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EXECUTIVE SUMMARY 

The implications of changes in bottom sediment behaviour to the marine environment 
arising through gravel extraction is a stated priority within the Sustainable Land-Won and 
Marine Dredged Aggregate Minerals Programme Theme 3A. The principal environmental 
consequence of offshore aggregate extraction is a fining of seabed sediment texture due 
to screening of sediments during retrieval. This, in turn, gives rise to a change in the 
stability of the seabed. Whilst there is a considerable body of work in relation to the 
environmental impact of dredge operations, the magnitude of changes specifically in 
seabed stability, and the importance of such changes to the marine environment, has not 
been hitherto quantified directly. This proposal aimed to apply benthic flume technology to 
determine in situ the change in seabed stability. Benthic flumes represent a semi-mature 
technology which has been used in the assessment of fine sediment dynamics but has yet 
to be applied within an aggregate mining context. Benthic flumes collect information on 
both the current strength necessary to first produce sediment movement and also the rate 
of sediment movement under higher current flows.  

This report describes the technical design, fabrication and testing of a new benthic flume 
(Voyager II). Examples of the type of data the flume produces are included and described, 
also a Recommended Operating Guideline has been written in order that other 3rd parties 
are able to enjoy future use of the flume. 
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1. BACKGROUND  

In deeper, tidally swept areas typical of coarse grain aggregate sites, both the 
current- and wave-induced frictional stress may be considerable and sediment is 
transported across the seabed. The sediment transport is of importance to local 
source-sink equilibria (especially where dredge operations are conducted in waters 
<20m deep), to coastal processes/shoreline stability and to the continued, natural 
healthy functioning of the benthic ecosystem (Limpenny et al. 2002). The chief 
sediment dynamic variables which are used to describe the sediment transport are 
the critical flow velocity (Ucrit.) and the transport rate (q). The critical flow velocity is 
the nearbed flow velocity which is sufficient to just move sediment grains, whereas 
the transport rate represents a mass flux with units of mass per unit area per unit 
time. Knowledge on both of these is required for an understanding of the 
environmental consequences of changes in the physical dynamics of the aggregate 
site, and for the correct formulation of predictive sediment transport models (a 
stated aim of Theme 3a  within SAMP).  

Aggregate extraction can have a number of physical environmental effects on the 
seabed including the removal of sediment and the resident fauna (Newell et al. 
1998), changes to the local hydrodynamic regime via localised deepening of the 
seabed, changes to the regional sediment transport regime through interception of 
sand moving over the seabed, changes to the nature and stability of sediments 
accompanying surface screening or the exposure of underlying strata, increased 
turbidity and redistribution of fine particulates (CIRIA, 1998; Boyd and others, 
2002). However, in spite of this considerable body of scientific research on physical 
processes at aggregate extraction site, there are (to the proposers’ knowledge) no  
reported field data specifically on either Ucrit. or q either before or after dredging. 
One of the fundamental questions regarding environmental impact of dredge 
activities – to what degree does the dredge operation modify the seabed stability? – 
therefore remains unanswered. It is precisely this knowledge gap that this 
proposal addresses.  Currently, estimates of Ucrit and q for use in modelling 
schemes are obtained from existing empirical knowledge based upon grain size 
information and indirect observations such as bedform character (Limpenny et al., 
2002), or are based on historical formulae derived from laboratory flow channel 
studies on river sediments. Whilst there has to date been no other choice but to 
adopt these approaches, now there is a new technology that can be used to 
measure these variables directly in the field situation. This technology, termed 
benthic flume technology, has been used in the field of fine sediment research for 
the past decade, and can be considered a semi-mature technology. However, there 
are no extant reasons why this technology, with some modification, cannot be 
applied in an aggregate mining context. Indeed, some (unpublished) benthic flume 
studies have been conducted on rippled sands of the Fraser River delta, Canada 
(Amos, pers. comm.) 

A variety of field-portable instruments capable of deployment in the field have been 
developed (see Black and Paterson, 1997, for a detailed overview). These include a 
shear pad, continuous and pulsed vertical jets, an erosion bell, a suction-stirring 
device, and a range of benthic flumes of differing designs. The flumes have been of 
the annular or race-way recirculating type, or straight flow-through type. Each of the 
flumes can be placed on the seabed, and water is then pumped or driven over the 
bed until erosion occurs. Flow within the flume channel is usually increased in a 
stepwise fashion, and most devices use fast-response sensors e.g. optical 
backscatter sensors, to measure the time-evolution of suspended sediment and 
imposed flow speed. Some flumes are equipped with a video camera to examine the 
sediment movement during an experiment.  
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This proposal was directed towards use of the benthic flume technology in an 
aggregate mining context. Benthic flume technology as stated is a semi-mature 
technology, and has been used to date more extensively in the area of estuarine 
sediment dynamics research (Black and Paterson, 1997). We proposed to take the 
technology forward in order that it could be used within a coarse sediment context. 
Many of the physical and engineering principles surrounding construction, testing 
and use of these instruments are well known and it was our view that some 
modifications would be necessary, but these were not substantial.  

No operational benthic flumes currently exist in the UK, and therefore we proposed 
to design, construct and field test a new flume. We developed, principally in 
conjunction with Ian Selby (Hanson Aggregates), an experimental approach that 
embodied a set of measurements on a dredged and non-dredged area of seabed 
offshore Great Yarmouth (UK).  
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2. PROJECT OBJECTIVES 
 

The aim of the project was to use benthic flume technology to measure, directly on the 
seafloor, the central engineering parameters which describe sediment transport, and which 
are used by modellers in their seabed boundary algorithms. These are a) the critical grain 
entrainment flow velocity (Ucrit.) and b) the rate of sediment transport at a range of flow 
velocities above Ucrit. (q). 
 
The specific project objectives were as follows: 
 
Objective 1.  To design, construct and test an annular benthic flume suitable for offshore 
deployment. 
 
Objective 2.  To deploy the benthic flume instrument on an existing offshore aggregate mining 
site (Great Yarmouth) on both dredged and non-dredged areas.  
 
Objective 3.  To collect supplementary information e.g. benthic photographic data and 
sediment grain size data deemed useful to support the benthic flume deployments. 
 
Objective 4. To formulate a template for the adoption of benthic flume technology and the 
associated experimental approach within the range of standard monitoring methods for the 
evaluation of dredge impact at aggregate extraction sites. This will be achieved in conjunction 
with staff at CEFAS. 
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3. APPROACH AND FLUME METHODOLOGY 

Objective 1.  was directed towards design, construction and testing of an annular 
benthic flume suitable for offshore deployment, founded upon a logical sequence of 
R&D activities. Initial efforts were directed towards design and construction of a 
field operational benthic flume; this was then followed by a trial of the instrument in 
a test tank, which will soon be followed by actual deployments to obtain data on 
seabed stability at the specified marine site.  

3.1 Flume Construction and Associated Sensors 

The benthic flume comprises an annular channel based broadly on the pre-existing 
designs of Amos et al., (1992) and Maa et al., (1997). The flume was named 
Voyager II  (Figures 1 and 2). It comprises an aluminium channel 0.30m high and 
0.15m wide fixed about an internal frame. It weighs approximately 150kg in air and 
40kg in water. Within this channel 8 equidistantly spaced paddles are centrally fixed 
in order to induce a flow of water in the annulus (Figure 3). The paddles are moved 
around the axis of the channel by a chain-drive mounted at the top of the inner 
channel wall (Figure 3). A cog arrangement, which protrudes through the inner wall, 
is driven by a 0.6hp, 24V dc Benex submarine motor through a gearbox fixture.  

The flume is instrumented with a variety of fast-response sensors which are used to 
measure the sediment transport generated by the moving paddles. Three SeapointÔ  
optical backscatter sensors are affixed to the outer channel wall at differing heights 
above the bed and these measure water turbidity within the annulus (Figure 4). 
Turbidity is a proxy measure for the concentration of suspended sediment in the 
flume water. A self-logging bistatic Nortek ADVÔ  flow sensor is fixed 0.15m above 
the nominal sediment water interface to measure flow velocity (3 components) and 
flow turbulence (Figure 5). In addition, using sound propagation this sensor 
acquires a measure of the distance from the sensor face to the bed, a method 
known as altimetry. If ripples migrate around the flume then their passage can be 
measured using this approach. Data from each of these sensors is logged directly to 
a Marine Informatics FlexiData SubloggerÔ  onboard programmable data logger.  

A bespoke onboard computer (Grund Electronics) can be programmed to control 
and measure the lid rotation frequency. The design specification for the flume was a 
maximum in air lid rotation rate of 1ms-1, with a capacity to reverse the lid rotation 
direction. The software is flexible and can be configured to change the lid rotation 
(i.e. flow speed) in a number of different ways. A series of discrete steps of a 
specified magnitude and duration can be applied, which constitutes the dominant 
historical method for measuring sediment transport. However, a smooth 
acceleration can also be applied to mimic the gradually changing tidal flow, and a 
sinusoidal (reversing) flow regime can be applied through reversal of the lid rotation 
direction. This mimics passage of a wave over the bed. The software also directly 
measures the lid rotation rate, which provides data to correlate with measured flow 
speeds during calibration exercises. In practise, the flume is pre-programmed with 
the desired lid rotation, and then emplaced and left for ca. 3 hours on the seabed to 
operate autonomously and unattended.  

A window is located in the inner flume wall for the purposes of observing and 
recording the sediment motion (Figure 6). A colour JVC EverioÔ  long play, high 
memory, digital hard drive video camera within a bespoke Greenaway Marine 
underwater housing is mounted within the flume frame pointing towards the window. 
A metal wedge at the base of the window sections the sediment upon flume 
deployment. Thus the upper 20mm of sediment and the lower 10cm of the water 
column are visible. Light is provided by 2 Seatronics SEA-LED 30W high intensity 
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underwater LED lamps (Figure 6); switching of these and variation of the light 
intensity are controlled through the software.  

The flume is also equipped with a number of ancillary fixings. These include: lifting 
lid sections to avoid air in the channel during deployment (see Figure 1); a warp 
release mechanism (to leave the flume on the seabed); a backup acoustic release; 
a programmable triple water sampler; lead ballast. A corer is mounted to the 
internal frame of the flume (Figure 7); this enables cores up to 0.5m in length to be 
collected during each deployment of the flume. A core catcher is fixed into the base 
of the corer to avoid sample loss.  

 

 

Figure 1  A wide angle shot of the flume instrument . The long pods on the top of the 
instrument house the batteries and motor control so ftware. 
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Figure 2  A schematic diagram in cross-section of t he flume giving its general dimensions.  

 

 
Figure 3  Photograph showing one of the 8 paddles m ounted within the annulus and affixed 

to the chain-drive. 
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Figure 4  Housing containing 3 optical turbidity se nsors; note each sensor looks across the 

flume channel. 

 
Figure 5  Photograph of the Nortek ADV current velo city/altimeter sensor. The instrument is 

‘downward-looking’ and acquires velocity data appro ximately 10cm above the bed.  
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Figure 6  Photograph showing the window in the inne r wall and the two LED lamps. The 

camera [not shown] is out off the shot just to the right. 

 



MIRO  

P1003.05.D001v02  

DATE 3rd August, 2007 

CONFIDENTIAL 

 
 

   Page 13 of 30 

 
Figure 7  Photograph of the onboard corer. The vert ical position can be adjusted according 

to the length of sample required. A core catcher is  mounted in the bottom of the corer 
to prevent sediment loss. 
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3.2 Bespoke Software Control 

A bespoke onboard computer (Grund Electronics) can be programmed to control 
and measure via 5 channels the lid rotation frequency1. The channels record: 

·  Actual paddle speed (feedback via optical encoder),  

·  Battery voltage,  

·  Timing of water sample actuation,  

·  Motor power (%), and  

·  Resistor temperature (°C) 

The software is flexible and can be configured to change the lid rotation (i.e. flow 
speed) in a number of different ways. A series of discrete steps of a specified 
magnitude and duration can be applied, which constitutes the dominant historical 
method for measuring sediment transport. However, a smooth acceleration can also 
be applied to mimic the gradually changing tidal flow, and a sinusoidal (reversing) 
flow regime can be applied through reversal of the lid rotation direction. This mimics 
passage of a wave over the bed. The software also directly measures the lid 
rotation rate, which provides data to correlate with measured flow speeds during 
calibration exercises. In practise, the flume is pre-programme with the desired lid 
rotation, and then emplaced and left for ca. 3 hours on the seabed to operate 
autonomously and unattended.  

Figure 9 shows a screen dump of the opening page of the software. Within the 
software 6 ‘pages’ are presented. These are: Realtime; Get Data; Graph Settings: 
Manual Control:; Program; Quick Program. Note the small channel indictor ‘Online 
Values’ tabulation (Figure 8). This appears on all pages of the software and 
indicates the actual (numeric) values of each logging channel (actual paddle speed, 
battery voltage, water sample, motor power, resistor temperature). 

 

 

 

 

 

Figure 8  Zoom of the Online Value tabulation that accompanies the software. 

Table 1 summarises the main control elements within each of these. 

The software is also used to switch the submarine lamps (Figure 6) on and off. This 
is achieved through provision of an analogue voltage (0/5V), and the intensity is 
thus uniform (i.e. not variable).  

                                                 
1 Note: software setup of the data logger, Vectrino and Seapoint turbidity sensors are via manufacturer specific software. 
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Figure 9  Screen shot showing the front end of the flume software. The graph, which allows 

zooming and re-positioning, depicts the time-series  of each of the 6 channels, and 
permits storage of the viewed data in a text (ASCII ) file. ‘Clear Online’ clears the screen 
and erases the data streams. 

Table 1 Summary of the Control Features within the Flume Software  

Page Software Control 

Realtime Shows graphically time-series functioning of the log channels; 

Permits export of data as ASCII format 

Get Data Permits uploading of data collected during autonomous operation of the 
flume. 

Graph Settings Allows user control of the graph settings and annotations 

Manual Control Allows full manual control of the flume in a uni-directional rotation basis 
only. 

Program Allows full programming facility for autonomous operation of the flume 
on a line-by-line basis 

Quick Program Provides a semi-automated programming facility; code can be uploaded 
into the ‘Program’ page. 

3.3 Flume Testing  

The flume, and associated sensors, have been extensively tested in both dry and 
wet (submerged) conditions. The Nortek Vectrino sensor, the Seatronics LED 
lamps, the JVC digital video, and the optical backscatter sensors were all confirmed 
as functioning correctly.  
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Table 2 summarises a number of qualification tests undertaken. In each test a 
paddle ramp duration (tramp; i.e. the time necessary for the paddle rotation rate [W; 
ms-1] to achieve a desired rotation rate [Wdes; ms-1]) was constant at 0.1min. A range 
of values for Wdes were specified and incremental or decremental variations to the W 
were applied manually. A number of differing manual changes to W were performed.  

Table 2 Example of Testing of the Flume in a Dry La boratory 

Test Desired Paddle 
RPM (WWWWdes, ms -1) 

Incr/Decrement  No. 
Steps 

Filename 

1 0.2 0.1I 1 Test_1_290307_Manual.txt 
2 0.2 0.1I 2 Test_2_290307_Manual.txt 
3 0.3 0.1D 1 Test_3_290307_Manual.txt 
4 0.2 0.1D & 0.1I 2 Test_4_290307_Manual.txt 
5 0.4 0.1I & 0.1D 2 Test_5_290307_Manual.txt 

Figures 10 and 11 show example screen dumps of the ‘Realtime’ front page, which 
records graphically the test as it proceeds. The filenames (*.txt) correspond to these 
data saved to a file on the computer. The logging of the 6 channels is clear and the 
different test protocols can be seen in the temporal variability of paddle rotation rate 
(W) and motor power (visible as red and purple lines, respectively). In all cases the 
numerical indicator of actual (i.e. measured) paddle rotation rate (see Figure 8) is 
the same as the desired paddle rotation rate, and this provides confidence that the 
test parameters can be appropriately controlled by the software in both the manual 
and autonomous control modes.  

 

 
Figure 10  Time-series of the 6 logging channels co rresponding to Test 1. 

[Test_1_290307_Manual.txt]. 
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Figure 11  Time-series of the 6 logging channels co rresponding to Test 4. 

[Test_4_290307_Manual.txt]. 

 

 
Figure 12  Time-series of the 6 logging channels co rresponding to Test 5. 

[Test_5_290307_Manual.txt]. 
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A screen dump of the data once it has been transferred to Microsoft Excel is 
presented in Figure 13.  

 

Figure 13  Example of data obtained from a typical run once exported to MS Excel. 

3.3.1 Submerged Tests 

The dry testing of the flume operation was also repeated in a shallow test tank 
(Figure 14), and the flume was found to perform correctly and satisfactorily. 15 tests 
incorporating a varied combination of Wdes and velocity increments/decrements were 
performed (Table 3). These were designed to provide a testing framework for the 
flume. Data similar to that above was collected for a range of experimental runs.  

Table 3 Tests performed on the flume when submerged .  

 
Test Desired 

Paddle RPM 
(WWWWdes, ms -1) 

Incr/Decrement  No. Steps 

1 0.2 Various Various 
2 0.2 Various Various 
3 0.3 Various Various 
4 0.2 Various Various 
5 0.4 Various Various 
6 0.6 Various Various 
7 0.6 Various Various 
8 0.6 Various Various 
9 0.6 Various Various 
10 0.8 Various Various 
11 0.8 Various Various 
12 0.8 Various Various 
13 0.88 Various Various 
14 0.91 Various Various 
15 0.91 Various Various 
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Figure 14  Submerged testing of the flume in a shal low freshwater tank. 

3.4 Flume Operating Manual 

A Users Manual has been written and published for flume users (Figure 15). This 
includes all the necessary background and operational information necessary to the 
correct technical operation of the flume. The sections include: 

·  Software Installation 

·  Boot Up Procedures 

·  Disconnection Procedures 

·  Realtime Data Acquisition 

·  Data Uploading 

·  Graph Settings Control  

·  Manual Control of the Flume 

·  Programming for Autonomous Use 

·  Quick Programming for Autonomous Use 
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Figure 15  Facsimile cover of the Users Manual for the flume. 
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4. DEVELOPMENT OF A FIELD TRIAL PROGRAMME 

A fieldwork programme has been formulated in conjunction with Dr Ian Selby of 
Hanson Aggregates (Southampton). Whilst this project has remained dominantly a 
technology development project, there must be scope for undertaking field 
measurements within a framework of relevance to the offshore aggregate industry, 
and to address the objectives outlined in Section 2.  

4.1 Assessment of Offshore (Dredge Site) Sediment S tability 

In order to evaluate the impact of dredge operations on the stability of the seabed at 
a marine aggregate site, measurements were conducted and compared from a site 
which has been dredged and a site which has never been dredged.  

4.2 Site Details 

Figure 16 shows the areas of interest and indicates active dredge areas, and areas 
which are licensed but yet to be exploited. A deployment of the flume in 24m of 
water was successfully conducted, and a summary of the time-series data from this 
deployment is shown in Figure 17. 

 

 

 

 

 

 

 

 

 

 

Figure 16  Licensed and active dredge areas of the seabed offshore Great Yarmouth, Norfolk, 
UK. The notation ····  marks the sign of the field deployment of the flum e. 

4.3 Results  

Figure 17 shows concurrent time-series data of turbidity (expressed in raw data 
units only), paddle rotation frequency (i.e. lid speed), relative bed level, and 
switching of the lamps.  

The experiment involved ramping the lid rotation to a speed of 0.25ms-1 over a 
period of 1 approximately hour, and then holding this speed constant. The 3 optical 
sensors record the evolution of sediment concentration in suspension; the vertical 
offset on the graph indicates differing concentrations at differing elevations in the 
flume channel, with the highest concentrations closer to the bed (purple line) and 
the lowest concentrations farther from the sediment bed (red line). It is interesting to 

·  



MIRO  

P1003.05.D001v02  

DATE 3rd August, 2007 

CONFIDENTIAL 

 
 

   Page 22 of 30 

Offshore Marine Trial of Voyager II
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note that the suspended sediment evolution in the overlying water lags behind the 
increase in the lid rotation ramping; this is indicative of a steadily weakening bed as 
the shear induced by the paddle rotation continues to influence the sediment-water 
interface. This effect is frequently seen in sediment beds which are weakly 
biologically stabilised.  

As the suspended sediment concentration rises i.e. as bed scour gains momentum, 
there is a relatively rapid change in bed level of the order 2cm. Whilst resuspension 
of the bottom sediment is obviously occurring, such a rapid change is likely the 
result of a ripple moving beneath the ADV sensor. Since the bed level signal is 
relatively invariant for at least 36 minutes, then this puts a limit on the bed sediment 
transport rate in the form of ripple migration. If the experiment was continued for a 
further 30-60 minutes the ripple would have propagated through the channel 
beneath the sensor; with both ripple passages it is possible to compute the mass-
based bed load sediment transport rate in units of kg sand/m2/minute. This is qs, the 
sediment transport rate with which quantitative comparisons of differing seabed 
areas can be made. 

It is through acquisition of this type of data that the transport rate of sandy seabeds 
can be measured, and in this sense the flume technology has been demonstrated. A 
full, scientifically and statistically robust assessment of the stability of aggregate 
sites could be realised through a summer-time survey.  

 

 

 

 

 

 

 

 

Figure 17  Time-series of turbidity (OBS1, OBS2, OB S3), bed level, and paddle rotation rate 
for a deployment of the flume at an offshore locati on. The green line indicates the 
duration for which the submarine lamps are on. 
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5. RECOMMENDED OPERATING GUIDELINE (ROG) FOR 
VOYAGER 2. 

5.1 Introduction 

Objective 4/7 th  Deliverable  was directed towards formulation of a template for the 
adoption of benthic flume technology and the associated experimental approach 
within the range of standard monitoring methods for the evaluation of dredge impact 
at aggregate extraction sites. This initially was to be achieved in conjunction with 
staff at CEFAS. Following discussions with Dr Roger Coggan (CEFAS, Lowestoft) 
the suggested most appropriate format for this document was as a Recommended 
Operating Guideline (ROG). ROG’s are a level beneath formal Standardised 
Operating Procedures (SOP’s), and in practice less prescriptive. Numerous ROGs 
have been written for the use of geologic and geophysical methods (e.g. side-scan 
sonar, sub-bottom profiling), and these are being issued in late 2007 in the form of 
a publication by the MESH (Mapping European Seabed Habitats) Group. We 
adopted the structure of the ROG template to satisfy Objective 4.  

This ROG will be freely available to all parties e.g. the wider academic and industry 
community, interested in using the flume technology.  

5.1.1 Mobilisation 

The importance of effective mobilisation is based upon thorough preparation. In 
advance it is good practice to produce a listing of all equipment required (and to 
arrange all these on a floor surface for checking), a list of project contact details, 
the prospective events diary for the work, and a map/list of any relevant travel 
arrangements. Copies of all documentation should be filed in the project folder. A 
double check of necessary PPE (personal protective equipment) should be made for 
all offshore work.  

5.1.2 Vessel Requirements  

The flume is 2.20m in diameter and for operational purposes 1.5m high in the transit 
wooden box. Several aspects pertaining to vessel requirements require attention. 
Firstly there needs to be a safe means of transferring the flume onto the vessel, and 
checks should be made regarding quayside and vessel lifting facilities. The flume 
weighs approximately 200kg (inclusive of the box) in air. 

The vessel must possess a suitably large and safe area for flume storage, and in 
order that the flume can be set up during vessel transit. Equally checks must be 
made to ensure that the gantry or crane which may be used to deploy the flume is 
certified suitable for lifting the flume mass, and that there is sufficient space around 
the lifting/deployment area to safely deploy the flume at sea.  

5.1.3 Georeferencing Requirements 

It is important to ensure that adequate positional information can be obtained and 
that the configuration of any electronic navigational instruments (e.g. dGPS) is 
known (see also section on metadata). The following require consideration: 

1. Is there a reliable dGPS system available? 

2. How is positional data logged (manually or to a logging device)? 
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3. What position on the vessel does the nav-feed give (e.g. position of GPS 
aerial or offset positions such as the stern gantry or a ‘common reference 
point’)/ 

4. Will an acoustic tracking beacon be used on the flume? 

5.1.4 Accessory Equipment Requirements 

Only relatively few accessories are associated with benthic flume deployments, 
however an equipment check-list should be drawn up to ensure all relevant bits of 
gear, spares and maintenance equipment are taken. These include:  

·  Spare electronics pod, 

·  Tools for the various fixtures, including mini-TV screen and multiple socket 
extension lead[s], 

·  Containers/bags for holding the core sample, and for collecting 
sediment/water samples for calibration purposes, 

·  Camera (to photograph the flume and samples), 

·  A laptop to immediately download the data from the logger[s], including 
appropriate external backup media, 

·  Clipboards and general stationery (including waterproof pens and labels), 

·  Labelling media (e.g. indelible pens), 

·  Personal protective equipment (clothing, gloves, barrier cream), 

·  Field Record Sheets for recording metadata and sample data. These provide 
a valuable prompt to ensure that all necessary metadata are recorded for 
each deployment. 

5.2 Quality Control Procedures 

A formal quality control procedure should be followed to check the Field Record 
Sheet has been fully and properly completed. The observer should initial the sheet 
and pass it to a third party (e.g. Scientist-in-Charge) for checking. Any omissions or 
errors should be corrected by the observer. The third part should then initial the 
sheet to confirm the Quality Control check has been completed (see example Field 
Record Sheet illustrated in the section below on Recommended Logging 
Information  (section 5.4). 

Once checked, the metadata from the Field Record Sheets should be entered into a 
dedicated meta-database for permanent storage. The person entering the data 
should initial the original Field Record Sheet as part of the QA/QC procedure. The 
abundance and biomass data from each sample should be transferred to a 
spreadsheet for electronic storage and at the same time checked for any probable 
errors. 
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5.3 Data Storage and Backup Recommendations 

The amount of data produced by the flume is not large but of course is extremely 
valuable as well as costly to acquire. It is therefore important that suitable backup 
procedures are put in place to secure the following electronic files. The following 
require backup immediately upon retrieval of the flume: 

·  Test metadata, including the position logging files 

·  Operational data (e.g. test protocol data; actual paddle speed, battery 
voltage, timing of water sample actuation, motor power, resistor 
temperature), 

·  Digital FlexiData SubloggerÔ  data (velocity*3, height, turbidity*3), 

·  MPEG4 movie data, 

·  Any externally collected data (e.g. from externally mounted equipment), and 

·  Digital copies of the Field Log Sheets. 

The original Field Record Sheets should also be archived according to local Quality 
Assurance policy (commonly storing paper records for 5 years and then re-
assessing the option for disposal). 

5.4 Recommended Logging Information 

The clearest way to give guidance on recommended logging information is by way 
of an example (Figure 16). The field log sheet (below) covers information that 
should be logged in the field every time the flume is deployed. Note higher-level 
metadata is also required relevant to the research programme, the cruise/campaign, 
the area being surveyed etc.  
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Figure 18  Example Field Log Sheet to be completed for each deployment of the flume. 

 
 
 
 
 

VOYAGER II 
                  

FIELD LOG 
                  
Client                 
           
Project Code                
           
Date                 
                  
Vessel   Company    Skipper    

       
Contact 
No.   

  
Site Details   Deployment Location     Lat   

Nav offset?      Long   
Seabed Type      
Acoustic Release Code     

  Metoc Conditions       
  

           
Test Details         
           
Applied Stress Code     Notes 
  + -   

tramp       
Wmin       
Wmax       
DW       
N       

ttotal       
Water sample[s]   
Core sample   

  
Arctica Filename(s)   
FlexiData Logger filename       
MPEG4 filename   
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5.4.1 Risk Assessment 

An appropriate risk assessment for flume deployments should always be carried out 
prior to the field survey, and this information should be distributed amongst all 
relevant bodies and individuals. In addition, the lead scientist should arganise a 
local ‘toolbox’ talk with all personnel associated with deployment of the flume (e.g. 
vessel skipper, ab crew members). 

5.4.2 Demobilisation Notes 

Once the survey has finished, the flume should be thoroughly washed with fresh 
water and checked for damage. Any damage should be repaired before the next 
survey. Before disembarking the vessel a check should be made that all 
water/sediment samples are counted and logged.  

5.5 Operation Guidelines 

This section sets out the standard procedure for deployment and recovery of the 
flume.  

5.5.1 Pre-deployment. 

A thorough pre-check of the flume is necessary prior to deployment. A systematic 
approach is necessary and the following Deployment Checklist Sheet should be 
used for this purpose (Figure 17). 

 

VOYAGER II 

            

PRE-DEPLOYMENT CHECKLIST SHEET 

            

Client           

  

Project Code  

  

Date 

  

Prior to Uploading Software 

Switch on lamp manually   

Move paddles manually   

Ensure correct program is being used   

Programme uploaded and verified           

Program protocols are logged to Field Log sheet           

Setup and record Vectrino protocol[s]   

  

Prior to Closing Pressure Housings 



MIRO  

P1003.05.D001v02  

DATE 3rd August, 2007 

CONFIDENTIAL 

 
 

   Page 28 of 30 

Red switch is 'ON'   

Fuse is inserted    

  

Prior to Deployment           

Dummy plugs inserted in charging sockets   

All cables connected securely   

TV confirmation of video function   

Syringes primed   

Burn wire scratched off   

Weights added   

Acoustic release secured           

Lifting warp securely attached   

Figure 19  Pre-deployment Check Sheet to be used fo r each flume deployment. Hard-copy and 
digital records should be kept. 

Just prior to deployment check once again the flume is in good condition (and sign 
off), check that it is attached securely to the deployment warp and that the acoustic 
release is fixed to the frame. Check finally the deck area for anything that may 
constitute a danger to the deployment process. 

5.5.2 Deployment 

As the vessel approaches the sampling station the gear is readied and all personnel 
associated with deployment are cogniscent of their role and physically in the correct 
position on the deck. The lead scientist should ideally double check who, amongst 
the AB crew, is in charge of the deployment operation.  

Record the time, position and water depth at the moment the flume is released onto 
the seabed. Record the incident weather and metoc conditions, and make notes on 
the ‘quality’ of the deployment operation. It is good practise to assign an ordinal 
measure to the deployment quality (e.g. ‘1’ for very high quality, no problems to ‘5’ 
for a poor deployment). 

5.5.3 Recovery  

Careful recovery of the flume is essential in order to avoid damage to the 
instrument. The flume is relatively safe when on the seafloor and if the metoc 
conditions constitute a danger to the safe recovery of the flume then the lead 
scientist should make a call on leaving the flume in situ until the conditions improve. 

Although the flume operates in an untethered mode, the simplest deployment 
protocol is to deploy the flume on a buoyed rope and this can then be used to 
recover  

5.5.4 Processing the sample 

The catch should be transferred to the designated sorting area on deck, labelled 
with the station details (e.g. Cruise Identifier, Station Number, Station Code), and 
photographed. Photographs provide a useful visual record of the seabed type. 



MIRO  

P1003.05.D001v02  

DATE 3rd August, 2007 

CONFIDENTIAL 

 
 

   Page 29 of 30 

6. INFORMATION AND DISSEMINATION  
 

The results of this work have been communicated to a range audiences. The prime 
of these is a M-ALSF conference held at Southampton University in September, 
2007. A PowerpointÔ  presentation describing the whole project and containing 
video imagery was delivered to an audience of ca. 120. The project has, since its 
inception, been advertised on our website, and this entry has been updated at 
regular intervals. Several press releases have also been issued to various trade 
magazines.  

There has been considerable interest in the flume technology from many individuals 
and companies, including members of regulatory agencies. Some have visited the 
warehouse where the flume is being kept. We aim to introduce in a practical sense 
this new tool to the specific marine aggregate community during the field trials 
stage, and already several members of companies associated with offshore wind 
energy development have asked if they may be able to see the instrument being 
deployed and to view some of the data.  
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