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1. Introduction 
On the instructions of Stornoway Port Authority bathymetric, side-scan sonar, magnetometer and sub-bottom 
profiling surveys were conducted in Stornoway Harbour on the Isle of Lewis, Scotland.  

The programme of events was as follows: 

Mobilise     18th February 2013 

Multibeam Sonar Survey   19th February to 4th March 2013 

Side-Scan Sonar Survey   20th February 2013 

Sub-Bottom Profiler Survey  21st to 23rd February, 1st March 2013 

Magnetometer Survey   20th to 28th February and 4th March 2013 

Sunday (Non Work Days)   24th February and 3rd March 2013 

De-mobilise    4th March 2013 

The vessel was transported to Stornoway by road and ferry on 18th February 2013, and launched at the slipway 
in the grounds of Lews Castle. The equipment was mobilised on the 18th February 2013, allowing a prompt start 
of survey operations on 19th February 2013. The weather conditions throughout the survey were calm, such that 
there were no adverse effects of the weather on the data collection quality. 

For the purposes of this survey Stornoway Harbour was divided into sub-areas, which are shown in Figure 1. 
Area 1 comprised the inner harbour, along the length of Cromwell Street Quay and down to North Beach Quay. 
Area 2 comprised the basin to the west of Esplanade Quay.  
Area 3 was Newton Basin.  
Area 4 was Glumaig Harbour. 
Area 5 was the remainder of Stornoway Harbour limits of responsibility.  This was further subdivided by a line 
running east-west through Arnish Point, giving an inner and outer area. 
 

 

Figure 1 - Overview of the survey area, with sub-areas marked in red 
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Bathymetric data was collected for the whole harbour, out to the harbour limits illustrated on BA Chart 2529, and 
extending into as shallow water as was safe and practicable. The magnetometer survey covered the inner part of 
Area 5, including areas 1 through 4. The sub-bottom profiler survey was undertaken in areas 1 to 4. The side-
scan sonar survey took place in area 4 only. 

2. Description of Site / Geomorphology 
The shape of the inlet in which Stornoway Harbour lies is linked closely to the structure of the underlying 
bedrock. Crushed Lewisian gneiss dominates the harbour geology, which underlies the conglomerate and 
sandstone characteristic of the Stornoway Beds1. The western edge of the harbour lies along the outcrop of a 
fault juxtaposing the Precambrian  Lewisian Complex rocks on the west with the Permian and / or Triassic rocks 
on the east. The rocks around Stornoway are also cut by north-west trending Tertiary basaltic dykes2. 

A full background Geological report on Stornoway harbour is available at Annex F. 

 

Figure 2 - Overview of the bathymetry in Stornoway Harbour (depths coloured 0 to 40m, red to magenta) 

3. Scope of Works 
The survey aimed to inform the development of a Port Planning programme as part of a long term strategic plan, 
and as such comprehensive coverage of the harbour was required. 

The multibeam survey was conducted to provide 100% coverage of the seabed in the entire area of interest. The 
multibeam bathymetry also provided the basis for accurately forming sub-seabed features so that they could be 
                                                             
1 Ramsay, D.L. and Brampton, A.H. 2000. Scottish Natural Heritage RSM No. 150 ‘Coastal Cells in Scotland: Cells 8 & 9 – 
The Western Isles’. 
2 Barnes, R. 2013. GeoloGIS Report 2013/01 ‘Geological information for Stornoway Harbour’. 
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related to Chart Datum.  As part of the multibeam survey backscatter data was also collected in order to allow the 
determination of seafloor sediment types and geomorphology.  

The sub-bottom profiling survey aimed to determine the depth to bedrock and identify any significant near-
surface geological structures.  

The side-scan sonar survey was restriced to Area 4 and aimed to identify significant sonar targets in the area of 
interest, with a view to identifying any objects of apparent archaeological potential.  

The magnetometer survey aimed to highlight the presence of cables, pipelines, wrecks and other metallic objects 
that may impact on any development. 

4. Geodesy & Datum 
The horizontal datum used throughout the data gathering phase of the survey was OSGB36 (OSTN02TM). Data 
has been rendered in OSGB36 Datum, British National Grid. The vertical datum for all rendered data is Chart 
Datum, which for Stornoway Harbour lies 2.71m below Ordnance Datum. On all of the drawings provided, depths 
below Chart Datum are positive and depths above Chart Datum are negative.   

OSTN02TM defines OSGB36 National Grid in conjunction with the National GPS Network. In this respect 
OSTN02TM can be considered error free (not including any GPS positional errors). The agreement between 
OSTN02TM and the old triangulation network stations (down to 3rd order) is 0.1m rms.  

5. Bathymetric Survey 
The R2Sonic 2022 multibeam sonar system (Figure 3 - R2Sonic 2022 Multibeam system, as used for the 
bathymetric survey) was controlled using R2Sonic Sonic Control 2000 software during the course of data 
gathering. Very detailed data with full seafloor coverage could be gathered over the area of the survey as a result 
of the R2Sonic 2022’s narrow beam width (1.0°) and high ping rate, and the selection of 400kHz as an operating 
frequency. The system was operated at the maximum ping rate achievable throughout the survey, such that the 
ping rate was controlled by the depth of water.  

 

Figure 3 - R2Sonic 2022 Multibeam system, as used for the bathymetric survey 

Sound Velocity (SV) dips were carried out prior to commencing survey operations and thereafter whenever the 
surface sound velocity varied by more than 2ms-1. Throughout most of the harbour there was little freshwater 
input and the waters were well mixed, resulting in little variation over much of the survey area. SV dips were 
carried out using an AML SVP dipping probe and SeaCast software, and the data incorporated into the Hysweep 
Survey software for real-time corrections. 
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Positioning was achieved using a Trimble MS860 RTK GPS system, providing horizontal and vertical positioning 
as well as precise heading. Full motion compensation for use in the multibeam sonar data gathering system was 
provided by way of an OxTS Inertial+motion reference unit mounted directly next to the sonar head, providing 
high quality and frequent motion compensation as required by the multibeam sonar system. The OxTS Inertial+ 
inertial navigation system was used to improve the solution of the GPS receiver. The precision of the RTK 
system allowed the RTK height to be utilised for tidal reduction throughout the survey.  

The sonar and ancillary sensor data was gathered in the Sonar Interface Module (SIM) on the boat, which 
combined sonar data from the head, GPS (GGA and ZDA), 1PPS, motion (TSS1) and array face SV. This data 
was transmitted to the survey laptop running Hypack Hysweep over an Ethernet connection. 

Data was gathered with a planned insonification of 200% in order to allow online and post-survey quality 
assurance checks to be carried out reliably.  

Calibration values for the system were calculated from a patch test conducted on the 19th February 2013 in the 
survey area, and checked regularly throughout the course of the survey to ensure that there had been no 
movement in the sonar system or change in the latency of the GPS system. Details are at Annex C. The 
calibration values were: 

Latency -0.40 
Pitch -1.00 
Roll -0.60 
Yaw 5.50 

 

Data gathering was done in Hypack Hysweep Survey. Hypack was then used to post-process in the MBMax 
software. The stages of Hypack processing are detailed in Annex D. Further processing and quality assurance 
was done using IVS3D Fledermaus software. 

The depths in the survey area ranged between drying heights of around 2m above Chart Datum to depths of 
43m below Chart Datum. The survey system used exceeds the requirements of an IHO Special Order survey in 
all depths experienced during this survey (see Survey Standards section). 

Results of the bathymetric survey are shown in the rendered drawings detailed in Annex A. 
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6. Sub-Bottom Profiling. 
A lightweight Applied Acoustics boomer system was utilised for the geophysical work.  

This system comprises: 

  High Voltage Power Supply CSP-L 100 Joule 
  AA201 Boomer Plate (sound source) towed behind the survey vessel 
  Single element Hydrophone (receiver) towed behind the survey vessel 
  Chesapeake Analogue to Digital converter 
  Chesapeake SonarWiz5 on-line data acquisition software 

 

Figure 4 - Applied Acoustics boomer system utilised for the sub-bottom profiler surveys 

The sub-bottom profiler survey was conducted between the 21st and the 23rd February 2013 and on the 1st 
March. The boomer system was chosen as the sensor for this task in order to allow penetration of the sediments 
and identification of sub-bottom horizons.  

The main sub-bottom profiler lines were run at 10m intervals in areas 1 to 4. Cross lines were run at 10m 
intervals in Area 1, and 100m intervals in the other areas. 

The geophysical data was interpreted in Chesapeake SonarWizMap geophysical survey processing software. 
This allowed full resolution data to be viewed and interpreted with individual horizons digitised as required. 
Further details of the data processing procedures can be seen in Annex D. 

Thicknesses were calculated for all horizons to the seafloor in SonarWiz. These were then landformed (reduced) 
to the seabed levels obtained from the multibeam survey such that all horizons could be reported as a level to 
Chart Datum.   
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7. Side-Scan Sonar Survey 
A Klein 3000, operating at 500kHz, side-scan sonar was used for the side-scan sonar survey, providing very high 
quality sonar images of the seabed.  

This allowed the morphology of the seabed to be fully understood and small objects to be detected. 

 

Figure 5 - Klein 3000 500kHz side-scan sonar system, used for the side-scan sonar survey in Glumaig Harbour, Area 4 

The side-scan sonar files were processed and mosaicked in Chesapeake SonarWiz software. The generated 
mosaics were then inserted into an AutoCAD drawing. In order to aid interpretation and provide context, 
bathymetric contours at 1m intervals have been overlain on the drawings provided. These drawings are listed in 
Annex A.  

The line spacing was 40m, with a range scale of 50m.  

Multiple targets were identified in the survey area, which are highlighted in the results for Area 4, Glumaig 
Harbour. 

Details of the side-scan sonar processing procedures are detailed in Annex D. 
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8. Magnetometer Survey 
The magnetometer survey was carried out with a Geometrics G882 Caesium Vapour magnetometer which can 
measure total field strength to a precision of 0.02nT.  

 

Figure 6 - Geometrics G882 Caesium Vapour magnetometer as used for the magnetometer survey 

 

The magnetometer was towed along multibeam lines. This meant that the line spacing was dictated by the 
multibeam coverage.  

A plot of the background magnetic field strength along with magnetic contacts is rendered as detailed in Annex 
A. 

Details of the data processing procedures used with the magnetometer data are detailed in Annex D. 
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9. Site Specific Area Descriptions 
 
9.1 Inner Harbour Area 
The bathymetric data taken in the context of the onshore topography suggests a number of linear features 
(Figure 7) but no single structure matching the mapped location of the fault between the Lewisian and Permo-
Triassic rocks. Instead a broad zone of NW-trending of structures may be present.  

An elongate area of deep water south west of Goat Island (Eilean na Gobhail) is bounded to the east by a broad, 
arcuate ridge joining the island to the Arnish peninsula, this may be in part bedrock but the overall form suggests 
a glacial moraine, perhaps bifurcating towards the ‘mainland’ to isolate another area of deeper water within 
Glumaig Harbour (Area 4). Possibly late-glacial erosional features subsequently cut drainage channels through 
the ridges. 

 

Figure 7 - Bathymetric map superimposed on the Ordnance Survey 1:25k map with a number of linear features 
interpreted (black pecked lines) and the axes of the longer magnetic anomalies shown as blue pecked lines. 

A pronounced, continuous magnetic anomaly passes axially through the harbour: NNW-trending from the north 
tip of Arnish point towards Goat Island then turning more north-westerly to pass close south west of Goat Island 
towards the small headland south of Lews Castle. This is likely to be the anomaly shown in Annex F Figure 7, 
from the regional aeromagnetic data and probably caused by a significant basaltic dyke within the bedrock. 
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Stevens (1914) describes three dykes at Cuddy Point in the grounds of Lews Castle (Annex F, Fig. 6) and two on 
the west end of Goat Island; none is known at the tip of Arnish Point, although a dyke is mapped in the isthmus 
to the west. However, these may be offshoots from the main part of the body lying at some depth concealed witin 
the Permo-Triassic strata. 

Another dyke is suggested by the shorter NNW-trending anomaly in the middle of Glumaig Harbour and may be 
a continuation of that mapped by Stevens (1914) on the isthmus to Arnish Point. 
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9.2 Area 1 
The bathymetric survey of Area 1 covered a depth range of 2.49m above Chart Datum to 4.33m below Chart 
Datum. This area contained pontoons and moored vessels, and was limited on the east and south sides by 
Cromwell Street Quay and North Beach Quay. In the north-east corner seabed channels characteristic of the 
riverine input can be seen in Figure 8. Evidence of dredging activity can be seen in the deeper areas, with the 
semi-circular scour patterns indicative of this. 

 

Figure 8 - 0.5m gridded soundings showing the extents of Area 1, riverine channels and dredge scouring 

The backscatter data (Figure 9) highlights the scouring patterns seen in the multibeam bathymetry. Areas of low 
backscatter (dark) can be seen along Cromwell Street Quay in the areas around the pontoons. This suggests 
that the reduced water movement that may occur in this region as a result of moored boats may have resulted in 
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the deposition of finer-grained sediments, this is coupled with the difficulties in dredging in these areas resulting 
in more fine sediment remaining.  

The numerous bright, linear features that can be seen along Cromwell Street Quay can be identified as the 
mooring ropes holding the pontoons in place and not as seabed features. The dredge scours are also shown 
clearly in the backscatter data.  

 

Figure 9 - Backscatter data from the multibeam system for Area 1, showing areas of differing sediment type (brighter colour 
corresponds with higher backscatter) 
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9.2.1 Area 1 Geophysical Interpretation 
 
The seismic data in this area appear to indicate that the substrate is mainly rock (Permo-Triassic conglomerate) 
at or near surface, possibly even within the main N-S channel towards the east of the area. The bedrock may 
have a thin drape of modern marine or intertidal silty mud overlying pockets of sediment with inclined 
stratification (perhaps glacial sand and gravel) up to 6-8 m thick (e.g. line 1-0009). Thicker sub-seabed sediment 
sequences with parallel or low angle cross-stratification occur locally, for example filling an elongate hollow 
(traversed by 1-0009, Fig. A2) to the west of a south-trending bedrock promontory.  

 
W     1-0009       E  

Figure 10 - Line 1-0009 crossing a sediment-filled feature. 

A more continuous N-trending sediment-filled feature is seen in the western part of the E-W lines, possibly due to 
erosion along a strand of the fault zone bounding the Lewisian gneiss (although 150-200 m east of the mapped 
trace of the fault). 

A generally smoother seabed in the southern part of the area marks a more continuous cover of sub-seabed 
sediments but still of no great thickness.   
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9.3 Area 2 
Area 2, a basin to the west of Esplanade Quay, contained a large concentration of moorings, which can be seen 
as shallow, round depressions in Figure 11, a rendered image of the bathymetric data. The depth range of this 
area was from 2.46m above Chart Datum to 6.28m below it. Bounded on the west side by a rocky shore and the 
east by the Esplanade quay wall, there are also two prominent areas of rock outcropping in the south-west 
quadrant of Area 2. 

 

Figure 11 - TIN image generated from 0.5m gridded soundings showing the extents of Area 2 

The backscatter data for Area 2 highlights areas of differing sediment types, Figure 12. Darker areas in the 
mosaic represent areas of lower backscatter, suggesting finer sediment than the surrounding areas.  

The rugged areas of rocky outcrops in the bathymetric data appear brighter in the backscatter mosaic as they 
would be harder and therefore give a higher backscatter return. The backscatter data suggests that a coarser 
sediment lies along Esplanade Quay than in the basin itself.  
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Figure 12 - Backscatter data from the multibeam system for Area 2, showing areas of differing sediment type (brighter colour 
corresponds with higher backscatter) 

9.3.1 Area 2 Geophysical Interpretation 
The bathymetric data show a very gently east-shelving seafloor ‘platform’ broken by bedrock outcrops in the 
southern part, passing over a steeper slope into the deeper channel to the east of the area. In the vicinity of the 
outcrops, the surface is offset by E-trending features that appear to be a continuation of features evident on land 
to the west. 

From the boomer data, the bedrock outcrops are the tips of a rugged 10-15 m topography underlying the entire 
platform area of the bay. Sharp knolls are evident separating often narrow, wedge-shaped hollows, including one 
feature continuous across several lines close to the NNE-trending shoreline in the north of the bay. However, 
broader ridges or mounds of seismically opaque material (possibly consisting of marainic or gas filled deposits) 
have a relatively flat or gently undulating top surface (e.g. lines 2-0024 & 2-0022 (Horizon 1 - yellow line in 
images below and depicted in red in the rendered drawings); Fig. 12); this material seems to consistently 
underlie the outer edge of the ‘platform’ area.  
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E     0024       W 

 
E     0022       W 

Figure 13 - Two lines showing the different elements of the sub-seabed structure and composition of Area 2 with 
stratified sediments overlying the rugged rockhead topography and the more enigmatic smoother-topped bodies 
that may be till or morainic deposits or gas within the substrate. 

This mostly sub-seabed topography is buried by a succession of seismically layered and more transparent 
sediments in which the stratification is commonly gently inclined, locally with wedge-shaped thickness variations. 
Similar deposits, with more pronounced west-thickening in the seismically transparent material, is present more 
continuously along the eastern edge of the data underlying part of the slope and the deeper channel. 

A thin parallel layered drape seems to blanket much of the sea bed. 

The rugged topography underlying parts of the platform and locally protruding at the sea bed is likely to be rock 
(Lewisian gneiss); the layered sediments that mostly bury this topography possibly glaciofluvial or glaciomarine 
deposits (if so ranging from sand to gravel); all draped with a blanket of post-glacial sediment possibly analogous 
to the Annie sequence offshore. 

The smoother topped ridges / mounds of Horizon 1 are enigmatic: it is possible that they are bodies of gas, 
trapped by the overlying mud, that blank the internal structure within the sand/gravel deposits. However, the 
apparent detail of the dip and thickening of the layered sediments against these bodies in places is suggestive of 
something more substantial that was present during deposition.  

It is difficult to rule out bedrock but the smoother form lead to an alternative explanation as relict bodies of glacial 
till or moraine deposits sculpted by meltwater prior to inundation and burial by the sand and gravel. If not 
bedrock, the acoustic energy generally fails to penetrate sufficiently to give a clear response from the underlying 
bedrock.  
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9.4 Area 3 
Area 3, Newtown Basin, had a depth range of 2.26m above Chart Datum to 7.39m below it. Similarly to Area 2, 
there were multiple moorings observed, which can be seen as shallow, round depressions in the multibeam 
bathymetric data Figure 14. Many of these moorings are connected to the shore with fixed mooring lines 
preventing a complete survey of the area in particular with the boomer system.  The slipway structure of the boat 
yard located on the south side of this area can clearly be seen in the bathymetric data, and the armour stone 
around the piers can be seen in the north-west section. 

 

Figure 14 - TIN image generated from 0.5m gridded soundings showing the extents of Area 3, Newton Basin 

The backscatter data for Newton Basin shows several areas of different sediment types, and highlights features 
of the basin such as the pier structure and multiple small objects Figure 15. Around the northern edges, high 
backscatter interspersed with shadows highlight the armour stone lying around the bottom of No. 3 Pier. The 
east of the area has much lower backscatter suggesting finer sediment.  

The backscatter data for the deeper portion of the basin shows numerous small objects, likely to be boulders, 
located on the seabed. Figure 16 shows two tyres, located at 142509 932276 and 142508 932283 (58 12 15.06N 
006 20 0.55W and 58 12 15.31N 006 23 0.65W). Throughout the areas, many tyres can be seen.  

A linear feature can be seen in the north east corner of the area, extending NNE/SSW from the edge of the 
survey at 142863 932316 (58 12 17.12N 006 22 39.05W) 28m to 142857 932289 (58 12 16.26N 006 22 
39.31W). This feature corresponds to the outfall in the image at Figure 17 and is also visible in the multibeam 
data.  
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Figure 15 - Backscatter data from the multibeam system for Area 3, Newton Basin, showing areas of differing sediment type 
(brighter colour corresponds with higher backscatter) and linear object (red line highlighted) 

 

Figure 16 - An extract of the backscatter data for Area 3 showing two tyres on the seabed, close to the slipway (seen on the 
bottom left of the image) 
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Figure 17 – Linear object seen in Backscatter and Multibeam data running NNE/SSW 

 

9.4.1 Area 3 Geophysical Interpretation 
A sheltered bay formed by Battery Point and Goat Island is partly man made as the island was formerly separate 
from the mainland. An extensive intertidal wave cut rock platform in the back of the bay Figure 18 is composed of  
Permo-Triassic  rocks (conglomerate) dipping c. 20° W; similar rocks are likely to form Goat Island though 
including basaltic dykes.  The NW tip of the island, with a NW-trending jetty extending across the rock outcrop, is 
linked to the ‘mainland’ by an intertidal ‘beach’ ridge, isolating a pool within the bay at low tide. An isolated rock is 
mapped in the inner part of the bay. 
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Figure 18 – Bathymetric data for Area 3 superimposed on the Ordnance Survey 1:25 k scale topographical map 

The data within the bay end short of the wave cut rock platform but just pick up its edge in the north-eastern part 
of the data. In the inner part of the bay an area of low backscatter and smooth surface with ‘circular’ hollows is 
likely to have a cover of mud. Seaward of this the seabed appears to be characterised by low amplitude sand 
waves. 

The low ‘beach’ ridge is seen as an irregular area of slightly uneven surface texture. It has a relatively steep 
seaward-facing slope (upper slope on Figure 18). The last stages of tidal drainage from the bay appears to 
escape via a shallow channel curving around the north side of the bay and passing through a nick in the ridge, 
outside of which a small alluvial fan is evident. 

West of the ridge the northern part of the seabed in the ‘outer’ bay is relatively gently sloping southwards with 
two or three upstanding areas of uneven topography possibly rock outcrops or dumped armour stone.  Just 
outside the main area of interest in Area 3 during the sub bottom profiling survey the nature of these features has 
not been ascertained.  

The southern part has a scalloped shape and stepped profile, with a relatively steep upper slope, a more gently 
sloping ‘shelf’ then a steeper lower slope.  The shelf has a number of circular or semi-circular features, 10-30 m 
in diameter with radial texture commensurate with the plentiful boat moorings in the bay. 

Rock is again evident at the sea bed on the northern tip of Goat Island in close proximity to a former jetty 
immediately adjacent to the existing structure.  

Seismic lines 3-0008 & 3-0010 just clip the edge of the rock platform in the north of the inner bay, the bedrock 
appearing structureless on the seismic data, Figure 19. Other areas of rock close to surface may also be evident 
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within the inner bay (e.g. line 3-0010), possibly coring the northern part of the ‘beach’ ridge (line 3-0008) and 
underlying much of the gently sloping area of the northern outer bay (lines 3-0011 to 3-0019). 

 

 

Figure 19 – Line 3-0008: bedrock crops out at seabed near the eastern (left) end and lies close to seabed near the 
western end of the data but is otherwise buried beneath a cover (up to c. 3 m thick) of seismically layered deposits 
unconformably overlain by a drape of sea bed sediment. A marked thickening of the layered sedimentary sequence 

is evident at the west end of the section (Mouth of the bay) 

Otherwise, the data show the seabed is mainly composed of a thin drape of seismically laminated marine 
deposits, possibly equivalent to the Annie sequence of post-glacial mud described offshore (Barnes 2013).  

The base of this deposit is an unconformity on the depositional or peneplained surface of deposits within which 
subhorizontal to very gently inclined layering is often evident suggesting westerly prograding clastic deposits, 
possibly glaciofluvial or glaciomarine sand and gravel.  

The base of these deposits is not imaged. If resting on bedrock this is possibly because (as found in boreholes at 
Gob Shildinis, Barnes 2013, p 11) the upper part of the underlying conglomerate may be very weathered to 
decomposed, itself little more than sandy gravel.  

At the seaward end of the data a rapidly seaward-thickening wedge of sediment onlaps onto the western 
rockhead slope, Figure 19. Steeply dipping features evident at depth at the seaward end of the E-W boomer 
lines correlate with the west edge of the outcrops that form Goat Island and the bedrock knolls to the north; 
together with the rapid drop in the level of the rockhead surface seawards west of this line, these may suggest a 
significant feature within the bedrock. 
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9.5 Area 4 
Area 4, Glumaig Harbour, had depths ranging from 2.27m above Chart Datum to 14.55m below Chart Datum. 
Long, linear markings can be seen on the seabed, which are likely to be anchor scour marks. One well defined 
wreck  and 2 largely covered and dispersed wrecks can be seen in the north of the area, Figure 20 and detailed 
as Sonar Contacts. On the east side of Glumaig Harbour, in the vicinity of 142750 930750, an area of higher 
seabed can be seen protruding from the side. This is likely to be dredging spoils which have spread out over 
time, as the pattern shown is characteristic of this. Areas of rock outcropping can be seen around the edges of 
the area. 

 

Figure 20 - TIN image generated from 0.5m gridded soundings showing the extents of Area 4 
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9.5.1 Area 4 Geophysical Interpretation 
The subsurface data from Area 4 suggest a very similar scenario to that in Area 2. A very irregular rockhead 
topography on Lewisian gneiss, locally exposed at the sea bed, is largely buried by seismically laminated, more- 
or less-transparent sediments up to 15 m thick with subhorizontal to gently inclined layering and internal 
thickness variations 21, suggesting prograding glaciofluvial or glaciomarine clastic (sand and gravel) deposits. 

 
NW     4-0034       SE 
Figure 21 - One of a groups of lines across a relatively deep, asymmetrical, erosional bedrock feature, feature filled 

with glacial deposits, the upper part of the sequence showing large-scale cross-bedding in glaciofluvial or 
glaciomarine sediment prograding from the east 

Also as in Area 2, rounded or flat topped bodies of seismically opaque material Figure 22 (Horizon 2 yellow 
digitised line below and blue on the rendered drawing) occur within the layered sedimentary succession; these 
may be bedrock but are more likely to consist of till / moraine or gas as discussed previously.  

 
SW     4-0064 at southern end of data    NE 

 
SE     4-0010       NW  

Figure 22 - Undulating bedrock surface with rounded to flat topped body of till/moraine buried by ‘dished’  ? 
glaciomarine or glaciofluvial sediments, possibly sand and gravel, that show slight ponding against the steep 

flanks of the bedrock and till features 
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9.5.2 Area 4 Magnetometer 
The magnetometer data for Area 4 shows several anomalies. The large anomaly in the south-east corner of the 
survey Figure 23 is likely to be as a result of the proximity of the pier and dock wall. Other small anomalies may 
be attributed to wrecks and other debris related to Glumaig Harbour’s proximity to a fabrication yard. 

 

Figure 23 - TIN image of Area 4 generated from 2m sorted data showing background magnetic field strength, with anomalies in 
blue (negative) and red (positive) 

 
9.5.3 Area 4 Wrecks 
Several possible wreck sites were apparent in Glumaig Harbour, detailed below. The wreck at 142544 931127 
(58 11 38.10N 006 22 53.83W) may be the Marjory, a wooden motor fishing vessel cited to have been lost in 
19483.  There is no discernable magnetic signature over this contact. It is possible that the wreck at 142785 
931116 (58 11 38.26N 006 22 39.10W) is the Andalina4.   Again there is no discernable magnetic signature of 
the wreck. 

Although the information relating to the identity of the wrecks is old, and there is a suggestion that wreck removal 
has taken place since the records were updated the position of these 2 wrecks compared to their listed position 
lends confidence.  
                                                             
3 http://canmore.rcahms.gov.uk/en/site/102846/details/marjory+arnish+point+stornoway+lewis+north+minch/ 
4 http://canmore.rcahms.gov.uk/en/site/102826/details/andalina+seid+rocks+cala+ghlumaig+lewis+north+minch/ 

http://canmore.rcahms.gov.uk/en/site/102846/details/marjory+arnish+point+stornoway+lewis+north+minch/
http://canmore.rcahms.gov.uk/en/site/102826/details/andalina+seid+rocks+cala+ghlumaig+lewis+north+minch/
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Table 1 - Information relating to the wrecks and significant sonar contacts in Area 4, Glumaig Harbour. 

A5006_SSS_13 
Position (E/N)  Position 

(WGS84)  
Dimensions 
(Length x 
Breadth x Height 
above seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142818  
931048 

58 11 36.14N  
006 22 36.81W 

19.9 x 5.6 x 1.7m 5-8m 2.98m Largely intact 
wreck in 
shallow water. 
Significant 
Magnetic 
Signature.  
Frames visible 
on Sidescan 
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A5006_SSS_11 
Position (E/N)  Position 

(WGS84)  
Dimensions 
(Length x 
Breadth x Height 
above seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142785  
931116 

58 11 38.26N 
006 22 39.10 W 

35.5 x 10.7 x 1.6m 8-9m 5.49m Suspected 
remains of the 
known wreck 
Andalina.  Last 
divers report 
detailed a 
boiler as the 
last remains.  
This may be 
the visible 
object in the 
images below. 
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A5006_SSS_19 
Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142544  
931127 

58 11 38.10N 
006 22 
53.83W 

18.1 x 6.3 x 1.2m 13-14m 11.53m Suspected remains 
of the known wreck 
Marjory.  A wooden 
fishing vessel.  Last 
divers report 
detailed the wreck 
as very broken up at 
the stern with 
rudder still standing.  
This may be the 
visible to the bottom 
right of the image 
below with some 
further raised debris 
to the north west. 
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A5006_SSS_12 
Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least Depth 
(Chart 
Datum) 

Remarks 

142638  
930761 

58 11 25.10N 
006 22 
50.56W 

40.2 x 8.3 x 0.5m 8-10m 8.06m Area of Debris 
extending  20m 
south from 
suspected 
mooring block 
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9.5.4 Area 4 Significant Sidescan Sonar Targets 
Multiple side-scan sonar targets were detected in area 4, which is likely to be as a result of the proximity of the 
fabrication yard and the use of the bay in oil rig construction in the past. These lesser targets are detailed in 
Table 2.   

Table 2 - Side-scan sonar target information for Area 4, Glumaig Harbour 

Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_1 142455.9747 
930737.4051 

58.18998408N 
-6.383783365W 

4.13 x 3.07 x 1.44m Spherical seabed object, 
medium size 

 
Contact_4 142702.2127 

931019.7624 
58.19265626 
-6.379919542 

2.35 x 2.71 x 0.60m Object protruding from 
seabed, medium size 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_5 142641.7578 
930985.5027 
 

58.1923142 
-6.380906951 
 

6.25 x 2.27 x 0.42m Object protruding from 
seabed, medium size 

 
Contact_6 142700.5724 

931005.9204 
 

58.19253135 
-6.379932076 
 

2.89 x 1.08 x 1.51m Object protruding seabed, 
medium size 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_7 142516.0448 
931021.93 
 

58.19256707 
-6.383079123 
 

4.45 x 3.29 x 0.63m Medium sized object 

 
Contact_8 142548.8441 

930792.3708 
 

58.19053049 
-6.382269256 
 

3.53 x 2.84 x 1.90m Object protruding from 
seabed, medium size 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_9 142656.7771 
931075.2364 
 

58.19312655 
-6.380751341 
 

2.53 x 1.17 x 1.18m Object protruding from 
seabed, small in size 

 
Contact_10 142645.0343 

931076.898 
 

58.19313458 
-6.380952324 
 

4.05 x 1.14 x 0.62m 
 

Object protruding from 
seabed, small in size 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_11 142768.876 
931113.2904 
 

58.1935327 
-6.378892252 
 

6.07 x 3.73 x 1.26m Area of suspected debris with 
possible wreck prow 

 
Contact_12 142638.7785 

930761.328 
 

58.19030496 
-6.380709879 
 

2.19 x 1.36 x 0.71m Box-shaped object in debris 
field, medium size 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

Contact_15 142513.5845 
931077.8499 
 

58.19306641 
-6.383182637 
 

4.71 x 3.54 x 1.96m Rock outcrop or boulder 
protruding from seabed, large 
in size 

 
Contact_16 142673.1181 

930602.4573 
 

58.1889023 
-6.379952128 
 

7.75 x 0.50 x 0.30m Large linear object, possibly a 
pipe, with pier cross brace 
shown 

 
Contact_18 142496.3577 

930723.9815 
 

58.18988744 
-6.383083737 
 

14.95 x 7.61 x 0.86m Large protruding object, 
probably outcropping rock 
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Target ID Easting 
Northing  

Latitude 
Longitude  

Dimensions (Length x 
Breadth x Height 
above seabed) 

Description 

 
 



 

Page 38 
A5006 Report 
Rev 01 

Mosaicked as a whole, the side-scan sonar survey of area 4 shows the dredged box in the centre of the harbour 
clearly, and highlights outcroppings of rock around the edges. The long, linear scour marks which can be seen in 
the bathymetry are also shown well Figure 24. 

 

Figure 24 - Mosaicked side-scan sonar data for Area 4, Glumaig Harbour 

 

The backscatter data collected in Area 4 suggests varying sediment types through the harbour Figure 25. On the 
western side at the inlet near Arnish Sheds there is a patch of high backscatter, suggesting a harder substrate in 
this patch than in the surrounding area. Fanning out from the inlet there is another patch with a higher 
backscatter than the surrounding area, which supports the idea drawn from the multibeam bathymetry that it is a 
patch of dredging spoils that has spread out over time.  
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The edges of the dredged box in the centre of Glumaig Harbour show up as bright lines on the backscatter data 
as a result of their steep sloping sides. The backscatter around the edges of the harbour is generally higher than 
in the centre, with numerous patches of rock outcropping seen and again steeply sloping edges. This data ties in 
well with the side-scan sonar survey. 

 

Figure 25 - Backscatter data from the multibeam system for Area 4, Glumaig, showing areas of differing sediment type (brighter 
colour corresponds with higher backscatter) 
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9.6 Area 5 Inner Section 
The inner section of Area 5, including all the previously described areas, had a depth range of 2.62m above 
Chart Datum to 16.90m below Chart Datum.  

 

Figure 26 - TIN image generated from 1m gridded soundings showing the extents of Area 5 Inner 

The magnetometer survey shows a linear magnetic anomaly running approximately north-south, shown in blue in 
Figure 27. An anomaly of a similar strength can be seen in the northern section of the survey. This could be a 
continuation of the previously described anomaly but is also very likely to have been influenced by the proximity 
of the dock wall and other structures that may have affected the background magnetic field strength.  

The orientation of the linear anomaly ties in with the underlying geological structure in the area, with banding 
within the Lewisian gneiss and Tertiary basaltic dykes also lying in this direction5. 

                                                             
5 Barnes, R. GeoloGIS Report 2013/01 ‘Geological information for Stornoway Harbour’. 
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Two dipole magnetic anomalies can be seen on the west side of the harbour, shown in Figure 27 by the patches 
of red adjacent to blue. In conjunction with the bathymetric data and backscatter data, it can be stated that these 
are two known and charted wrecks. The westernmost wreck is thought to be the steel steamship Alabama 6, and 
the wreck to the east is thought to be the coal hulk Portugal7. Details on these wrecks can be seen in Table 4.  

To the west of Arnish Point, another magnetic anomaly was detected that can be attributed to an object on the 
seabed. This has been included in Wreck Report A5006_SSS_13 as it represents that detected wreck, the shape 
and size being similar to that of the boiler of a steamship, several of which are reported to have been wrecked in 
the area.  

 

Figure 27 - TIN image  generated from 2m sorted data showing background magnetic field strength with anomalies in blue 
(negative) and red (positive), showing the extents of the magnetometer survey 

  

                                                             
6 http://canmore.rcahms.gov.uk/en/site/102827/details/alabama+seid+rocks+stornoway+lewis+north+minch/ 
7 http://canmore.rcahms.gov.uk/en/site/102828/details/portugal+arnish+point+stornoway+lewis+north+minch/ 

http://canmore.rcahms.gov.uk/en/site/102827/details/alabama+seid+rocks+stornoway+lewis+north+minch/
http://canmore.rcahms.gov.uk/en/site/102828/details/portugal+arnish+point+stornoway+lewis+north+minch/
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Table 3 - Information related to wrecks and seafloor objects apparent in the inner part of Area 5 

Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142369  
931549 

58 11 51.38N 
006 23 6.22W 

112.5 x 15.2 x 5.0 13-14m 3.25m Thought to be the 
wreck of the 
Alabama.  Very 
broken but still a 
substantial wreck 
with significant 
height. 
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Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142712  
931566 

58 11 52.63N 
006 22 
45.32W 

71.5 x 12.7 x 
0.5m 

8-9m 7.46m A very dispersed 
wreck debris field 
thought to be 
related to the known 
wreck Portugal 
(Charted) 
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Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

143494 
931080 

58 11 38.59N 
006 21 
55.64W 

4.4 x 3.9 x 3.1m 14-15m 10.64m This magnetic 
contact correlates 
with this block 
feature detected on 
the seafloor East of 
Arnish Point.  There 
is a charted Foul 
close north of this 
location.  The block 
could possibly be 
associated with the 
ruined tower on 
Arnish Point. 
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The backscatter data in Area 5 outwith the 4 sub-areas already described was split into sections by day for 
processing and presentation, with sections from this shown below. In Mol Sandwick, a central area of reduced 
backscatter was seen to be present, suggesting that the sediment around the edges of the bay is coarser and 
harder Figure 28. A number of small objects can be seen in the area of higher backscatter, which are likely to be 
boulders or moorings / fish keeps.  

 

Figure 28 - Backscatter data from the multibeam system for Mol Sandwick, within Area 5 Inner, showing areas of differing 
sediment type (brighter colour corresponds with higher backscatter) 
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Backscatter data from along the western side of the harbour shows the shipwreck at 142369 931549 (59 11 
51.38N 006 23 6.22W) clearly within a large patch of sediment with reduced backscatter. This suggests that the 
shipwreck rests within an area of finer sediment. Channels can be seen along the north-west edge of the area, 
showing as areas of higher backscatter. 

  

Figure 29 - Backscatter data from the multibeam system for 22nd February (western side of harbour from end of No. 1 Pier in the 
north to the entrance of Glumaig Harbour in the south) within Area 5 Inside, showing areas of differing sediment type (brighter 

colour corresponds with higher backscatter) 
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The central portion of the harbour shows a largely uniform sediment type across much of the southern part of the 
area Figure 30. A patch of what appears to be finer sediment can be seen in the north-west corner. Running 
along a line orientated north-west south-east through the site of the wreck at 142712 931566 (58 11 52.63N 006 
22 45.32W) there is a patch of ripples which measure around 2.5m in wavelength from peak to peak, indicating a 
mobile substrate.   

 

Figure 30 - Backscatter data from the multibeam system for 25th February (centre of the harbour from Goat Island in the north 
down to Glumaig Harbour in the south) within Area 5 Inside, showing areas of differing sediment type (brighter colour 

corresponds with higher backscatter) 
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The area running along the western side of the harbour from Goat Island down to Arnish Point shows several 
patches of finer sediment interspersed throughout the area. A patch of possible outcropping rock can be seen 
just north of 143500 931250 in Figure 31, with a large area of sediment finer than the surroundings to the south 
of this. Another area of finer sediment can be seen at the entrance to Mol Sandwick. 

 

 

Figure 31 - Backscatter data from the multibeam system for 26th February (eastern side of the harbour from Goat Island in the 
north to Arnish Point in the south) within Area 5 Inside, showing areas of differing sediment type (brighter colour corresponds 

with higher backscatter) 
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9.7 Area 5 Outer Section 
The depths in the outer section of Area 5 extended from 2.20m above Chart Datum to 45.78m below Chart 
Datum, the greatest depths experienced in the survey. In the deepest areas to the south of the survey, several 
pock marks can be seen on the seabed, measuring up to 30m across. These may be as a result of escaping gas 
from under the seabed. The geological report of the surrounding area states that gas blanking was seen in 
seismic data outside Stornoway Harbour8, supporting the idea that gas could be escaping in this part of the 
survey area.  Alternatively, this could be evidence of historical wartime activity. 

 

Figure 32 - TIN image generated from 1m gridded data showing the extents of Area 5 Outer 

  

                                                             
8 Barnes, R. 2013. GeoloGIS Report 2013/01 ‘Geological information for Stornoway Harbour’. 
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Two wrecks were identified in the outer part of Area 5, the details of which can be seen in Table 5.   

Table 4 - Information relating to wrecks in the outer part of Area 5  

Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

142871 
930027 

58 11 3.33N 
006 22 29.51 
W 

25.5 x 5.3 x 1.8m 16-17m 13.54m Medium sized barge 
like structure with 
significant height 
above the seabed. 
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Position 
(E/N)  

Position 
(WGS84)  

Dimensions 
(Length x 
Breadth x 
Height above 
seabed) 

Surrounding 
Depth (Chart 
Datum) 

Least 
Depth 
(Chart 
Datum) 

Remarks 

144620 
929950 

58 11 4.53N 
006 20 
42.38W 

30.0 x 6.5 x 2.3m 26-27m 22.91m Medium sized intact 
wreck.  Well 
decomposed. 
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The backscatter data for the outer part of Area 5 was processed in two parts. The north-east section Figure 33 
shows an area of lower backscatter located within an inlet, which appears as a dark patch, probably representing 
a patch of finer sediment.  

Also in this small inlet, ripples in the sand can be seen with a wavelength of approximately 0.5m, showing that in 
this area the substrate is mobile. Around the northern edges of this area rocky outcropping can be seen.  
Extending down from 145250 930500 an outfall can be seen, with the armour stone protecting it visible. In the 
west of the area, corresponding with the centre of the channel into the inner harbour, a fan shaped indentation 
can be seen, which is also apparent in the bathymetric data.  

 

Figure 33 - Backscatter data from the multibeam system for the north-east part of the outer part of Area 5, showing areas of 
differing sediment type (brighter colour corresponds with higher backscatter) 
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The southern section of the outer part of Area 5 shows a linear area of higher backscatter in the centre, which 
corresponds with a raised ridge seen in the bathymetry Figure 34. This is likely to be outcropping rock. Closer to 
the shore, on the western and northern edges, areas of lower backscatter can be seen, which are likely to 
correspond with coarser sediment fringed by outcropping rock. Within these areas patches of low backscatter 
can be seen which are likely to be finer sediments. Numerous scours can also be seen. 

 

Figure 34 - Backscatter data from the multibeam system for the southern section of the outer part of Area 5, showing areas of 
differing sediment type (brighter colour corresponds with higher backscatter) 
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10. Survey Vessel 
The 8.4m fibreglass catamaran Remote Sensor was used to carry out all aspects of this survey. Remote Sensor 
is road towable and can be either slipway-launched or craned into the water. Remote Sensor is certified Cat III by 
the Maritime and Coastguard Agency for work up to 20nm offshore, carrying up to 6 persons.  

 

Figure 35 - Survey vessel Remote Sensor with multibeam sonar and towed sensors deployed  

Remote Sensor has a central moon pool to allow the multibeam sonar to be easily deployed and recovered. In 
addition the vessel has a large aft deck and a stern roller, which allows other survey sensors to be both stored 
and deployed. 

The vessel was launched in Stornoway Harbour from the slipway in the grounds of Lews Castle at the start of the 
survey, and kept moored in the harbour for the duration of survey works. This allowed equipment to be kept 
mobilised on to the vessel so that survey works could be started promptly and efficiently each day regardless of 
tidal state. In addition it resulted in minimal transit times to different parts of the survey area. At the end of the 
survey operations the vessel was recovered from the same slipway.  
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11. Survey Standards 
The Hydrographic survey is considered complete to International Hydrographic Organisation Special Order 
standard, with a Full Sea Floor Search being achieved as per IHO publication S44, Table 1. A representation of 
the section of interest within that document is shown in Table 6: 

Table 5 - Taken from IHO publication S44, Table 1, showing requirements of a Special Order Survey 

Order Examples of 
Typical Areas 

Horizontal 
Accuracy 
(95% 
Confidence 
Level) 

Depth 
Accuracy for 
Reduced 
Depths (95% 
Confidence 
Level) 

100% Bottom 
Search 

System 
Detection 
Capability 

Maximum 
Line Spacing 

Special Harbours, 
berthing area 
and 
associated 
critical 
channels with 
minimum 
under keel 
clearances 

2m a = 0.25m 
b = 0.0075  

Compulsory Cubic 
features > 
1m 

Not 
applicable as 
100% search 
compulsory 

 

The error limits for depth accuracy are calculated by introducing the values listed in (X) for a and b into the 
formula  ±√[a2+(b*d)2], where: 

 a  constant depth error, i.e. the sum of all constant errors 

 b*d depth dependent error, i.e. the sum of all depth dependent errors 

 b factor of depth dependent error 

 d depth9 

The line spacing used for side-scan sonar, magnetometer and sub-bottom profiler surveys are considered well 
suited to achieve a full understanding of the environment. The multibeam system and associated backscatter 
was shown on numerous instances to be capable of detecting objects far smaller than the 1m cubic features 
specified for a Special Order survey. 

12. Personnel 
The following personnel were involved during the survey: 

NAME POSITION 
C.D. Thomson Party Chief (Hydrographic) 
G.T. Campbell Hydrographic Surveyor 
G.J. Campbell Quality Control 
B. Connell Survey Assistant 
E.J. Stacey Graduate Hydrographic Surveyor 

                                                             
9 IHO 2005. Publication M-13 ‘Manual on Hydrography’. Chapter 1, Pages 9-10. 
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Images of 
Sub Bottom 
Profiling 
lines 
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GeoloGIS 
Background 
Geological 
Report 

GeoloGIS_report2013-01_Issue1.pdf 
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Annex B 
Horizontal and Vertical Positioning System Precision 

A5006 

Horizontal and Vertical Positioning System Precision 

Topographic Measurement 
 
Trimble R7 Geodetic grade GPS Receivers 
 
 HORIZONTAL ACCURACY VERTICAL ACCURACY 

STATIC POINT POSITIONING ±5mm + 0.5ppm RMS ±5mm + 1ppm RMS 

 
Dynamic Positioning Precision 
 
TRIMBLE MS860 Geodetic grade GPS Receiver and Heading system, utilising RTK corrections. 
 

 HORIZONTAL ACCURACY VERTICAL ACCURACY 

REAL TIME KINEMATIC ±10mm + 1ppm RMS ±20mm + 1ppm RMS 

 

All horizontal positions in the survey are referred to OSGB and have used the OSTN 02 model to transform 
WGS84 positions obtained from GPS observations. 
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Annex C 
A5006 

Data Processing Procedures 

Multibeam Processing Stages 

Sonar Control 2000 software was used to control the MBES system during the data gathering phase. 
 

Data was logged in HYPACK HYSWEEP software. 
 

After data gathering the data was post processed in HYPACK MBMax where the following stages of processing 
were undertaken: 

 
• Navigation data was processed. 
• Motion Sensor data was examined and edited as required. 
• Tidal data was examined and edited as required  
• Automatic filtering of the data was carried out. 
• Individual lines of MBES sounding data were manually edited. 
• Processed files were loaded into Fledermaus visualisation and editing software and fully quality assured 

before being unloaded back to Hypack. 
• The data was gridded at an appropriate post spacing for the scale of plot requested by the client. This 

was exported to AutoCAD for presentation. 
• The data was contoured at 0.5m intervals in Hypack and exported to AutoCAD. 

 

Side-Scan Sonar Processing Stages  

The side-scan data was processed in Chesapeake SonarWiz5 software where the following procedures 
were undertaken: 
 

• Import of all side-scan xtf and sdf files into Chesapeake SonarWiz Software 
• Lines were replayed to assess the bottom tracking, gain and time variable gain settings and these were 

adjusted as necessary to ensure optimal representation of the sonar record. 
• All lines were examined for any significant sonar contacts. 
• Any detected sonar contacts were sized, heighted and checked to see that they had been adequately 

depicted in the bathymetric survey. No contacts were detected by sidescan that were not adequately 
depicted in the multibeam survey. 

• A sonar mosaic was prepared to show the seabed type over the entire survey area. 
• A Sidescan Sonar Mosaic of the entire area was carried out. This was prepared in Chesapeake 

sonarWiz and AutoCAD and rendered in AutoCAD dwg format.  
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Magnetometer Processing Stages 

The magnetometer data was recorded in Hypack. The Hypack Single Beam Editor was used for processing, with 
the following procedures undertaken: 

• Import of all HSX files into Single Beam Editor software 
• Lines replayed and data spikes examined and edited as necessary to ensure optimal representation of 

the magnetometer record 
• Lines examined for any significant magnetic anomalies 
• Data exported in xyz format 
• 3D rendering and magnetic field strength contours generated and plotted in AutoCAD dwg format 

Sub-bottom Profiler Processing Stages 

The sub-bottom profiler data was collected and processed using Chesapeake SonarWiz Software.  

• SEG-Y data was imported into the software 
• Frequency filtering, gain and time-variable gain settings were adjusted to ensure that the best possible 

picture of the sub-bottom data was available to the user 
• Each individual horizon was digitised 
• An xyz of the thickeness between the seabed and each horizon was prepared and exported to 

McCarthy Taylor System LSS 3D modelling software 
• LSS was used to prepare isopach xyz and to export isopach dxf of the sediment thickness 
• A drawing file was prepared in AutoCAD to show the sediment thickness detected during the survey 
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Annex D 
A5006 

Multibeam Echosounder Calibration 

Patch tests are tests which are performed after initial equipment installation, and periodically thereafter as well as 
if sensors are modified, to quantify any residual biases from the initial system alignment. 

During this calibration series, four separate tests must be performed to determine residual alignment biases for: 

§ Roll offset 
§ Position Time Delay (Latency) 
§ Pitch Offset 
§ Yaw (Heading) Offset 

 

ROLL 

 

 

PITCH 

 

§ Sonar and Motion Reference Unit (MRU) 
alignment relative to vertical. 

§ Can cause large depth and position errors at 
outer beams. 

§ Sonar and MRU alignment relative to 
vertical. 

§ Can cause depth and position errors across 
the swath. 

 

 
LATENCY 

 

YAW (HEADING) 

 
§ The delay between position and fix 

transmission. 
§ Will cause positional errors. 
§ Error is independent of multibeam system. 

§ Sonar and MRU alignment relative to vertical 
§ Can cause depth and position errors across 

the swath. 

 

Calibration 
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Patch Testing was performed on 19th February 2013 and periodically thereafter. There were areas of steep 
slopes in addition to flat seabed, allowing a very effective calibration to be carried out on the entire system.  

Latency -0.40 
Pitch -1.00 
Roll -0.60 
Yaw 5.50 

 

These values, obtained at the start of the survey, remained valid throughout the duration of survey operations. 
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Standard Disclaimer 
 

1. All client-supplied data is taken on trust as being accurate and correct, and the sub contractor cannot be 
held responsible for the quality and accuracy of that data set.  

 

2. Geophysical interpretation of bathymetry and sonar is based on an informed opinion of the supplied data, 
and is subject to inherent errors out with the control of the interpretational hydrographer or geophysicist, 
which include but are not limited to GPS positioning errors, navigation busts, data quality, assumed speed 
velocity sediment profiles in the absence of Geotechnical data, sub bottom profile pulse width, and induced 
scaling errors therein associated with seismic signature. Seabed geomorphology and sub-seabed geology 
should be further investigated by visual or intrusive methods. 

 

3. The limits of this survey are defined by the data set; out with the survey limits are not covered at any level by 
the sub contractor. 

 
4. The data is accurate at the time of data acquisition, the sub contractor cannot be held responsible for 

environmental changes, and the client by accepting this report accepts that the environment of the seabed is 
subject to continuous change, that items of debris, hard contacts etc. may move, appear, be relocated or 
removed, thickness of surficial sediment change out with the knowledge of the sub contractor and they will 
not be held responsible for such actions at any level. 
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Geological Report  
 




















































