored should be chosen according to
the size of the sample itself, for example use only small or medium plastic bags for sediment
samples that are few hundred grams in weight or use small bucket for single biological specimen.

Careful labelling is critical. Labels must be legible and permanent. It is advised to test the
permanency of markers on the sampling containers prior to subsampling. For labelling guidelines
see following section (4.4.2.2).

Plastic buckets should be labelled on their sides and on the lids. Buckets should be stabilised in
an upright position in the transport or storage container. Extra containers should be carried on
each sampling trip.

Both internal and external plastic bags should be labelled with sample ID (4.4.2.2), and other
information deemed useful, with a permanent marker. No paper label should be placed inside the
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bags as it can contaminate the sediment and will eventually rot.

Sample containers are cleaned, prepared and labelled prior to sampling equipment deployment at
the first station. At least two people verify that the proper sample containers for each station have
been filled with sediment and that the labels correspond to the proper station name and code.

The volume of overlying water in sediment samples should be minimized to reduce the potential
for resuspension of surface sediments during transport.

To prevent geochemical reactions, the growth of organics or evaporation in a sample, refrigeration
or freezing is usually necessary. Such reactions may change the mineralogy and grain-size
distributions, complicate laboratory analyses, and increase costs. For example, authigenic
minerals such as gypsum may form individual crystals that may grow as large as sand or even
gravel-sized particles.

Similarly, excessive evaporation must be avoided, especially in marine samples if it is necessary
to correct for salt content.

If a sample is to be refrigerated, the container should be filled to the brim to reduce oxygen
exposure.

Sample containers for volatile analyses should have no headspace.

If the sample is to be frozen, it is advisable to leave approximately 10% head space in the
container to accommodate expansion and avoid breakage.

For studies in which it is critical to maintain the collected sediment under anoxic conditions (e.g.,
where metals are the pollutants of concern), the container should be purged with an inert gas (e.qg.,
nitrogen) before filling and then again before capping tightly.

Sufficient sample homogenisation, prior to placing in containers, is critical for accurate

measurements and correct sediment quality determinations.

If rigorous evaluation of metal contamination is a focus of the study, or if anaerobic conditions
need to be maintained for other reasons, it might be necessary to homogenise, subsample, and
composite samples in an oxygen-free glovebox or other suitable apparatus.

Similar depth horizons or geologic strata should be subsampled when compositing core samples.

Sample Containers

Table 12 - Summary of recommended sample sizes, storage techniques and holding times.

Test Minimum Container Container Preservation |Storage Holding
sample size pre-treatment technique conditions [time
Benthic infauna Glass jar or plastic Buffered 4% Room Years
bucket formaldehyde  |temperature
(formalin)
Particle size Variable (see |Plastic freezer bags Refrigerating 4°C > 1 year
Mineralogy Table 21) (double); plastic
Other physical buckets; core liners
Total organic 509 500 ml Glass Jar, Phosphate free Freezing -20°C 6 months
carbon Teflon Lid detergent, analyte free
Semivolatile 200g 500 ml Glass Jar, water, acetone, hexane, [Ereezing -20°C 1 year
Organic Teflon Lid analyte free water, 350
C/4h
Volatile Organic [250 g 250 ml Glass Jar, Phosphate free Refrigerating, no |4°C 14 days
Teflon Lid detergent, analyte free |head space
water, dry > 105°C
Arsenic, 509 50 ml HDPE Jar, Phosphate free Freezing, -20°C 1 month
Selenium Teflon Lid detergent, analyte free [minimum head
water, metal free water |space
Mercury 509 50 ml Glass or quartz Freezing, -20°C 1 month
container minimum head
space

57



— ‘ INFOMAR

Metals 509 50 ml HDPE Jar, Phosphate free Refrigerating 4°C > 1 year
Teflon Lid detergent, analyte free
water, 20 % HNOs / 24
h, metal free water
Microbiology 25049 250 ml HDPE Jar, Phosphate free Freezing -20°C undefined
Teflon Lid detergent, analyte free
water, autoclaved
Total Sulphides |50 g 50 ml Glass Vial, Phosphate free Refrigerating, 4°C, pH 7 days
Teflon Lid detergent, analyte free |[buffering above 9
water
Total Volatile 509 50 ml Glass Vial, Phosphate free Refrigerating, no |4°C 14 days
Sulphides Teflon Lid detergent, analyte free |head space
water
Pesticides Glass, Teflon lid Phosphate free Refrigerating, 4°C or less 7 days
detergent, analyte free |freezing
water
Sediment HDPE Jar Phosphate free Refrigerating, 4°C 14 days
toxicity detergent, analyte free |dark
water, metal free water
Bioaccumulation HDPE Jar Phosphate free Refrigerating, 4°C 14 days
testing detergent, analyte free |dark
water, metal free water

Container preparation for geochemistry

Conventional analysis

Sample containers and lids used for conventional analysis should first be washed with a phosphate-
free detergent solution, followed by thorough rinses with hot tap water and analyte-free water. For oil
and grease analysis, an additional rinse with hexane or methylene chloride and drying at 105°C for 30
minutes should be added to the procedure.

Metals analysis

For trace metals analysis, new sample containers should always be used. Sample containers and lids
should be thoroughly cleaned with a phosphate-free detergent solution, thoroughly rinsed with metal-
free water, soaked for 24 hours in 20 percent HNO; or 50 percent HCI, and rinsed with metal-free
water. The acids used should be of at least reagent-grade purity.

Organics analysis

Sample containers and lids used for semi volatile analysis should first be washed with a phosphate-
free detergent solution, followed by thorough rinses with hot tap water and analyte-free water. The last
step should be an acetone rinse, then a final rinse using high-purity methylene chloride. The lids
should be in place on the container during this rinse step (solvent in the container with the lid tightly
screwed down) because the solvents may rinse plastic from the interior screw threads onto the Teflon
lining.

Firing of glass containers at approximately 350°C for 4 hours may be substituted for the final solvent
rinse only if precautions are taken to avoid contamination as the container is dried and cooled.

For analysis of volatile organic compounds, sample containers, screw caps, and cap septa (silicone
vapour barriers) should be washed with a phosphate-free detergent, rinsed once with tap water, rinsed
at least twice with analyte-free water, then dried at greater than 105°C. A solvent rinse should
generally be avoided because it may interfere with the analysis, although a methanol rinse may be
acceptable.

Subsampling of grabs
Alternatives for subsampling and compositing of sediment grab samples are illustrated in figure 9.

Grabs collected for biological analyses must NOT be subsampled.

When subsampling:
Sample material should be thoroughly homogenised prior to splitting into separate sample
containers.
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A sample aliquot is collected to the appropriate sediment depth and placed in a mixing container,
such as a stainless steel bowl.

If sample aliquots are to be collected from multiple sampler deployments, the stainless steel bowl
containing the sediment should be covered between deployments to minimise contamination from
the immediate environment and stored in an ice chest or cooler.

Sample aliquots for physical and chemical testing should always be collected out of the same grab
sample or composite of grab samples.

Sample material for volatile organic or sulphide compound analysis must be collected out of the
grab sampler from the first successful deployment and sample containers must be filled
immediately, prior to any homogenization. Once the volatile subsamples have been removed, the
sample is thoroughly homogenized with a stainless steel utensil until a uniform colour and texture
are achieved. After homogenization, the remaining subsamples are transferred to appropriate
containers and preserved as required. Samples that are to be stored frozen require a minimum of
2 cm of headspace in the sample container.

Sample Hinged /V -f,Surfacv: of retrieved sediment sample
Retrieval bucket cover~" &«

= ——0-2 cm layer
and Inspection /

- Grab sampler bucket
Subsampling
Surficial 0-2 cm laycer (or other
layer of interest) is scooped or
spooned out of grab,
v ¥ L
Scenario 1 Scenario 2 Scenario 3
Compositing and Compositing in the field, No compositing.
homogenization (mixing) in the | homogenization in the TR
field. laboratory. T
Subsamples Subsamples from Grab 1
e from multiple grabs Subsample 1 |
w multiple_ ) “7 within a station
P mesl within are placed ina
& station are single container VR
placed in a which is sealed T:_TE.‘.Z? Subsample from
:.«»’ bowl. and transported to Grab 2 individual grabs
% the laboratory. Subsample ]J are placed in
Subsamples e individual
/ # \ mixed to Composite containers and
[ v L 3 ) create a sample is transported to the
e hemogenous homogenized laboratory.
Eomposife within the |
sample. laboratory
Port £l it . prior to
ions of the composite sample are ABlEs:
placed in one or more containers ysis Laboratory analyzes the
depending on the analyses to be snmp!les individually or may
conducted. Containers transported to combine th"“__""‘ SEPrOpLIT o
one or more analytical laboratories. create COmpOoSIiars.

Figure 9 - Alternatives for subsampling and compositing sediment grab samples.

Subsampling of geological box cores
Open box core and leave settle if water is turbid.

Remove water from surface using a syphon and remove side of box core.
Photograph sediment surface and profile.
Carry out description (according to template in Appendix 4).

Put organisms from surface in formalin (for the H&S using formalin, see Sect. 4.11.2).
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Insert two liners (pre-cut to box corer sample height) vertically into the undisturbed surface area of
the box corer for the whole height of it. Try to do it slowly and at a constant speed to avoid
deforming the sediment into liner (e.g. compressing it).

For geochemical subsampling, fill an acid washed HDPE jar with sediment from the top 3cm of the
sample using an acid washed polypropylene spatula. Care should be taken that this container
does not come in contact with other equipment (including plastic). Seal the container, label and
freeze.

Spatulas should be washed with purified water between sample stations.

Samples for geochemical analyses should be taken far from the box corer walls in order to avoid
contamination (cf. Sect. 4.6).

Upon completion, remove sediment from the side of the box core to allow removal of liner
samples.

Cover the base of the liner if possible to prevent sediment loss before sliding the sample from the
box core while maintaining an upright orientation.

Cap the base, then trim the liner to the top of the sediment, cap the top, and seal the ends with
duck tape. Label with arrow towards the top, sample ID, and sediment depth in cm on two opposite
sides of liner and write top and bottom at the ends of core length. Liner samples are to be stored
upright.

If an odour of sulphur is noted the ends should be sealed with wax if available.

Finally, take a bulk sample (vertical slice) of remaining sediment, and place in a labelled double
plastic freezer bag.

10 cm 15cm 25cm
Photo 3 P Py Py Py

(10 x 10 cm with
paper scale)

&

Bio Sample

(10x10x10 cm)
Do 2 Liner 2

oto

' | (14 cm diam.)

(25 x 25 cm with
paper scale)
Photo 1
(50 x 50 cm with
cruise label)
Liner 1 —] Geochemical Samples
(14 cm diam.)

Figure 10 - Plan view of box core indicating approximate sub sampling positions

4.4.2.2 Labelling of samples

The requirements of sample containers and necessity of using permanent waterproof ink for labelling
of samples have already been highlighted in the previous section.
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Each sample (either grab/box corer/core) is to be assigned a short label in the format
VesselYear_Station (sample): XX00_000(0)

Additionally, the analysis to be perfomed on the sample/subsample and the sampling gear MUST be
written down on the sample/subsample container.

For example, if taking 3 Van Veen grabs for biological analysis at the first station on the Celtic
Voyager in 2007, they should be labelled:

CV07_001(1) CV07_001(2) CV07_001(3)
BIOLOGY BIOLOGY BIOLOGY
VV-GRAB VV-GRAB VV-GRAB

Note the progressive numbering in brackets.

If you are then taking another grab at the same station to be split into two subsamples for
sedimentological (PSA) and geochemical analyses, they should be labelled:

CV07_001(4) CEO07_001(4)
PSA GEOCHEMICAL
VV-GRAB VV-GRAB

Note that the station is always the same (001) and the number in brackets is also the same (4th
sample at that location) as this was one sample that was split into two subsamples.

If taking one box corer to be split into two subsamples for sedimentological (PSA) and geotechnical
measurements at the 10" location on the Celtic Explorer in 2007:

CE07_010(1) CE07_010(1)
PSA GEOTECH
BOXCORER BOXCORER

Space and time permitting, as much information as possible should also be added to the
samples/subsamples, such as site (e.g. Galway Bay), geographical coordinates, date/time, name of
collector, identifier (see below). Additional information such as required analyses and any preservative
used might also be included on the label although this information is typically recorded on the chain-of-
custody form.

Short labels to be used for different samplers are:

Shipek Grab S-GRAB
Van Veen Grab VV-GRAB
Day Grab D-GRAB
Hamon Grab H-GRAB
Box corer BOXCORER /BC
Multi-corer MC
Gravity corer GC
Trigger weight corer TWC
Piston corer PC
Vibrocorer VC
Core cutter CC
Core catcher CATCHER

Core labelling
Label with an arrow towards the top, short label as above (e.g. CEQ7_100), corer label (e.g. PC for
piston corer), core section number and sediment depth in cm on two opposite sides of liner.

Write top and bottom at the ends of core lengths.

Give trigger weight core and core cutter/catcher samples the same sample number, with the suffix
TWC for gravity core, CC for core cutter and CATCHER for core catcher.

If the sampler is a multi-corer, use the short label as above and add in brackets a progressive
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numbering for each core. As in:
CE07_101(1) CE07_101(2) CE07_101(3)
MC MC MC
And so forth for all cores from one multi-corer drop.

Labelling must be done with permanent black or blue marker on dry surfaces or it will rub off.

If core sections are numbered, number from bottom to top; i.e. if there are three sections, bottom is
1/3, middle is 2/3 and top is 3/3.

Location Identification number

To guarantee continuity with the INSS samples, when logging INFOMAR samples into the survey
Multilog, they will be automatically assigned a unigue Location Identification Number (LIN). This is
strictly a 12-digit numeric and includes year of acquisition, vessel, test type or mechanism, site
number (from sampling plan), intended analysis, and sample number. Also annotated will be the
sample date, collection time (in UTC), and the initials of the collector.

Example: The LIN '02 04 02 01 07 01’ is derived from various parameters as in the following tables.

Table 13 Parameters defining Location Identification Number for labelling purposes

Year |Vessel* |Test Type** |Site Number |Geo/Bio/Chem*** Sample Number
2002 |04 02 01 07 01

Table 14 * Numeric ID for vessels involved in Irish National Seabed Survey data acquisition

S.V. Siren 01
S.V. Bligh 02
S/V Akademic Boris Petrov |03
S/V Professor Logachev 04
S.V. Celtic Voyager 05
Ocean Seeker (Gardline) 06
S.V Celtic Explorer 07

Table 15 ** Testing Type or mechanism to be utilized for data acquisition

Kasten Corer 00
Grab Sampler 01
Box Corer 02
Gravity Corer 03
Piston Corer 04
Push Sampler 05
Vibrocorer 06
Cone Penetration Test |07
Photography (still) 08
Photography (video) 09

Table 16 ***Analysis or type of testing to be carried out on sample

Anticipated Sample Testing Number
Geotechnical only 01
Biological only 02
Chemical only 03
Geotechnical and Biological 04
Geotechnical and Chemical 05
Biological and Chemical 06
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Geotechnical, Biological and Chemical |07
Hydrocarbon 08
Sedimentological only (PSA) 09

4.4.3 Onshore core logging and sampling

This section is only intended as an outline of the workflow when processing sediment cores. It may be
expanded at a later stage as required during INFOMAR seabed sampling.

4.4.3.1 Sedimentological and geological studies
Workflow should be as follows:

1. Physical properties such as magnetic susceptibility, P-wave and bulk density, can be acquired
before or after splitting according to laboratory procedures;

2. Splitting;

3. Core description (guidelines in Appendix 6) and logging on archive half (to include colour
reflectance measurements by spectrophotomer; digital photographs, and X-radiographs);

Smear slides preparation and description;

Core sampling based on sampling plan to be devised at the completion of the offshore phase.
Possible analyses include PSA, moisture and density, paleomagnetics, inorganic chemistry,
bulk mineralogy (example of IODP typical analyses and volume of material required below).

Table 17 - Examples of analyses to be performed on sediment cores and sample requirements.

Sample type Volume/length

Grain size 2-4cm?® (depending on coarseness, more for gravel, see Table 21)
Stable isotopes (C, O) 10-20 cm®

Inorganic geochemistry 10 cm®

Organic geochemistry 10 cm®

Interstitial pore water whole rounds | 5-20 cm long (based on water content)
X-ray diffraction (XRD) 4cm®

Alkenones (Uk37) 5cm?®

Inductively coupled plasma (ICP) |10 cm®

Carbonate 2cm’

Paleomagnetism — cubes 7 cm?®

Paleomagnetism — minicores 12 cm?®

Paleomagnetism — U-channels Depending on section length
Moisture and density 10-20 cm?®

Planktonic foraminifera 10 cm?®

Benthic foraminifera 10-20 cm®

Nannofossils 2cm’

Diatoms 5-10 cm®

Radiolarians 10 cm?®

Palynology 10-15 cm®

Slabs (for X-rays) Depending on interval of interest

4.4.3.2 Geotechnical studies

For transverse sectioning, the core tube (or liner) is placed on a secure surface, and the end caps
removed to allow remaining water to run out. The length of the core material is measured again to
evaluate further compaction between collection and sectioning. Beginning at the top of the core tube
(the sediment surface), sample sections are measured and marked on the outside of the core in
indelible ink. Care should be taken when measuring core sections to consider core compaction. Core
sections, depending on the material of the tube or liner, may be cut with a manual, heavy-duty pipe
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cutter. If cutting all sections from the core at one time, cover the top and bottom of each section with
aluminium foil to prevent contamination from the immediate environment and to keep the sediment
intact.

After cutting, the sediment material can be extruded slowly by tilting the core tube. If the core section
will not slide out easily, a plunger may be used to aid the process. The plunger may be constructed of
any material, but should be covered with a clean piece of aluminium foil each time it is used. Note any
stratification of colour or sediment composition on the core-splitting data sheet. To exclude any
sediment coming into contact with the wall of the core tube, the outer layer (1-5 mm) of the sediment
core should be scraped away using a stainless steel knife. If volatile compounds (organics or
sulphides) are to be analyzed, fill these sample containers immediately. The remainder of the
sediment core is placed into a stainless steel bowl and homogenized as thoroughly as possible with a
stainless steel or Teflon spoon or spatula. Sample aliquots should be transferred to appropriate
containers and preserved as required.

Longitudinal core splits are advantageous to better evaluate the various sedimentary stratifications
relative to overall structure. In this case, the core tube or liner can be split with a circular saw to
expose the core, or the core material can be run across a splitting knife as it is ejected at one end. The
same measurements, observations, and sample-handling techniques as those described above
should be followed.

4.4.4 GIS Integration

4.4.5 Storage, Transport and Tracking

Storage and transport methods should be designed to maintain structural and chemical qualities of
sediment and pore water samples.

Proper storage conditions (Guidelines in Table 12) should be achieved as quickly as possible after
sampling. For those parameters that are preserved via refrigeration (e.g. toxicity) samples should be
stored in refrigerated units on board the vessel or in insulated containers containing ice or frozen ice
packs. For samples that can be preserved via freezing (e.g. some metal and organic chemical
analyses) dry ice can be used to freeze samples for temporary storage and transport. Pelletised dry
ice has been used effectively in the dredged materials management program to store core samples. It
is important to know chilling capacities and efficiencies to assure that temperature regulation is
adequate. Care should be taken to prevent refrigerated samples from freezing and to keep frozen
samples from thawing. Freezing changes the sediment volume depending on the water content, and it
permanently changes the structure of the sediment and potentially alters the bioavailability of
sediment-associated contaminants.

Logistics for sample transport will be specifically tailored to each study. Depending on the logistics of
the operation, field personnel may transport samples to the laboratory themselves or utilise an
overnight courier service. If a freight carrier is employed, the user must be aware of any potentially
limiting regulations (e.g. regarding the use of ice or dry ice). Samples that have a recommended
storage temperature should be cooled to that temperature prior to placement in the transport
container. Light should be excluded from the transport container.

Core samples should be transported in an upright position particularly if the sample is not highly
consolidated material, and secured in either a transport container (e.g., cooler or insulated box) with
ice or ice packs, or in a refrigerated unit that can maintain a temperature near 4°C. In all cases, it is
important to keep the cores cool AND to prevent them from freezing, but ideally, cores should be
refrigerated until splitting is performed. Both ends of the core liner should be completely sealed to
prevent mixing of the sediment inside.

Impregnating unconsolidated sediment cores with epoxy or polyester resins will preserve sediment
structure and texture (Ginsburg et al., 1966; Crevello et al.,, 1981) but not sediment chemical
characteristics. Therefore, this procedure is not recommended for transporting or storing sediment
samples for chemical characterization or biological testing (Environment Canada, 1994).

4.4.5.1 Preservation techniques and holding times
Preservation of sediment samples is generally limited to specified storage conditions such as
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refrigeration or freezing. Depending on the parameter to be analyzed, some samples will require
addition of chemical preservatives. Preservation techniques are summarized in table 12. Care should
be taken to avoid exposure to acid gases that might be released if chemical preservatives are added
to sediment samples.

Extended storage of sediments that contain high concentrations of labile contaminants (e.g.,
ammonia, volatile organics) might lead to loss of these contaminants and a corresponding
reduction in toxicity. Under these circumstances, the sediment should be tested as soon as
possible after collection, but not later than two weeks (Sarda and Burton, 1995).

Sediments that exhibit low to moderate toxicity might exhibit higher variability in toxicity when
tested following storage of short duration (e.g. two weeks). Testing could actually be more reliable
following longer storage for these types of samples if the longer storage reduces potential
interference associated with indigenous predators (DeFoe and Ankley, 1998).

Sediments contaminated with relatively stable compounds (e.g. high molecular weight compounds
such as PCBs) or those that exhibit moderate-to-high toxicity, do not seem to vary appreciably in
toxicity with increased storage time (Moore et al., 1996; DeFoe and Ankley, 1998). Longer term
storage might be acceptable in such cases. Given our incomplete knowledge on the changes that
occur, it is recommended that sediments should be stored no longer than two weeks for toxicity
testing unless site-specific information indicates otherwise.

Sediment cores collected for stratigraphical or geological studies can be stored at 4 °C in a
humidity-controlled room for several months to years without any substantial changes in sediment
properties (Mudroch and Azcue, 1995).
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4.5 Sedimentological Samples

Sediment samples must be classified according to type and size. Guidelines for sediment description
and and particle size analysis are discussed in this section and can be used as a reference when
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describing sediment samples in the field.

4.5.1 Particle Type

The first descriptor is particle type. It is often possible in the field to differentiate between terrigenous
particles and siliceous or calcareous biogenic material although, if possible, the observation of a small
sample under a binocular microscope or the use of smear slides may help the identification.

calcareous

components
Composition categories for

primary & secondary lithologies.
Ranges of dominant

component codes for each
category are shown in
parentheses. Also see

\/
\ calcareous /
\agL N/

additional component

codes.

biosiliceous 30% terrigenous
components components

Figure 11 - Composition categories for primary and secondary lithologies.

When describing the relative content of terrigenous and biogenic material, the following nomenclature
must be used.

If biogenic content is 0-15% use the following wording:
- <2%: traces.
- Upto 5%: some.
- 5to 10%: minor.
15-30% biogenic content: xx-bearing mud (for example foraminifera bearing mud).
30-50% biogenic content: xx-mud (for example foraminiferal mud).
50-100% biogenic content: xx-ooze (for example calcareous ooze).

For oozes, the composition should be specified: calcareous (foraminifera or nannofossils) or siliceous
(diatom or radiolarian). If comgosition is unclear, carbonate content can be estimated by the reaction
of a mud scraping (1-2 mm® is enough) removed from the core and stirred with a drop of 1N
Hydrocloric Acid (HCI):

No visible reaction: nul carbonate content.

Fizzing barely visible: traces to some.

Obvious but no violent fizzing: 10-50% carbonate content.

Violent fizzing and sample almost completely dissolved in HCI: >50% carbonate content.

Be aware that detrital carbonate (i.e. from rocks and not from calcareous shells) in the mud fraction,
therefore not recognizable to the naked eye, can also react with HCI.

For more detail, sediments could be classified as follows.

Particulate Deposits
The geological origin of a single particle type allows the following descriptions:

Clastic: sediment transported and deposited as grains of inorganic origin.
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Typical clastic particles are:

quartz grains: clear or milky white and ranging from very angular to very rounded;
commonly a frosted surface for wind-blown grains,

feldspar grains: varying in colour from milky white to light yellowish brown,

mica flakes: varying in colour from gold-coloured to dark brown,

- dark mineral grains: usually of igneous or metamorphic origin with undetermined
mineralogy,

silicate grains: undetermined mineralogy,

rock fragments: including fragments of carbonate rock,

debris: deposit of rock fragments of a variety of particle sizes which may include sand
and finer fractions; typical examples are rock debris and coral debris.

Organic: remains of plants and animals that consist mainly of carbon compounds.

Bioclastic: sediment transported and deposited as grains of organic origin. Examples of bioclastic
particles are:

Calcareous algae: crustal or nodular growths or erect and branching forms produced
by lime-secreting algae; microstructures include layered, rectangular structures and
internal fine tube-like structures.

- Foraminifera: hard sediment test (external skeleton) consisting of calcite or aragonite
and produced by unicellular organisms; commonly less than 1 mm in diameter, multi-
chambered and intact.

- Sponge spicules: spicules of siliceous sponges in a variety of rayed shapes;
dimensions ranging from less than 1 mm to over 1 cm in length but usually less than 1
mm in width.

- Corals: commonly consisting of small fibres set perpendicular to the walls and septal
surfaces; mainly aragonite composition for relatively recent forms; conversion of
aragonite to calcite for earlier corals, usually with consequent loss of original structural
details.

- Echinoids: hard part of echinoids consisting of a plate or skeletal element forming a
single crystal of calcite; five-rayed internal symmetry for spines of echinoids; typical
widths ranging from several mm to a few centimetres.

- Bryozoans: chambered cell-like structures that are considerably coarser than those of
calcareous algae; either aragonite or calcite composition; possible cell in-fill consisting
of clear calcite and/or micrite.

- Bivalves and Gastropods: Mollusc shells, chiefly of aragonite composition; inner layer
of aragonite protected by an outer layer of calcite for some bivalve shells and
gastropods.

Oolitic: sediment consisting of solid, round or oval, highly polished and smooth coated grains
which may or may not have a nucleus. The coating consists of chemically precipitated aragonite,
possibly converted to calcite. Ooliths have concentric structures and may also have radial
structures. The grains are generally less than 2 mm diameter.

Pelletal: sediment consisting of well rounded grains of ellipsoidal shape and no specific internal
structure. The composition is clay to silt-sized carbonate material, which is probably the excretion
product of sediment eating organisms. Pellets may have an oolitic crust. The grains are generally
less than 2 mm diameter.

Non-Particulate Deposits

Reef: soil or rock formed by in-situ accumulation or build-up of carbonate material by colonial
organisms such as polyps (coral), algae (algal mats or balls) and sponges.
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Orthochemical: orthochemical components precipitated during or after deposition. These
components can include: (1) pyrite spherulites and grains, (2) crystal euhedra of anhydride or
gypsum, (3) replacement patches and nodular masses of anhydrite and gypsum. Single grains are
rare.

4.5.2 Grain size classification

Characterizing the physical properties of sediment is important for ground truthing of multibeam
backscatter and sidescan sonar data, as well as for habitat classification and studying hydrodynamic
conditions, sedimentary environments, and geologic history. The physical properties of sediment can
be described by several parameters. Grain size is the most important of these and is the main way in
which sediment is classified. Not only it is a powerful tool for describing the geomorphological setting,
fluid dynamics and sediment transport mechanisms, it is also a dominant controlling factor in sediment
geochemistry as cations derived from mineral weathering and pollution sources are preferentially
adsorbed onto clay. Other commonly used properties of sediment are sorting and shape (roundness
and sphericity).

4.5.2.1 Standardised nomenclature
Particle size data may be represented in two different scales:

1) linear grain-diameter scale in mm and pm
2) logarithmic phi-scale

The relation between the scales is expressed as

phi = -log.d
where d is the grain diameter in mm.
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Figure 12 - Grain size frequency histograms.

For the conversion of numerical data to descriptive terms the following classification table is most
commonly used in studies of sedimentary environments: Udden-Wentworth (Wentworth, 1922) (Table
18), or the modified Udden-Wentworth scale of Friedman and Sanders (1978). The basic difference
between the two is that the Friedman and Sanders (1978) (Table 18) scale is more detailed and that it
has the silt-clay boundary at 2 pm instead of 4 um in the original Udden-Wentworth scale. The
Friedman and Sanders scale should be used whenever possible.

Table 18 —Sediment size classification table.

mm Size Sediment size Sediment size class Terminology
class Terminology | Friedman and Sanders (1978)
mm_ phi Wentworth (1922)
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2048 -11 Very Large Boulders
1024 -10 Large Boulders
G 512 -9 Cobbles Medium Boulders
R 256 -8 Small Boulders
A 128 -7 Large Cobbles
v 64 -6 Small Cobbles
32 -5 Very coarse Pebbles
E 16 -4 Pebbles Coarse Pebbles
L 8 -3 Medium Pebbles
4 -2 Fine Pebbles
2 2000 -1 Granules Very fine Pebbles
S 1 1000 0 Very coarse Sand Very coarse Sand
A 0.5 500 1 Coarse Sand Coarse Sand
N 0.25 250 2 Medium Sand Medium Sand
0.125 125 3 Fine Sand Fine Sand
D 0.063 63 4 Very fine Sand Very fine Sand
S 0.031 31 5 Very coarse Silt
| 0.016 16 6 Coarse Silt
L 0.008 8 7 Silt Medium Silt
T 0.004 4 8 Fine Silt
0.002 2 9 Clay Very fine Silt
CLAY
Clay

When large numbers of samples are classified or compared, it is more appropriate to use Folk (1954)
ternary diagrams (Fig. 13) or to calculate parameters that characterize the grain-size distribution with a
few variables, e.g. moment measures, such as mean and standard deviation (see section 4.5.2.3).

GRAVEL SAND

%, sand; s, sandy
Z, silt; z, silwy
M, mud; m, muddy

C, gravel, g, gravelly
tg). slighthy gravelly

5, sand; s, dy C. clay; c, claysy
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Figure 13 — Folk’s classification system.

4.5.2.2 Gravel classification

As backscatter intensities are heavily dominated by the presence of large gravel and gravel deposits
may also be of interest for exploitation, particular attention should be dedicated to the description of
gravel.

Several parameters should be used to describe for gravel:

1. Texture;

2. Size;

3. Shape; and
4. Sorting.

The shape and size, with the compositional component, is vital to the understanding of the sediment
dynamics. With larger grain sizes, sphericity and roundness are classically classified utilising callipers
measuring the orthogonal long, intermediate and short axes.
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Texture

The percentage of sand or mud fraction should be quantified and gravel classified according to the
Folk’s classification system as in figure 13.

Size
On the field, gravel size can be determined using rulers or callipers and the most abundant size
fraction should be identified.

Shape

The shape of particles can be measured in terms of form, roundness and surface texture. Particle
grains are unusually spherical in form and tend to represent triaxial ellipsoids and have a long
orthogonal axis, D,, a short D, and intermediate D, axis. The nominal diameter D,, is the diameter of a
sphere having the same volume and weight as the grain. For ellipsoidal particles D,, = (Da.Db.DC)”3 and
it is found that on average, D,, Dy.

The Corely shape factor, S, is recommended as a measure for shape and is defined using the three
axial diameters: S=D. DDy

Form

Form (Fig. 14) refers to attributes involving the three dimensional morphology: i.e. the variations in
proportion of the three axes that define the geometric shape and generally a visual estimate, rather
than actual measurements are employed. Although various measures are used, the most popular is
the Zing diagram, which requires a plot the ratio of the axes (short: intermediate) vs. (intermediate to

long).
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Figure 14 - Zing diagram showing form (modified after Zing 1954).
Roundness

Roundness (Fig. 15), and its inverse, angularity, refer to the outline of a grain and is a measure of the
sharpness or roundness of the corners of a sedimentary particle. Roundness is defined as the
average radius of the corners and edges divided by the radius of the maximum inscribed circles.

Sphericity

The parameter of form or shape can also be described in terms of sphericity and refers to the equal
dimension measure of the ellipsoid (defined as the cube root of the volume of the particle divided by
the volume of the circumscribing sphere). Sphericity can be described as high or low, for example is

70



I INFOMAR

the sediment particle elongated (one dimension longer than the other two), flattened or sheet-like (one
dimension much smaller than the other two dimensions), or is it spherical (its three dimensions roughly
the same length). Sphericity must not be confused with roundness, which described angularity.

Most commonly, parameters such as roundness and sphericity are determined by comparing the
gravel grains with visual comparison charts such as the one below.

ROUNDNESS
Very Sub- Sub- Well
angular Angular angular rounded Rounded rounded
0.5 1.6 25 35 “4.5 5.5
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prismaidal
—25
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—-0.5

Figure 15 - Descriptive roundness and sphericity chart for sand and gravel (Powers 1982).

Surface texture

Surface texture refers to irregularities on the surface so small that they do not affect the overall shape
of the grain. Features include the degree of dullness or polishing and surface markings, such as
striations, chatter marks, percussion marks, and chink-facets (Fig. 15). If they can be discerned by the
naked eye, they should be noted in the description template. However, they may be difficult to
determine without scanning electron microscope.

These features may in some cases be related to the depositional environment, for example pits and
striations have been interpreted as the result of glacial erosion or mass transport.
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Figure 16 - Examples of gravel surface textures: (A) Glacial striations on a sandstone boulder. Two
prominent sets of striations can be observed, probably indicative of rearrangement of the clast as the ice
passed over it. (B) Chatter marks on a limestone cobble from last glacial till. They consist of a line of
transverse pits 1-10 mm long and 1-2 mm deep, each of which is usually curved in the same direction. (C)
Chink facets on sandstone cobbles from beach deposit. Chink facest are smooth faces, convex, concave
or planar, with well defined edges and between 1 and 10 cm in diamater. These features are numerous
when they occur (up to twenty on a single clast). (D) Perussion marks on a quartzite cobble from
interglacial beach ridge. They are crescentic impact scars or interlocking arcuate gouges 1-10 mm long
and 1-2 mm deep, which show no preferred orientation (From Sect. 4.2, Gale and Hoare, 1991).

Sorting

The degree of sorting of sediment is important in the context of mixing and sediment transport. The
most commonly used sorting classification was devised by Compton (1962) for sandstones, but works
equally well on unconsolidated sediments. The classification divides the degree of sorting into 5
categories and is used by direct visual comparison (Fig. 17). This visual assessment can be compared
with sorting coefficient determined from the granulometry.
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Figure 17 - Degree of sorting.

4.5.2.3 Particle size analysis and distributions

Particle size and particle size distributions are amongst the basic physical properties of geological
materials. The determination of these parameters is therefore essential in any attempt to characterise
fully the lithology of sediments. Particle size and distribution also provide important clues to the
behaviour of the sediment under differing physical conditions and they can be sensitive indicators of
the environmental conditions under which it was deposited. Because particle size influences both
chemical and biological variables, it can be used to normalize chemical concentrations according to
sediment characteristics and to account for some of the variability found in biological assemblages.
Particle size is also an important variable for marine engineering purposes. A variety of references
discusses the uses and measurement of particle size (e.g., Krumbein and Pettijohn 1938; Folk 1968;
Plumb 1981; Buchanan 1984; Syvitsky et al. 1991).

Particle size can be characterized in a wide range of detail. The grossest divisions that generally are
considered useful for characterizing particle size distributions are percentages of gravel, sand, silt, and
clay. However, each of these size fractions can be subdivided further so that additional characteristics
of the size distribution (e.g., mean diameter, skewness, kurtosis) can be determined.

Particle size determinations can either include or exclude organic material. If organic material is
removed prior to analysis, the "true" (i.e., primarily inorganic) particle size distribution is determined. If
organic material is included in the analysis, the "apparent” (i.e., organic plus inorganic) particle size
distribution is determined. Because true and apparent distributions may differ, detailed comparisons
between samples analyzed by these different methods are questionable. It is therefore desirable that
all samples within each study (at a minimum) and among different studies (if possible) be analyzed
using only one of these two methods.

Methodologies

Several different laboratory techniques exist for particle size analysis. These techniques use different
grain properties to describe the size of grains. Therefore results may vary for the same sample
depending on the technique used (Syvitski et al., 1991).

The preferred technique used depends on the particle-size range of the sediment (Table 19).
Sometimes more than one technique needs to be used. A review of conventional automated
techniques is provided by McCave and Syvitski (1991).

Table 19 - Techniques for grain size analysis versus sediment size.

73



Traditionally the sand fraction is analyzed with a different technique than the mud fraction, but more
recent laser sizers, such as Coulter Counter LS230 or Malvern Mastersizer, are able to analyse all the
fraction <2 mm (from sand to clay). The use of laser diffraction has been questioned in the past for its
limitations in the detection of the clay fraction (Singer et al., 1988; McCave and Syvitski, 1991). This is
because, in the earlier laser diffractometry, grain size determinations were based mainly on the
Fraunhofer diffraction theory that tends to underestimate particle sizes close to the wavelength of the
source light and becomes increasingly poor below 7 um (Agrawal et al., 1991). Results from more
recent instrumentation, on the other hand, are based on both the Fraunhofer and Mie diffraction
theories (de Boer et al., 1987; Agrawal et al., 1991). Mie-based calculations are less susceptible to
grain size underestimation and were shown to have improved the precision of laser diffractometry to
5% at 2 standard deviations (Sperazza et al., 2004).

Laser diffraction also has few advantages over standard sieve, pipette and SediGraph grain size
analysis. It is precise, rapid, unobtrusive and cost-effective (Sperazza et al., 2004). A known drawback
of many laser sizers is the possible formation in the suspension fluid of air bubbles, which are typically
recorded as spikes in the 100 to 500 um range.

Additionally, if the samples are dried (for example for measurements of moisture contents),
aggregates of clay-sized particles, which are difficult to break up, commonly form. Because these
aggregates or “bricks” may cause the size distribution to appear slightly (about 2-4%) coarser, care
should be exercised to sonify samples with appreciable clay-sized material for at least 1 minute prior
to analysis to minimize this effect. Splitting the sample is a way of avoiding drying the fine.
Unfortunately, getting representative splits is difficult because of intra-sample heterogeneity and the
splitting process can commonly introduce an error much greater than the original 2-4 percent.

One drawback of automated particle sizers is that gravel can not be analyzed. Sieving is used in
determining the grain-size of the gravel fraction, for which other types of analysis are not an option,
because they can®handle particle sizes > 2 mm. This limitation introduces a potential problem with
gravelly seafloor sediments, because it requires that frequency distributions from two techniques,
which measure different grain-size properties need to be merged.

If sieving is used for sand and/or gravel grain-size determination, to provide statistically sound results,
certain sample sizes are needed according to sediment size as shown in the table below. It shows that
any measurements for fractions >32 mm are best guesses only, unless material from more than one
grab sample is combined.

Table 20 - Amount of sediment required for PSA by sieving (from Head, 1980).

Maximum size of material Minimum mass of sample to
present in substantial be taken for sieving
proportion
2mm 100g
6.3mm 2009
10mm 5009
14mm 1kg
20mm 2kg
28mm 6kg
37.5mm 15kg
50mm 35kg
63mm 50kg

As a general rule, a sample mass 200 times of the mass of the largest particle is suggested. This has
an impact on the type of equipment chosen for sampling.

Laser sizers however require a much smaller amount of sediment (up to few grams for sands) and
care should be taken to ensure that the material used in the analysis is truly representative of the
whole sample.

Distributions

Frequency distributions (Fig. 18) are used to provide graphic representations of individual samples.
Multimodality can be an important characteristic of sediments, which may be hidden if the size
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intervals are too large, therefore it is advised to use quarter phi units to best estimate the
characteristics of a grain-size distribution

Figure 18 - Different ways of representing frequency distribution.

Additionally, four types of parameters are used to describe grain-size distributions:

1
2)
3)

4)

The average size (mode, median and mean size, Fig. 19);
The spread around the average (sorting/standard deviation);
The symmetry of the distribution, the presence of coarse or fine tails (skewness, Fig. 19);

The shape of the modes in the curve, peaked or flat (kurtosis).

These parameters can be graphically determined or calculated with mathematical procedures (see for
example Blott and Pye, 2001).

Figure 19 - Skewed grain-size frequency curve, illustrating the difference between positive (fine) and

negative (coarse) skewness (based on Friedmand and Sanders, 1978).

75



GRADISTAT (Blott and Pye, 2001) is a software routine running on MS Excel, and is available free of
charge from the authors. It can be downloaded at http://www.interscience.wiley.com/jpages/0197-
9337/sites.html or http://wwwa3.interscience.wiley.com/cgi-bin/jabout/2388/OtherResources.html. With
this package mean, mode, sorting, skewness, D50 and other statistics can be calculated using
arithmetical, geometrical, and logarithmic relations based on moment measures and Folk and Ward
(1957) graphical methods. With this computer program statistical parameters for several hundreds of
samples per hour can be calculated.

Figure 20 - Example of GRADISTAT result with logarithmic frequency plot.

The choice of useful parameters to describe the physical properties of the seabed using grain-size
analyses is not straightforward (Goff et al., 2000). The mean or median grain-size in a frequency
distribution is not diagnostic of the population of grains, but only indicates where the mode is. For
calibration of acoustic backscatter signals it is important to characterize the entire grain-size
distribution, so more than one parameter should be used. Using the mean, sorting, and the
percentage coarse and fine fraction, describing the tails of the distribution is a valuable approach (e.g.,
Knebel et al., 1999; Brown et al., 2001; Goff et al., 2000; 2004).
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PSA results should be presented together with the test results (see section 4.8)

4.5.3 GIS Integration
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4.6 Geochemical Samples

This section sets out general guidelines for sample acquisition, storage, pre-treatment, analytical
methodology and reporting of results for samples collected toward geochemical testing. The OSPAR
Joint Assessment and Monitoring Programme (JAMP) Guidelines is the recognised guidance for
sampling and storage of sediments. All sediment sampling and storage activity should be consistent
with direction within the document. Much of the following text has been taken directly from the JAMP
Guidelines for Monitoring Contaminants in Sediments (OSPAR, 2002).

It is strongly advised that the details of survey design, sampling, analysis etc., should be referred to Ml
Marine Chemist or to a steering group prior to the commencement of a field programme, in order to
ensure that detailed specifications are drawn up for all the topics identified in these guidelines. Only in
this way can homogenous and comparable data sets be obtained, and the maximum benefit be
derived from their interpretation.

4.6.1 Sampling strategy

It is of utmost importance that the objectives and the practical design of the programme will be defined
prior to sampling. Samples should be collected throughout the area of interest at an appropriate
frequency, taking account of the advice on statistical considerations (see Appendix 7) and considering
the variability in the contaminant content of the sediment and the bottom topography. For example,
denser sampling grids are required nearer to point sources than in areas of diffuse contamination, and
also in areas of uneven bottom topography compared to more uniform areas.

4.6.1.1 Surface sediment studies

In spatial surveys, samples should be distributed throughout the area (including areas of sediment
accumulation and more dispersive areas), all depths of water and taking account of the known
distribution of contaminant inputs. It is normally valuable to obtain information on the variability of the
sediment at a few sites by replicate sampling and analysis. The sampling depth should be decided on
the basis of knowledge of sedimentation rate, mixing rate and the aim of the programme.

4.6.1.2 Retrospective temporal trend studies

In this type of study, sampling should be based on detailed topographic maps of the area and
performed where possible in non-erosion areas. If a point source of contamination is present, the
positioning of the stations should aim at obtaining gradients. To test the representativeness of a single
sediment sample at a locality, several cores should be taken at one or two stations. Care should be
taken when interpreting sediments which are physically disturbed by natural (e.g. bioturbation) or
anthropogenic activities (e.g. trawling).

4.6.2 Sampling equipment

As a general principle, the sampling procedure should not unduly alter the properties of the sediment
(e.g. by contaminating or disturbing the sample or losing the surface layer). The choice of equipment
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should be made depending on the local conditions at the site of sampling (water depth, type of
sediment, etc.), bearing in mind the objectives of the sediment sampling (cf. Sect. 3.4.3, 3.5.1.2 and
4.2).

In surface sediment studies (spatial and temporal trends), box or other corers, which are capable of
sampling the surface sediments without disturbing the structure and are relatively free from “edge
effects”, are recommended. Grab samplers can only be used provided they do not disturb the
sediment.

4.6.3 Storage and pre-treatment of samples
A log should be used during sampling where a general description of the samples is recorded.

The sub-sampling of sediments should preferably be performed immediately after sampling. Care
should be taken to avoid the smeared sides of an extruded core.

At sea, sub-samples should be stored frozen, at -20°C or below.

Acid washed HDPE jars and polypropylene spatulas should be used for Geochemical sample
handling.

Deionised water should be used to clean spatulas between stations.

4.6.3.1 Treatment of sediments prior to chemical analysis

Storage

Subsamples for the analysis of inorganic contaminants, total organic carbon, nitrogen or phosphorus
should be stored either frozen or freeze-dried. In terms of the possible use of older, archived dried
sediment samples for the analysis of metals, there is no evidence, except for mercury, that storage
conditions are critical as long as the sample is kept under non-contaminating conditions. For mercury,
samples should be stored in glass or quartz containers, as mercury can move through the walls of
plastic containers.

Samples taken for the analysis of organic contaminants should be stored frozen, dried or freeze-dried
(depending on the contaminant) and in non-contaminating containers, e.g. glass, Teflon. For longer-
term storage, temperatures of -20°C or below are preferred.

Grain size fractionation prior to chemical analysis

If the programme requires analysis of the fine sediment fraction, the sample should be split using
appropriate sieving techniques (see the Technical Annexes of JAMP Guidelines).

Drying
Samples for analyses of inorganic constituents (e.g. metals), except volatile substances (e.g.
mercury), should be freeze-dried. Alternatively, the sediments may be dried at any temperature below
105°C.

For organic compounds, drying procedures are varied and depend on factors such as the class of
substance.

4.6.4 Analytical procedures

Analytical procedures should be carefully considered to allow comparisons to be made between
laboratories and programmes. Depending upon the objectives of the monitoring programme, the
determinands in question should be analysed either in the <2 mm fraction of the sediment, or else in a
separated grain size fraction, as indicated below.

4.6.4.1 Analysis

When monitoring for the assessment of spatial distribution, analysis of the <2 mm fraction of the
79



sediment is recommended. However, in certain areas, analysis of the fine-grained fraction (< 63
pm) may be preferable.

If monitoring for the assessment of temporal trends through repeated sampling, experience
suggests that analysis of the fine-grained fraction of the sediment (e.g. <63 pm or <20 pm) should
be recommended, as this can provide a more sensitive indicator of change. There may also be a
requirement, arising out of previous assessments of spatial distributions, to analyse the <2 mm
sediment.

If monitoring for retrospective assessment of temporal trends, the analytical approach to core
samples is dependent upon the precise purpose of the programme, and the comparisons to be
made between the core data and other data sets.

4.6.4.2 Determination of variable other than contaminants

For the normalisation of contaminant concentrations in sediments it is necessary to measure
normalising variables (e.g. Aluminium and Lithium). It is recommended that the particle size
distribution, organic carbon and carbonate content of the sediments are also determined. A full
particle-size analysis is ideal, but measurements of the proportion of sediment >2 mm, <63 pm and
<20 um may be made as a minimal characterisation.

4.6.4.3 Metal analysis

The analytical methods used should determine total metal concentrations and have sufficiently low
detection limits to provide quantified data for most samples. Information relating to metal analysis and
detection limits may be found in Technical Annex 6 of the OSPAR JAMP guidelines.

4.6.4.4 Organic contaminant analysis

The analytical methods used should have sufficiently low detection limits to provide quantified data for
most samples. Information relating to metal analysis and detection limits may be found in Technical
Annex 2 and 3 of the OSPAR JAMP guidelines.

4.6.5 Analytical quality assurance

Analyses should be carried out by laboratories approved on the basis of
Relevant experience of the laboratory.
Quality assurance.
Methodology and performance characteristics.

Generally, all procedures should be validated and controlled on a regular basis. For this purpose, in
each laboratory a quality assurance system should be established. This includes the participation in
interlaboratory, preferably international, comparison exercises, proficiency testing schemes,
procedures to ensure the long-term stability of the laboratory’s performance, the use of reference
materials, and the documentation required. More detailed information may be found in the Technical
Annexes of the OSPAR JAMP guidelines

A questionnaire may be issued to selected analytical laboratories in order to assess their capability.
An example of the type of questionnaire is included in Appendix 8.

4.6.6 Reporting requirements

Data reporting should be in accordance with the requirements for National Comments and with the
latest ICES reporting formats, together with information on methods used, detection limits, reference
values and any other comments or information relevant to an ultimate assessment of the data. In order
to establish the acceptability of the data, they should be reported together with the dates and results of
participation in intercalibration exercises and summary information from recent control charts,
including dates, sample sizes, means and standard deviations. In reporting the results of replicate
samples (see Section 4.6.1) it is important to describe the replication procedure fully.
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4.6.7 GIS Integration
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4.7 Biological Samples

The methodology and procedures used to sample benthic infauna are primarily dictated by the goal of
the programme in question. Given the costs associated with sampling in the field it is imperative that
all samples are acquired in a fashion that makes the output from separate sampling events
comparable. As a consequence, to ensure comparability and consistency in sampling, the same
procedure must be employed for all sampling programmes and locations. In order to ensure adequate
classification of habitats and communities within a sampling station it is necessary to acquire a
replicate number of grab samples from an area. A number of publications outline procedure for
infaunal benthic sampling have been produced and provide the background for the approaches used
in the benthic sampling carried out by the Benthos group at the Marine Institute. Examples of some of
these publications are:

UK National Marine Monitoring Programme — Green Book. http://www.sepa.org.uk/marine/

Davies, J., Baxter, J., Bradley, M., Connor, D., Khan, J., Murray, E., Sanderson, W., Turnbull, C.
and Vincent, M., (2001), Marine Monitoring Handbook, 405 pp, ISBN 1 85716 550 0

Holme, N.A.and Mcintyre, A.D. (1984). Methods for the study of marine benthos. 2nd ed.
Blackwell Scientific Publications: Oxford, UK. xii, 387 pp

Anastasios Eleftheriou and Alasdair Mcintyre. 2005. Methods for the Study of Marine Benthos.
418 pages, b/w photos, illus. Blackwell

4.7.1 Onboard Procedures and logging requirements
The following information should be recorded in the field (Appendix 9):
Whether or not the ship was anchored.
Depth and precise position of each replicate; a GPS track plot would be desirable.
The time of day.
The weather conditions during sampling and sea state.
Quality of the sample, penetration of the grab measured and recorded in mm.
A description of the sediment.
The type and specification of the sampler.
Mesh size of the sieve.

Near-bottom temperature, salinity and oxygen measurements are desirable.
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4.7.1.1 Grab sampling — Van Veen Grab/Day Grab

The Van Veen Grab should have a sampling area of 0.1m2 and should weigh 35-40 kg (for use on
mud/muddy sands) or 70-100 kg for sandy sediments. Remove weights from the grab when sampling
very soft sediment to prevent the grab from burying itself. The windows or flaps on the grab should be
easy to open for inspection and coring (for measuring depth of apparent redox potential discontinuity)
prior to emptying.

Methodology

If the vessel does not possess a dynamic positioning system or if the conditions are not calm and
the operator is not able to remain on station, it is strongly recommended that the vessel anchors at
each sampling station. This is to ensure that the samples within a station are taken in as close
proximity as possible. This practice (anchoring) may seem unnecessary, however, by the time a
vessel re-positions itself for each sample a considerable amount of time may be saved by
anchoring in the first place.

The winching process is critical with regard to the maintenance of sample quality. Deployment and
recovery rates should not exceed 1 metre/sec and should be <0.5 m/sec for the last 5 metres for
water depths up to 30 m and for the last 10 m for depths greater than 30 m. Gentle lowering and
hauling of the grab will reduce the shockwave with its risk of losing surface material and reduce
the risk of loss of sediment (particularly fines) by the raising of the grab before closure is complete.
In deeper waters (>200 m), some payout monitoring system is recommended in order to determine
the proximity of the sampling device to the seabed such that speed can be moderated close to the
seabed. In addition, a strain gauge attached to the winching mechanism will indicate when the
sampler has landed and when it has freed the sediment surface. The behaviour upon retrieval
(initial strain due to suction followed by sudden release) will indicate if good penetration was
achieved.

The winch wire must be kept as vertical as possible to ensure that the grab is set down and lifted
vertically.

Record the thickness of material at the centre of the grab to the nearest centimetre. Reject
samples that are a depth of less than 7 cm in mud and 5 cm in hard packed sand.

Note the surface colour of the sediment and any smell (hydrogen sulphide, oil residue etc.)

Note a description of the sediment to include important observations such as tubes, recognisable
fauna, surface features, algae etc.

Photograph the sediment in the grab in order to identify any morphological features. In addition,
the sieved fraction on a sieve should also be photographed. This is paramount as each of the
replicates must be of the same habitat type. Often two replicates that may appear to be the same
sediment type prior to sieving can prove to be of a different habitat when the sieved portion is
examined.

Using a transparent core, take a core from the centre of the sample and record the change in
colour with depth as a possible indicator of Redox state. Using a ruler, three estimates of the
discontinuity layer are made and the average is recorded. This material is then return to the
sample.

Extreme care must be taken not to spill the sample once the grab is on board.

For full quantitative sampling a total of six grab samples to be taken per station - five faunal
replicates and a sixth grab to be taken for analysis of sediment physico-chemical parameters
(Particle Size Analysis (PSA), organic carbon, heavy metals etc.). Any other sampling programme
with a more descriptive output requires a minimum of three replicates per station so as to ensure
some confidence in sampling output and interpretation.

Each grab sample is stored and documented separately. It is essential that samples be properly
labelled. Information on the labels should be sufficient to identify the sample with certainty (see
Sect. 4.4.2.2). Labels made of heavy weight and chemically resistant paper, should be filled out
with a soft carbon pencil that will not fade in formalin or ethanol. Filled out labels are placed inside
the jar containing the sample and this should also be labelled on the outside with a waterproof
marker.
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The faunal grab sample should be emptied into a container and the grab rinsed thoroughly to
avoid loss of the sample. The sample is then transferred portion by portion onto a 1 mm sieve as a
sediment water suspension. Very stiff clay can be fragmented by hand (with care) in the water of
the container

In order to avoid damaging to fragile animals, do not sieve the sample using a direct jet of water
against the mesh.

Pick out the fragile animals carefully by hand (using forceps) during sieving to minimise damage.
Also pick out stones and large shells to avoid grinding effects on organisms and against the sieve.

Once the sample has be thoroughly washed through, a photographic record is made and
additional notes such as dominant fauna, presence of dead shell or large stones, etc. is made.

Flush off all material retained on the sieve into an appropriate receptacle, with water from below.
Avoid the use of spoons or other scraping tools. The sieve should be checked for residual fauna
and any trapped sediment residue.

Clean the sieve after each sample to prevent clogging and ensure equal mesh size throughout the
sieving procedure.

Fix all the samples in buffered 4% w/v formaldehyde solution. In very organic mud, increase this
concentration to 10% or more. Formalin is added to the faunal samples obtained as soon as
possible. If unbuffered formalin is used, di-sodium tetraborate (Borax) should be added to the
sample at a ratio of 1.5¢g/l to prevent the leaching of calcium from shell material within the sample.
The sample sediment must be completely covered by the fixative solution.

4.7.2 Sample Analysis

4.7.2.1 Species counts

Prior to sorting and identification, alcohol is removed from the sample by thorough rinsing through
a 1 mm sieve. The sample retained on the sieve (sieve residue) is then transferred, by
backwashing, into a white sorting tray, with care taken not to leave any specimens on the sieve.

All the fauna is extracted by hand, using forceps or pipette, with the aid of a low power microscope
and placed into suitable labelled containers. The specimens should be stored in 70-80% industrial
methylated spirits/water preservative which can be made viscous to prevent evaporation by the
addition of glycerol.

Sample residue is retained for future quality control examination for unsorted fauna.

The fauna belonging to the major taxonomic groups is identified and enumerated using binocular
stereo and compound microscopes. Standard identification keys for each phylum should be used.

The level of identification expected for major taxonomic groups is species level. Other minor
groups (e.g. Porifera, Nemertea, Nematoda, Echiurida) shall be identified to the lowest possible
taxonomic level.

Operators should note the following:
- Sub-sampling of taxa is not recommended.

- Damaged animals that prove difficult should be identified as far as practicable. Broken
specimens should not be double counted, i.e. only heads, NOT tails are enumerated.

4.7.2.2 Voucher specimens

The voucher collection for each major taxon should be established by competent, professional
taxonomists. Ideally, the same taxonomists would be responsible for the identification of all non-
voucher specimens.

Taxonomic references used in the identification of the voucher series as well as the voucher
specimens themselves must be available for use during the identification of the general (non-
voucher) collections.

83



Voucher series should be established for each reported taxon, including those taxa tentatively
identified as "Genus A" or "species B".

It should include a sufficient number of individual specimens to display all typical intra-specific
variability encountered in that taxon for that study area.

Whenever feasible, the series should include ovigerous and non-ovigerous adult females, mature
males, juveniles and larval stages.

4.7.3 In-House Quality Assurance

It is essential that at every phase of the sampling process, built-in controls be observed to ensure the
guality of data acquisition, collection, handling and analysis, and of subsequent reporting. All samples
must be logged on return to the laboratory (Appendix 10) and their subsequent stage of processing be
recorded.

Random checks should be carried out on all sorted samples and experienced controlling personnel
should check identifications randomly. All data should be proof read before entering into a computer.

Participation in a Quality Assurance Scheme such as the NMBAQC (National Marine Biological
Analytical Quality Control Scheme www.nmbaqgcs.org) would ensure a high degree of taxonomic
expertise as well as producing standardised faunal records.

4.7.4 GIS Integration

4.7.5 Storage, Transport and Tracking

4.8 Geotechnical Samples

Geotechnical investigations are operations of discovery. Investigation should proceed in logical stages
planning should be flexible so that adjustments to the operations are possible where necessary in the
fresh information becoming available. This observational approach permits the development of
engineering strategy and reduces the risks of unexpected hazards being found during or after survey
operations. Should ground problems arise, then it is important to have geotechnical expertise available
at the earliest opportunity to help reduce and mitigate safety and financial risks.

Geotechnical investigations give information at the specific test locations only. Interpretation of
conditions between test locations is a matter of extrapolation and judgement based on geotechnical
knowledge and experience. For example, the actual interface between ground materials may be
gradual or abrupt than a report indicates and actual conditions in areas not tested may differ from
predictions.

4.8.1 Shear Strength of clayey sediments

Clay sediments are usually treated as purely cohesive materials. This is because of their low
permeability which means that pore water pressures remain high and there is little chance to mobilise
the frictional resistance between sediment particles so that the effective stress remains low. The
strength of clay sediments is therefore often represented as S, - the undrained shear strength.

Clays are sensitive materials; this means that if they are disturbed from their natural state their shear
strength is reduced significantly.

Although a number of field-tests for strength exist. It is recommended that, in absence of a
penetrometer or shear vane, the Australian Mineral Foundation test (1973) (Table 21) is employed.
The test is entirely tactile in operation and, although very simple, gives easily comparable results.
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Table 21 - Australian Mineral Foundation test (1973).

Unconfined Standard Penetration
Term Abbreviation Compressive Tactile test Test
Strength (Qu) kPa (blows per 300mm(N))
Very Soft | VS <25 Easily penetrated 5cm by fist | 2
Easily penetrated 5cm by
Soft S 25-50 thumb 2t04
Firm F 50-100 Can be penetrated 5cm by 4108

thumb with moderate effort

Readily indented by thumb
Stiff St 100-200 but penetrated only with 8to 15
great effort

Readily indented by thumb

Very Stiff | V.St. 200-400 nail 15t0 30

Hard H >400 Indented ywth difficulty by 30 and over
thumb nail

Friable Fb Crumbles or powders when

scraped by thumb nail

In normally consolidated sediment the shear strength shows a linear increase with depth (Fig. 21). At
a given depth, the clay has been consolidated by its own weight.

Figure 21 - Profile of undrained shear strength with depth.

4.8.2 Shear strength tests

4.8.2.1 Shear Vane

The shear vane measures in situ the undrained shear strength of clays, generally with the strength
consistency of very soft to firm. The shear vane is recommended for the rapid determination of shear
strength of cohesive sediments either in the field or in the laboratory. It permits the determination of a
large number of strength values with different orientation of failure planes.

The vane apparatus incorporates, in its simplest form, 4 blades arranged in a cruciform, attached to
the end of a rod. The vane rods are pushed into the sediment and the assembly rotated. For each test,
the relationship between the turning moment, or torque, and the angular rotation is determined.

When the vane is rotated, the soil fails along a cylindrical surface passing through the edges of the
vane as well as along the horizontal surfaces at the top and bottom of the blades. The vane size can
be selected to suit the expected torque up to an equivalent undrained shear strength of the sediment
of 250 kPa. The undrained shear strength is correlated to the measured torque by vane size and
torvane spring constant.

The simultaneous use of the shear tester and penetrometer allows rapid evaluation of the degree of
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the internal friction of soil in shear strength, or to determine if the soil is essentially cohesive.

4.8.2.2 Penetrometer

The pocket penetrometer is lightweight and a commonly used instrument for measuring the
unconfined compressive strength of fine-grained cohesive sediments. The maximum force required for
penetration is correlated to the undrained shear strength. The size of the cylinder can be selected so
that undrained shear strength readings of up to 900 kPa can be taken.

The penetrometer must not be used in sediments containing gravel or occasional pebbles. Care must
be taken to measure undisturbed surfaces.

4.8.2.3 CPT

The Cone Penetration Test (CPT) is in wide use for in-situ geotechnical characterisation of ground.
The CPT is performed with a cylindrical penetrometer with a conical tip (cone) (Fig. 22) penetrating
into the ground at a constant rate of penetration. During the penetration, the forces on the cone and
the friction sleeve are measured. The measurements are carried out using electronic transfer and data
logging, with a frequency that can secure detailed information about the sediment conditions. The
measurements, that can be used to delineate soil types and soil permeability, comprise penetration
depth, cone resistance, sleeve friction and, optionally, pore pressure and inclination from vertical.

Figure 22 - Cone penetrometer.

CPT apparatus includes various parts:

A thrust machine which provides thrust to the push rods so that the required constant rate of
penetration is controlled.

A reaction equipment.

A push rod, which is a thick-walled cylindrical tube used for advancing the penetrometer to the
required test depth.

A measuring system including sensors, data transmission apparatus, recording apparatus, data
processing apparatus, and software.

Offshore conditions may include extremely soft ground at seabed. Definition of the seabed (ground
surface) may be difficult. Penetration of the reaction equipment into a near-fluid zone of the seabed
may take place unnoticed and affect the determination of the ‘start of penetration depth’.
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4.8.2.4 Laboratory Vane

The laboratory shear vane test is a means of determining the undrained shear strength of the tested
sediment. The apparatus consists of a cruciform vane on a shaft. The vane is inserted into the clay
sediment and a measured torque applied to the shaft until the sediment fails, as indicated by a
constant of dropping torque, by shearing on a circumscribing cylindrical surface.

The laboratory vane test allows determination of undisturbed or remoulded specimens of cohesive
sediment. The selected specimen is tested in the sample tube in which it was taken or in a mould after
extrusion from the sample tube.

4.8.2.5 Shear Box Tests

Figure 23 - Skematic of a shear box to shear strength measurements.

The shear box (Fig. 23) or direct shear test measures the shear strength parameters of a sample
confined in a metal box, the top half of which can slide over the base, causing a horizontal shear plane
to develop in the sample. The test is carried out using different vertical loads (N) and the shearing
resistance is measured on a proving ring fitted horizontally to the base of the box.

Shear box tests are an alternative to triaxial testing to determine the shear strength parameters of
sediments. Direct Shear, Peak Shear and Residual Shear strengths are recorded by application of a
combination of normal, vertical stress and lateral stress.

4.8.3 Onboard procedures and logging

4.8.3.1 Shear Vane Test

On a reasonably flat surface, the vane is inserted into the sediment and the torsion head slowly
rotated until failure occurs. The maximum shear strength is then read from the index pointer on the
dial of the instrument head. In many versions of the vane, the value must be multiplied by a factor
depending on the diameter of head used to obtain the unconfined compressive strength.

The head for the softest sediments is greater in diameter, and it is advisable to have a surface capable
of taking two tests so that an average value can be calculated.

The procedure is as follows:

1. Check that the sediment type to be tested is cohesive and suitable for shear strength
determination by the shear vane (very sandy or brittle sediments are unsuitable).

2. Record the serial number of the vane head and the vane blade to be used on the
appropriate test sheet.

3. Check that the vane head and vane blade are undamaged, clean and dry, and that the
pointer is free to move and does not stick at any position on the head.

4. Hold the shear vane perpendicular to the sediment surface and push the vane blade into
the soil to a depth at least twice the length of the vane blade, usually 70 to 80 mm. This is
sufficient to ensure that shearing will take place on the vertical edges of the vane blade
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10.

11.

12.

without movement of the undisturbed sediment surface. The depth of vane embedment
should not exceed the length of the vane blade shaft. Avoid any excessive sideways
movement when pushing the vane into the sediment. Where the vane is unable to be
pushed into the sediment to the required depth, the test shall be regarded as finished

Check that the vane pointer is at the correct starting position on the vane head.

Hold the vane head in one hand (or both hands) clear of the pointer and rotate the vane
head at a uniform rate of one revolution per minute, i.e. slowly. This can be checked
against the second hand of a watch. Do not load the spring beyond the maximum value
on the dial or the calibration chart, otherwise the spring could be damaged.

When the sediment shears, the force on the torsion device is released and the pointer
registers the maximum deflection to which the spring was subjected. Record the
maximum deflection reading to the nearest whole unit, from the scale on the vane head
appropriate to the blade size. Using the calibration chart or factor, convert this reading to
the Vane Shear Strength.

If the sediment shears radially without the presence of normal shear failure, either when
inserting the vane blade or during the test, then the sediment is possibly too brittle or hard
or too coarse grained for an accurate test. In this situation, repeat steps (3) to (8) and if it
occurs again, record the fact that the sediment was unsuitable for a shear vane test and
explain the reason why.

Remove, clean and dry the vane before taking other measurements.

If a remoulded strength is required, the vane should not be removed from the sediment
after the sediment shears. The vane head should be turned five complete rotations at a
speed of approximately 10 seconds per rotation, and readings taken after each full
rotation.

After the tests are completed, dismantle the vane rods, clean and dry the vane blade,
wipe the vane head and replace it in its carrying box together with the calibration chart. It
is important to dismantle the vane blade from the vane head using both spanners to avoid
damaging the spring.

The results of the vane test are usually plotted on a graph of shear strength versus depth,
which produces a straight line for a uniform sediment stratum.

4.8.3.2 Penetrometer Test

In use the penetrometer is slowly pushed into the sediment until the penetration mark of the plunger
reaches the level of the soil surface. The action of pushing the penetrometer into the sediment
compresses an internal spring and a pointer, which moves along the scale, indicates the maximum
amount of compression. The scale is calibrated to read unconfined compressive strength directly.
Generally, pocket penetrometers measure unconfined compressive strengths between 0.05 to 0.45

MPa.

Loggin

The following elements shall be recorded as a minimum:

The test method (i.e. shear vane or penetrometer).

If the vane could not be pushed into the sediment to the required depth, the result shall be
reported using the abbreviation UTP (Unable To Penetrate).

Where the strength is greater than that able to be measured by the vane, i.e. the pointer reaches
the maximum value on the dial without the sediment shearing, the result shall be reported in either
of the following two ways, e.g. 195+ kPa or >195 kPa

The Remoulded Vane Shear Strength if carried out. The abbreviation can be used.

A short sediment description of the material tested.

The location of the test site.
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The date of test.

Field or laboratory records shall also include the following information, which need not necessarily
be reported with the test results:

The name of the person who carries out the test.
The serial numbers of the vane head and blade, and the blade dimensions.

Vane head or dial reading for each test (peak, remoulded).

Note that often the units are given in kgf/cm? and have to be divided by 10 (or 9.81) to give the result
in MPa. 1kg force (kgf) = 9.81, where 1kgf is produced when a mass of 1kg is acted upon by
acceleration due to gravity of 9.81m/s®.

4.8.4 Sample Analysis

This section summarises geotechnical laboratory test methods for sediments. Laboratory tests should
be carried out in general accordance with standards published by the American Society of Testing
Materials (ASTM) or British Standards Institution (BS).

Useful measurements

1IN = 1kg x 9.81 or 1 kg force

1kN/m? = 1kPa

IN/m? = 1Pa

1kgf = 9.81IN

1kgflcm? = approx. 100kPa (rounded) or 98,066.50Pa
1kgf/m? = 9.81Pai.e. IN/m?

1TSF = 1kglcm?

4.8.4.1 Water Content

The water content is determined by drying selected sample of sediment for at least 18 hours to a
constant mass in a drying oven. For marine sediment oven temperature should not be above 40-50 C.
The difference in mass before and after drying is used as the mass of the water in the test material.
The mass of material remaining after drying is used as the mass of the solid particles.

The ratio of the mass of water to the measured mass of solid particles is the water content of the
material. This ratio can exceed 1 (or 100%).

4.8.4.2 Unit Weight

Volume Mass Calculation

Measurement of volume and mass of a sediment sample allows calculation of unit weight.

Unit weight refers to unit weight of the sediment specimen and the water content at the time of test.
Optionally, dry unit weight is calculated from the mass of oven-dried sediment and the initial specimen
volume.

Water Content Inference

Water content (w) measurement allows estimation of sediment unit weight () on fully saturated
samples. This practice requires input on density of solid particles and pore water salinity.
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4.8.4.3 Bulk Density

The density of the solid particles of an oven-dried sediment sample is determined by means of a
stoppered-bottle pycnometer, using distilled water.

4.8.4.4 Atterberg Limits — Plastic and Liquid Limit

Atterberg limits are determined on sediment specimens with a particle size of less than 0.425 mm. If
necessary, coarser material is removed by dry sieving. The Atterberg limits refer to arbitrarily defined
boundaries between the liquid and plastic states (Liquid Limit, wL), and between the plastic and brittle
states (Plastic Limit, wP) of fine-grained sediments. They are expressed as water content, in percent.

The liquid limit is defined as the water content at which a pat of sediment placed in a standard cup and
cut by a groove of standard dimensions will flow together at the base of the groove, when the cup is
subjected to 25 standard shocks. The one-point liquid limit test is usually carried out. Distilled water
may be added during sediment mixing to achieve the required consistency.

The plastic limit is defined as the water content at which sediment can no longer be deformed by
rolling into 3 mm diameter threads without crumbling.

The range of water contents over which sediment behaves plastically is the Plasticity Index, IP. This is
the difference between the liquid limit and the plastic limit (wL-wP).

The plastic limit (PL) is defined as point at which the moisture content has reached a point where the
sediment changes from a semi-solid to a plastic like consistency (shear strength ~170kPa). As
moisture content increases, the material remains plastic until it passes the Liquid Limit (LL) where the
consistency changes to semi liquid (shear strength ~1.7kPa). The upper and lower limits of the plastic
range (that is, the liquid and plastic limits) are called the Atterberg limits. A large liquid limit indicates
high compressibility and high shrink swell tendencies and a large plasticity index indicates low shear
strength.

4.8.4.5 Chemical Sample Analysis

The presence of shallow gas in sediment is of geotechnical interest. Gas may accumulate below
sealing low-permeability strata at various levels, but may also be present within a particular stratum.
Deep-water and low-temperature environments may show gas in hydrates form (solid phase).

Gas may seep from a deep thermogenic source or may be of biogenic origin. The common types of
biogenic gas are methane, produced during the decomposition of organic material, and hydrogen
sulphide, produced by sulphur-reducing bacteria. These types of gas form under anaerobic conditions.
Marine environments typically show anaerobic conditions from about 0.2 m below seabed for low-
permeability strata. Greater depths apply to strata of high permeability.

The most common gasses in sediment, methane and hydrogen sulphide, constitute health hazards,
especially when allowed to accumulate. In addition, both gasses are highly flammable and represent a
hazard for activities such as drilling and in-situ testing.

The presence of significant quantities of gas in sediment may affect geotechnical ground behaviour
Conventional geotechnical practice is to take no account of the influence of gas for stability and
settlement assessments, other than possible implicit factors. The process of sampling and sample
handling may affect sample quality and state, so that a sample is no longer representative of the
stratum under consideration. In addition, sampling and sample handling of gassy samples may lead to
rejection of a sample for testing because of excessive disturbance due to gas. These factors may
introduce a bias in the results of a laboratory test programme.

Organic matter and carbonate content measurements may accompany geotechnical tests.

4.8.5 GIS Integration

4.8.6 Storage, transport and tracking

4.8.6.1 Cores
The onboard Geo takes part in off-loading cores, making sure the core boxes are handled carefully.
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After consulting with the Chief Scientist, help either with direct unloading of the core refrigerators or
with loading the containers on the dock. Be sure the containers are loaded safely and properly. Bear in
mind that it is not necessary for the core boxes to be kept in sequential order during transit to the core
repository.

The following procedures apply to core shipments:
Tape a “Core Box Inventory” to one of the core boxes nearest the door of the container.

Document any cores dropped or damaged before or during shipping on the outside of the core box
itself.

4.8.6.2 Frozen Shipments
Following are steps for packing frozen shipments:

Provide the Chief Scientist with a list of nhames, addresses, and sample codes for all frozen
shipments.

Working very quickly, wrap one container volume of frozen samples (in a plastic garbage bag to
prevent contact between sample bags and the dry ice that will be added later (the ice can rupture
the bags, causing cross-contamination of the samples).

Tie a knot in the bag and wrap fibre tape around the knot (most tape, e.g., polyethylene, duct,
used at —80°C does not stick well, so knotting the garbage bag is a better way to contain the
sample).

Write the sample code on the fibre tape clearly and legibly.
Weigh the bag containing the samples and put the labelled bag back into the freezer.

All frozen shipments must ideally be accompanied by a digital temperature/humidity data logger.

4.8.6.3 Refrigerated Shipments

Some samples require refrigeration immediately after collection and during shipment (e.g.,
microbiology, some chemistry, some pore waters, and physical properties whole rounds). The
following procedures apply to packing refrigerated shipments:

Provide the Chief Scientist with a list of names, addresses, and sample codes for all refrigerated
shipments.

Box the smaller samples in standard boxes.
Pack in foam protectors and then in a standard box.
When ready to offload, place a sheet of bubble wrap on top of the bagged samples.

Place a data log (inside of a zip-top freezer bag) in the cooler instructing the scientist to send any
digital data loggers to download the temperature data or to read disposable recorders to indicate if
the shipment was not kept cool. As a precaution, add a peel-off, stick-on temperature indicators to
the underside of the cooler lid.

Place a waterproof shipping label and shipping papers on the outside of the container. Tape over
the label and papers. Wrap filament tape around the cooler and the lid to keep it from opening.

Immediately after packing is complete, hand the shipment over to the shipping agent.

Notify Chief Scientist/Party Chief when the shipment leaves the ship

4.9 Resource Requirements

4.9.1 Equipment

The following equipment should be onboard for sampling operations:
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Biological Box Corer.
Day Grab.

Shipek Grab.

Gravity Corer

Munsell chart.

Tore Vane.

Pocket Penetrometer.
Sieve Washer.
Biological sieves.
PSA sieves.
Stainless Steel spatulas.

Digital Camera

4.9.2 Offshore consumables

Project Co-Coordinator should attempt to standardise supplies and consumables to be used by the
science team prior to the sampling campaign. This can be efficiently coordinated through the Chief
Scientist, or another well organised person who is very familiar with all aspects of the science
operation. Project Co-ordinators should seek advice on use of supplies, which may be standardised
throughout their scientific community, especially when it will impact downstream sample handling and

storage.

The following is a list of consumable requirements for offshore operations:

Formalin.
Sampling buckets for biological sample storage.
Acid Washed HDPE jars for Geochemical sample storage.

Acid washed polypropelene spatulas for Geochemical sample handing.

Deionised water for decontamination of spatulas between sample stations.

Ruler.

Plastic zip locked bags of various sizes for storage of PSA samples.
Heavy duty bags for storage of coarse sediment.

Cable ties for securing heavy duty bags.

Stickers for labelling of samples.

Permanent markers.

Boxes for sample storage and transport.

Core Liners.

Core caps and duck tape.

Batteries for digital camera.

4.9.3 Onshore consumables

4.9.4 Transportation

A detailed plan for core handling and shipping must be prepared and budgeted as part of the project
planning document. Project Coordinators should consult closely with all anticipated users of the
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sample materials to insure that sample handling does not violate particular sampling and/or quality
assurance protocols important to individual team members’ efforts.
4.9.5 Storage

A detailed plan for core handling and storage must be prepared and budgeted as part of the project
planning document. Project Coordinators should consult closely with all anticipated users of the core
materials to insure that core storage does not violate particular sampling and/or quality assurance
protocols important to individual team members’ efforts.

4.10 Quality Assurance Procedures
QA procedures for sample collection should include the following principal elements:
Implementing a sound sampling approach based on the intended use of the data;

Use of sampling methodologies which allow the collection of representative samples based upon
data needs;

Use of sampling devices that minimize the disturbance or alteration to the sample chemical
composition;

Employing decontamination procedures which reduce cross-contamination potential between
sampling points;

Use of proper sample containers and preservation techniques that maximise the integrity of
samples;

Collection of duplicate samples (for example ~10% duplicate for geochemical analysis) to be
submitted to laboratories.

For sample analysis, QA practices within used laboratories should be assessed. They should address
all activities that affect the quality of the final data, such as:

Sediment sampling and handling;
Condition and operation of equipment;
Instrument calibration;

Replication;

Use of standards;

Data evaluation.

4.10.1 Onboard QC
4.10.2 Onshore QC

4.10.3 Documentation Procedures

4.11 Health and Safety Considerations

General

Comprehensive documentation outlining all aspects of health and safety onboard the R.V. Celtic
Explorer and R.V. Celtic Voyager exists and can be obtained from the Research Vessel Operations
section of the Marine Institute. It is not the intention to replicate the entire suite of guidelines in this
scope of work. Alternative vessels used in the course of the INFOMAR project will be subject to their
own guidelines and the Master will always have ultimate responsibility for the safety of personnel
onboard their vessel, however the basic guidelines for deck operations and handling of chemicals
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shall still be observed.

The Master will require all scientific staff to attend a formal safety briefing prior to sailing, and the Chief
Scientist is requested to ensure that all the members of the party are available for this purpose. This is
mandatory under current shipping legislation. At this briefing full information will be given by ship®
staff relating to likely emergencies, safety parameters and specific advice relating to the ship and the
operating programme.

4.11.1 Deck Operations

All scientists working onboard the Celtic Explorer or Celtic Voyager sign on the vessels as crew and
the vessels insurers (The Shipowners©Mutual Protection and Indemnity Association (Luxembourg))
have stated that for the purposes of insurance and liability cover “their activities will not be as per
usual seamen but as operational scientists”. As such, all scientists working onboard MI vessels are
permitted to assist in the operation and deployment of scientific equipment, which includes, but is not
limited to the deployment and recovery of CTDs, SVPs, Small Grabs, Small Corers and Underwater
Cameras. This list is not exhaustive and scientists shall consult with the Master to see if it is
permissible to assist the deployment and recovery of other scientific equipment; however it is
important to note that the final decision in this matter rests with the Master of the Vessel. If any
scientist is uncomfortable in assisting in any of the afore-mentioned activities then there is no
obligation on him/her to do so. Qualified and experienced third party contractors hired by the Marine
Institute may participate in ROV deployments, coring or seismic operations. For safety reasons, it is
NOT permissible for any member of the scientific party to assist or participate in the following
operations: deployment and recovery of moorings and buoys, and heavy coring and/or grab
operations. Scientists are only permitted to operate winches when the winch can be controlled using a
deck lead from within the Dry Laboratory and is being used for specific scientific purposes i.e. Side
Scan Sonar or CTD control. Scientists are not permitted to use any of the vessels cranes.

Personal Protective Equipment shall be used at all times during deck operations and this includes but
is not restricted to the following; life jackets, hard hats and safety boots. No equipment shall be
deployed from a vessel without first informing the bridge. Radio contact shall be maintained between
deck operators and the vessels bridge during all deployments. On smaller vessels visual signals may
be used as is appropriate. Winches shall never be operated without first making sure that all is clear.

4.11.2 Chemical Handling

General

A hazardous materials data sheet, including any chemicals that are being brought aboard shall be
filled out by the chief scientist and submitted to the Master prior to vessel departure. Formaldehyde or
Formalin and Rose Bengal are the most commonly used substances in benthos sampling.
Formaldehyde, in its basic form, is a gas. The liquid form is actually a mixture of formaldehyde gas
and water. The most common concentration used is a 37% solution. That solution contains 37 grams
of formaldehyde gas to 100 ml of solution. Formaldehyde solution will polymerise. To prevent
polymerisation of formaldehyde solution, about 10 - 15% of methyl alcohol is added. It is the addition
of methyl alcohol that causes the substance to be called formalin as opposed to formaldehyde.
Formalin is used in the preservation of benthos. Rose Bengal is a red to brown coloured, odourless
powder. It is used in the staining of calcareous benthos.

Both of these substances are carcinogenic and frequent or prolonged usage can cause
hypersensitivity leading to contact dermatitis. Liquids containing 10 to 40 percent formaldehyde (25%
to 100% formalin) cause severe irritation and inflammation of the mouth, throat, and stomach. Severe
stomach pains will follow ingestion with possible loss of consciousness and death. Formalin is a
severe skin irritant and a sensitizer. Contact with formalin causes white discoloration, smarting, drying,
cracking, and scaling. Prolonged and repeated contact can cause numbness and a hardening or
tanning of the skin. Previously exposed persons may react to future exposure with an allergic
eczematous dermatitis or hives. Formaldehyde solutions splashed in the eye can cause injuries
ranging from transient discomfort to severe, permanent corneal clouding and loss of vision. The
severity of the effect depends on the concentration of formaldehyde in the solution and whether or not
the eyes are flushed with water immediately after the accident.

Emergency and medical procedures for formalin
Ingestion (Swallowing): If the victim is conscious, dilute, inactivate, or absorb the ingested
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formaldehyde by giving milk, activated charcoal, or water. Any organic material will inactivate
formaldehyde. Keep the affected person warm and at rest. Get medical attention immediately. If
vomiting occurs, keep head lower than hips.

Inhalation (Breathing): Remove the victim from the exposure area to fresh air immediately. Where the
formaldehyde concentration may be very high, each rescuer must put on a self-contained breathing
apparatus before attempting to remove the victim, and medical personnel shall be informed of the
formaldehyde exposure immediately. If breathing has stopped, give artificial respiration. Keep the
affected person warm and at rest. Qualified first-aid or medical personnel shall administer oxygen, if
available, and maintain the patient® airways and blood pressure until the victim can be transported to
a medical facility. If exposure results in a highly irritated upper respiratory tract and coughing
continues for more than 10 minutes, the worker shall be hospitalised for observation and treatment.

Skin Contact: Remove contaminated clothing (including shoes) immediately. Wash the affected area
of your body with soap or mild detergent and large amounts of water until no evidence of the chemical
remains (at least 15 to 20 minutes). If there are chemical burns, get first aid to cover the area with
sterile, dry dressing, and bandages. Get medical attention if you experience appreciable eye or
respiratory irritation.

Eye Contact: Wash the eyes immediately with large amounts of water occasionally lifting lower and
upper lids, until no evidence of chemical remains (at least 15 to 20 minutes). In case of burns, apply
sterile bandages loosely without medication. Get medical attention immediately. If you have
experienced appreciable eye irritation from a splash or excessive exposure, you shall be referred
promptly to an ophthalmologist for evaluation.

Handling formalin
Formalin shall be stored away from oxidising agents and Hydrochloric Acid.

At sea use of formalin shall be carried out on an open deck and contact with the eyes and skin
shall be avoided by using splash goggles, rubber gloves, rubber boots and a waterproof apron
when decanting from a large container.

Large bottles shall be stored on deck, securely held or lashed down, so that any spillage can
be hosed off. Formalin shall never be stored in boat accommodation, cabins, galleys etc.
Small quantities are best dispensed from a small-stoppered squeeze bottle.

Formalin shall never be transported at 100% concentration.

Formalin shall only be used by personnel with previous experience in dealing with them.

Emergency and medical procedures for Rose Bengal

If swallowed, induce vomiting immediately as directed by medical personnel. Never give anything by
mouth to an unconscious person. In case of contact, immediately flush eyes or skin with plenty of
water for at least 15 minutes.

Handling Rose Bengal

Keep container tightly closed. Suitable for any general chemical storage area. Containers of
this material may be hazardous when empty since they retain product residues (dust, solids);
observe all warnings and precautions listed for the product.

Wear gloves when handling at all times.

Use chemical safety goggles and/or full face shield where dusting or splashing of solutions is
possible.
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Appendix 1. Suggested online CODA setup parameters for Pinger

Appendix 1

acquisition
Coda Menu Parameter Suggested Setting
Acquisition Trigger A
Voltage 1.25V
Description Seismic
Type Custom SBP
Sample Freq 32000
Samples per ping 5120
Start Delay 0
Trigger A External
Raw Nav Input COM1 Format Coda
COM2 Format Seapath MRU
Hardcopy Printer Ultra 120 High Resolution
Print Line Newest
Line Mode Repeat Output Lines
Count 2
Tag Colour Black
Timeout 30
Image Enhancement Colourmap Greyscale (Inverted)
TVG Start Seabed
Apply TVG from 0 Volts
Adjust TGV Curve As Necessary
Seabed Detection Method Threshold Algorithm
Search Limits Moving Window
Window Width 30ms
Display Processed False
Preview Auto True
Tracking Polarity Positive
Threshold 54%
Offset Position 0
Noise Reduction None
Smoothing Enabled False
Swell Filter Swell Filter None
TVF Type BP
Apply From Sensor
Apply To End of Data
Low Cut 2000Hz
High Cut 5000Hz
Filter Order 4
Display Window View Starts at 0oms
Ends at 100ms
Subsample False
Fix Lines Fix Number True
E,N True
Time True
Heading True
Line Name True
Fill Annotation True
Display All Fixes True
All Other Boxes False
Scale Lines Draw True
Spacing 10ms
Travel Time 2 Way
Reference Heave Comp Sensor
Start Delay False
Annotate True
Fill Text False
Repeat 300 Lines
Heave Compensation Heave Comp True
Invert False
Offset Oom
Gain 100%
Recording Analog Chl Seismic
Continuous Recording False
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Appendix 3

Appendix 3. Bedforms

Figure 24 - Distribution of bedform zones along tidal current transport paths: (a) general model, (b) low
sand supply model, and (c) high sand supply model. The bedforms zones are aligned parallel with mean
spring peak near-surface tidal current velocities (shown in centimetres) (From Belderson, Johnson and
Kenyon, 1982 Bedforms. In: Stride AH (ed) Offshore tidal sands; processes and deposits, Chapman and

Hall, London, pp 27-57).

Figure 25 - The succession of bedforms that develops during unidirectional flow of sandy sediment (0.25-
0.7 mm) in shallow water as flow velocity increases (From Boggs, 2001 Principles of Sedimentology and
Stratigraphy, 4" edition. Pearson Prentice Hall, 662 p.).
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Figure 26 - Descriptive term for ripples. Most terms can also be applied to larger ripple-like bedforms. The
reference axes are x parallel to the current, y vertical and z horizontal and perpendicular to the current
(Modified from Allen, 1968 Current Ripples: Their relation to patterns of water and sediment motion, North

Holland Publishing Company, Amsterdam).
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Appendix 4. Template for field description of seabed samples
Project Details

Project Name: Date:
Geologist/Analyst: Location:
Sample Number: Sample ID:

Sampling information

Vessel

Sampling equipment

Site Number

Time

Leg Number

\Water Depth* (m)

\Weather Conditions

Latitude Deg Min N/S

Longitude Deg Min E/W

Latitude (DD)

Longitude (DD)

Easting (UTM)

Northing (UTM)

Recovery/Instrument Performance

Number of samples in this location

Anticipated Testing

Photo Numbers

* Depth NOT tidally corrected
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Sediment Description

Color

Munsell Color Class Code Name

Color Change with
Sample Depth

Structure Homogenous Interstratified Heterogenous
Surface Texture Rough Smooth Polished
Surface Texture Ripples: [Y]/[N] Height (mm) Wavelength

Fabric/Microfabric

Sediment composition [Terrigenous Calcareous Siliceous

Sediment Type

Sand V.Fine [ ]Fine [ ] Medium [ ]Coarse[ ] V.Coarse[ ]( See Table I)

Particle Size Pebbles [ ] Cobbles [ ] Boulders [ ]
Gravels |(See fig 4. Quantify different sizes)

Sorting

Gravel Spericity Angular  Subangular  Subrounded Rounded Flat Elongate

Gravel Shapes

(Gravel) clast
composition

Mineralogy

Identify major minerals

Biogenic Content/ Shells

Biogenic clasts (note size and
amount)

Colour

Roundness

Organics/Fossils

Identified Infauna Present

Contamination/Debris

Odour / Gas

Geotechnical Properties

Strength/Compactness (Clay/Silt) [Soft  Firm Stiff Very Stiff Hard

Torvane Reading
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Penetrometer Reading

General Description Of Sample

Further Observations

Checklist

Sample Checked for Adequacy
Deviation from Sampling Procedure

Sub-Sampling

Additional Comments

103




Appendix 4

PROCEDURES FOR SAMPLE DESCRIPTION

All representative sub samples, core samples will be conducted in accordance with standard
sedimentological practices. Please check sections 4.4.2 and 4.5 of the “INFOMAR ground truthing and
sampling strategy” document for additional guidelines.

Please note the following:

Sediment colour (Munsell colour chart) — use in daylight if possible or under cold light. If sampler
was a box corer, colour change with depth should also be noted.

Note any surface ripples (height & wavelength, see Appendix 3)
Fabric, microfabric
Sediment composition (see Figure 1)

Size - classified according to the Friedman and Saunders 1978 Grain size classification (Table 1).
If poorly sorted, assess relative content of different size classes (see Figure 1 for nomenclature of
sample texture). Assess gravel sizes using a ruler.

Degree of sorting (use Compton 1962 — see Figure 2)

Degree of roundness/sphericity (use Powers 1982 see Figure 3)
Gravel Shape (Zingg 1935 — see Figure 4)

Percentage minerals to shell, identify major minerals, i.e. % glauconite

The faunal content to be described and identified (and drawn with scales/photographed or a
subsample retained)

Biogenic/shelly component — note size, roundness, colour, presence of organics/fossils, epibionts;
any smell and/or gas bubbles

The strength of the sediment should be evaluated using a shear vane or penetrometer or, if not
available, using the Australian Mineral Foundation Field Description (Table IlI).

In ‘Further observations’, please note (1) if the sample size is sufficient to be fully representative of the
seabed unit that was sampled; (2) if sampling procedure was changed in any way and (3) if any
subsampling was carried out (Please note that sub-sampling of samples for biological analysis should
be avoided unless instructed otherwise).

In the descriptions, use the modified Shell/AAPG mnemonics and abbreviations (Table II).

Rules of logging:

It is important to note all observations — even if it appears trivial at the time — it may give more
information later.

Photograph or video each sample, making sure a scale bar is present with a number identifier.

If in any doubt — don’t throw it away.
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Appendix 5. Bedding

Appendix 5

Figure 27 - Useful bedding-lamination terminology (after Campbell, 1967. Lamina, laminaset, bed and
bedset. Sedimentology v.8, p. 7-26).

Table 22 - Terminology for thickness of beds and laminae.

Beds Laminae
very thick bed very thick lamina
- 1000 mm - - 30 mm -

thick bed thick lamina
- 300 mm - - 10 mm -
medium bed medium lamina
- 100 mm - -3mm-
thin bed thin lamina
- 10 mm - -1mm-

very thin bed

very thin lamina
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Appendix 6. Guidelines and template for core description

The description of each core consists of three types of information:
The primary information (latitude, longitude, water depth, core length);
The lithologic description (using megascopic and smear-slide observations);

Information concerning core conditions that are not inherent to the lithologiccharacter of the
sediments (disturbance, missing section, etc.).

Most of the primary information is obtained from the deck-log, or from other information provided by
the chief scientist(s) of the cruise. Core conditions not inherent to the lithologic character of the
sediments are recorded from the deck log and from initial observations after cutting the core liner.

Each core description is accompanied by a graphic log illustrating the main lithologic boundaries,
inclusions, sedimentary structures, and disturbances of the sedimentary units. The same criteria and
format used for describing piston cores are used for describing trigger and gravity cores. The positions
of the core section breaks are also indicated on the log in order to inform the investigator as to where
samples should not be taken, since the cutting of cores into sections may result in sediment
disturbance.

Megascopic Examination and Description
The elements of description of each unit are presented in the following order:

1. The upper and lower boundaries of the unit in centimeters. (For bagged sediments, this interval is
replaced by the wet weight of the sediment in grams). Lithologic units are recognized on the basis of
compositional, textural, and other sedimentological characteristics.

2. Name and Munsell color and color code of the sediment. Gradual changes in texture or color of the
unit are described accordingly. The term "graded" can be applied to the name of the unit (see the
following section on sediment classification). Interlayering with other types of sediment is also noted.

w

. Observable distribution of volcanic ash, manganese nodules, and staining.

. Internal structures within the unit: zone, layer, lamina, lense, stringer.

4
5. Inclusions: Sedimentary clasts, pebbles, lapilli, manganese nodules.
6. Bioturbation.

7

. Disturbances due to the coring operation and/or transportation.
8. Nature of the bottom contact of the unit.

Other than coarse volcaniclastics, most of the cores consist of muddy lithologies, and classification is
based on smear-slide observations. Sediments larger than 63 m in size must usually be avoided in
smear slide preparations. In the case of sediments with mixed sizes (> and < 63 m), an estimate of
coarse -vs- fine fraction is necessary for sediment classification. If there is an obvious coarse fraction
within an otherwise muddy lithology, a small portion of the sediment is wet-sieved (63 m sieve) and
observed under the binocular microscope. A rough visual estimate is then made of the amount of
coarse —vsfine sediment (based on the amount sieved -vs- residual coarse sediment >63 m). For
example, if a smear slide is a diatomaceous mud, but approximately half of the original lithology is
sand, the sediment will be a sandy diatomaceous mud. Thus, estimated values of dominant
constituents from smear slide analyses, wet-sieving, and megascopic examination are used in
classification.

Glacial marine sediments generally consist of mixed-size classes (such as pebbles in mud). In this
case, the matrix is classified according to the guidelines outlined herein for fine-grained sediments,
and clasts are described separately as inclusions within the lithology.

A unit may exhibit several colors, and color changes within a unit are described as being gradational
or sharp (abrupt). Mottling refers to irregular spots of differing color within the sediment, and the color
of mottling may be included in the description. The color of the sediment is determined by visual
comparison of fresh sediment with the Munsell color chart. If the color of sediment cannot be matched
exactly with the color chart, the closest color is used.
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Any variation in the abundance of a major component in a unit, observable either megascopically or
through smear-slide analyses, is given in the description. Minor constituents that are scattered within a
unit (micro-manganese nodules, lapilli, ash, etc.) may also be identified on smear slides. Their
abundance is determined after a thorough examination of the core and described as scattered,
common, or abundant. Manganese and ferrous oxides that occur as staining materials can be either in
the form of small patches, or spread uniformly within a certain interval. These stainings are described
by the terms slightly, moderately, or highly stained.

In describing the internal structures within a sedimentary unit, the stratigraphic position of each
structure is noted, and when applicable, the composition and the color are also described. Each
structure is defined as follows: Zones are defined as small intervals (less than 20 cm) in which a
notable change in the abundance of some components or inclusions in the unit can be detected, either
through megascopic examination or in the smear slide analysis. Layers have a thickness of between 1
to 10 cm and are separated from the main unit by a discrete change in lithology and distinct planes of
contact. Layers less than 5 cm thick are usually not included on the graphic lithology column of the
core description form but denoted by a symbol in the structure column. Laminae are similar to layers,
but have a thickness of less than 1 cm. Stringers are laminae which are discontinuous and often
irregular in form. In the description of a unit, the following sequence is used: zones, layers, laminae,
and stringers.

Inclusions within an unit are described in the following order:

1. Sedimentary clasts are described in detail including size, composition, color, and position in the
core (Example: "sedimentary clasts up to 12 mm composed of calcareous, ash-bearing mud,
diatomaceous mud, and muddy diatomaceous ooze, all olive gray (5Y 4/1), common throughout").

2. Manganese nodules are described as to their size and position in the core.

3. Volcaniclastics are described as to their textural class and position in the core. Sometimes the rock
type (pumice, scoria) is also mentioned.

4. Pebbles are described as to their size, roundness, and position in the core (Example: "very fine to
fine, subangular to subrounded pebbles common throughout”). Occasionally, their rock type is also
given. Coatings, encrustations, and cementation by manganese or ferrous oxides are common on
clastics and volcaniclastics; they are mentioned when present.

Bioturbated sediments are described in terms of slightly, moderately, or highly bioturbated. The
qualifiers can be approximated as follows:

Slightly: less than 5% bioturbation
Moderately: between 5% to 30% bioturbation
Highly: 30% or more bioturbation

Operational disturbances are disturbances in the sediment usually occurring during the coring
operation, transportation, and occasionally during the splitting of the core, resulting in total or partial
loss of the primary sedimentary structures and the stratigraphic integrity of the sediment. The degree
of the disturbance is described in terms of slightly, moderately, or highly disturbed. Slightly disturbed
sediments still retain most of their primary sedimentary structures, particularly along the central axis of
the core. Moderately disturbed sediments have lost almost half of their original structures and must be
sampled carefully if they are to be stratigraphically meaningful. Highly disturbed sediments have lost
most or all of their primary structures; it is not recommended that these be sampled for stratigraphic
study because of mixing of sediment components. Highly mixed sediment that has randomly entered
the core by suction during the coring operation is described as flow-in and is usually characterized by
vertical striations that can be traced from the base of the core.

Water entrapped in the liner can wash sediment along the side of the liner during transport. Sediments
disturbed in this manner are described as slightly or moderately washed along the side, and can still
be sampled carefully for stratigraphic work. The term, "highly washed along the side", is not used
because such sediment is almost always highly disturbed. An uncommon disturbance occurs when
the overlying sediment is dragged along the side of the liner. Cores described in this manner can be
sampled (carefully) for stratigraphic work.
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Appendix 7. Planning of sampling strategy for environmental
monitoring

Before undertaking a sediment survey, all participants should agree on the programme to be followed
and a planning document should be produced which includes the following information:

1. The objectives of the study and the questions that should be answered,;

2. A description of the sedimentary environment and the population which would ideally be
sampled

3. A description of the population which will actually be sampled bearing in mind the practical
constraints on sampling (e.g. surface sediment samples from sands and muddy sands in the
Celtic Sea at various times over a two-year period);

4. If possible, information about the statistical distribution of variables of interest (e.g.
concentrations of x are Normally distributed with parameters y and z) and the sources of their
variance (e.g. factors in the field which vary in time and/or space, the rate of change of any
input terms and the sedimentation rate). It should be noted that in many cases detailed
information may not be available, but as much information as possible should be used to
provide a basis for survey design;

5. A description of the sampling unit and sampling device (e.g. surface 0-1 cm of 0.1 m? Day
grab sample);

6. The analytical method to be used, including its variance (e.g. total digestion of whole
sediments);

7. The normalisation method to be used (e.g. chlorobiphenyl/carbon ratios, metal/aluminium
ratios);

8. The desired final product (e.g. contour maps, “bubble plots”).

The following references give information, which may be of help for the statistical aspects of designing
a monitoring programme. The particular topics covered are:

a model describing the influence of the input flux, the sedimentation rate, mixing depth, and
mixing coefficient on the concentration at a specific depth in the sediment, and on the statistical
“detection limit” for a trend (Kelly et al., 1994; Larsen and Jensen, 1989);

the number of samples needed per location to be able to distinguish between locations,
depending on “field” and analytical variance, and the pooling of samples (Krumgalz et al., 1989);

trend detection - the chance of detecting a trend in a certain period at a certain (statistical)
reliability, as a function of the frequency and variance (Lettermaier, 1976, 1978).
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Appendix 8. Questionnaire for laboratory approval for chemical

analyses of marine sediments
Separate forms to be filled in for each of the analysis parameters
Guideline for completion of questionnaire:

Approval will be on the basis of parameters tested.

If analysis are subcontracted for any tests the subcontractor should also complete this

guestionnaire for approval

Should there be a significant change in methodology used, please complete this questionnaire

again for the relevant test and re-submit.

Required information may be given as separate attachments.

Category of analyses (e.g. metals, organics..)

Which specific parameters does your laboratory analyse for?

What experience do you have in analysing these parameters in aquatic
sediments (e.g. years analysing, frequency of marine samples)?

Please supply brief description of methodology, including extraction, clean-
up and detection methods.

Are the methods validated?
Please list performance characteristics.

(Ensure units are clear — e.g. precision as CV and please explain the basis
of precision)

LoD:
Accuracy:

Precision:

Does your laboratory participate in appropriate marine sediment
proficiency testing schemes? If so, which and since when?

Is your laboratory accredited for such tests?
If so, in accordance with which system?

If the answer to the above is no, do you run an in-house quality system? If
so, please give details.

Do you regularly run appropriate marine CRMs?
Please state which ones.

Do you run in-house references with each batch of analysis?

Do you maintain control charts for analyses of all reference materials?

What system is in place for identifying and addressing non-conformances?
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Appendix 9. Template for field description of sample replicates
collected for biological analysis.

Location: Vessel: Anchored Sampling equipment Weather conditions Date and
(N/Y) Time:
Station: Latitude: Longitude; |Depth (m): Mesh size: |Bottom Ph: Bottom Bottom
T(C) Oxygen: | Salinity:
Sample Faunal/ Grab Sediment description (colour, smell, surface Comments
code sediment Thickness texture, tubes)
(mm)
Replicate
1
Replicate
2
Replicate
3
Replicate
4
Replicate
5
Replicate
6
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Appendix 10 Biological sample processing sheet.

Appendix 10

Sampling Programme

Sampling Location

Sampling date

Sample Code

Stained/date

Preserved/date

Sorted/date

Being
processed

Total fauna
Identification
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