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Q1: At short notice, your company has decided to charter a third -party survey vessel already equipped with an ATLAS Hydrosweep MD2/30 multibeam sonar. This system consists of two Mills crosses mounted at +/- 40 degrees from the vertical, installed on two separate blisters located on either side of the hull. The system operates at 30 kHz and is normally used to look at the seafloor in depth ranges from ~ 100m to a few thousand.

Whilst the system appears to function adequately (it pings and receives whilst producing some sort of believable across-track profile), the previous owners have left no record of prior calibrations and there is no opportunity to dry-dock the vessel to physically measure the installation angles. Other than approximate mounting angles you have no guarantee of alignment. 

The vessel is expected to have a several day transit to the operational site and the depth ranges that will be seen on the transit go from 20m to several thousand. You are allowed a 24 hour period during that transit to perform any necessary calibrations on the sonar.

Explain how you would proceed to perform the patch test, outlining the steps in detail and describing any specific complications that might be encountered with this particular system.

Q2: For the following types of swath sonar hardware, explain the differences in the way any error in surface sound velocity affects the accuracy of sonar-relative beamformed angles. 

1. A single flat-mounted Mills Cross.


2. Dual  Mills Crosses mounted respectively +/-45 degrees.


3. A barrel array in which all beams are formed using only orthogonal subsets or the array
(e.g. a RESON Seabat 8101 or 8111).


4. A barrel array in which the desired angular sector extends beyond that achievable using a arc-normal subset of the array (e.g. a Simrad EM1000 or EM1002).

Assume that all of these sonars might be used to acquire data in a vertically referenced angular sector from +/- 75 degrees. 

Q3: A cable company requests that a fibre optic cable be ploughed into the seabed on the continental slope. The depths range from 200m to 1500m over a corridor that extends 100km in length (this is actually a subset of the whole cable route which goes from the coast, across the shelf, through this depth range and into the deep sea).

To ensure the safe operation of the plough you are tasked with identifying and surveying a 1000m wide corridor that guarantees:

· Any potential hazards within 500m of the intended corridor be located to 20m horizontally in an absolute coordinate frame.


· 100% bathymetric coverage within the corridor at an absolute vertical accuracy of 2.3% of water depth, but also with an ability to resolve local relative relief variations of  2m over a length scale of 20m.


· no natural short wavelength targets larger than 1m high boulders (i.e. +ve features)  or 2m deep pockmarks (i.e. negative relief features).


· Surficial sediments soft enough to plough into (i.e. ~muds or fine sands, avoiding by rerouting any thing that looks vaguely like coarse sand, gravel or rock).


 Provide at least 2 scenarios for acoustic instrumentation  (including platforms on which they would be installed) that you would consider to meet the positioning, bathymetry, target resolution and sediment-typing requirements. Contrast the relative advantages and disadvantages of your two scenarios. 

Q4: Whilst conducting a multibeam sonar survey in an inner continental shelf area (20-100m depth), the client representative becomes concerned about fine scale ribbing that is visible in the preliminary DTM products being provided. The ribbing is apparent as small ridges that are always oriented orthogonal to the local ship’s track. Typical lengths scales from rib to rib are 25 to 75m (the vessel is moving at ~ 10 knots).

As the problems only manifest themselves at  ~+/-1-2% of water depth,  it is clearly not a gross error (e.g.: no motion applied, motion applied backwards etc…). The patch test conducted appears satisfactory (no systematic biases have been noticed in the data). 

You are tasked with fixing the problem. Explain:

· What typical problems might be the cause (as a guide you should at least know 5 mechanisms)

· How each of these problems manifest themselves in the data.

· How each problem can be distinguished from the others.

· What you would do to fix the problem.

Q5:  One of the most demanding requirements of IHO “Special Order” survey standards is the ability to detect “1m cubes”. The traditional method of detection has been through the use of conventional towed sidescan sonars. Such systems are not always able to meet this detection criteria at speeds above ~ 5 knots.

In order to get past this speed limitation, “focussed multibeam” sidescans have been developed which are now routinely being use at speeds up to 12 knots. The manufacturers claim that they can achieve 100% coverage with sufficient resolution even at these higher speeds. 

Explain:

· What factors control the target resolution of a conventional sidescan sonar
   (go into as much detail here as you can , this is half  the marks of the question) 


· How does the “dynamic focussing” that these new systems use work (why do they need it?).

· What are these multiple beams that they are claiming.

· How they are they able to cover more ground along track even though they apparently ping at the same rate as conventional systems.

(just so there is no confusion, I am NOT asking you about the usual multibeam sonars that produce bathymetry).

Q6: You are tasked with developing a survey plan for an area at the confluence of a river mouth and a partially enclosed bay on a  meso-tidal coastline (i.e. enough tides to advect watermasses around but not enough to totally homogenise the watermass). 

The area to survey includes :

1. An artificial channel (dredged to maintain at least 20m of water) into a busy port facility which is partly restricted in access to commerical vessels (i.e. barely enough clearance for the largest vessels using it at low water datum).


2. A natural channel, normally about 5m deep that extends up into the river in which extensive sand dunes and bars are known to exist and migrate. Coastal fishing vessels and private yachts use this channel quite frequently.


3. An expansive outer bay area with depths from 30 to 100m, that is used for dumping and commercial fishing


4. Extensive areas of coastal marsh, intertidal mudflats and shoal depths (always less than 5m), that is rarely entered by shipping.

The waters are very rich in suspended sediments and thus optical survey methods are not an option. 

Given the differing user demands on the 4 different areas, describe what survey instrumentation(s)  you think would be most appropriate for use in each area . Be careful to describe accuracies,  required feature resolution, coverage (whether complete or incomplete and what sort), datums and required repeat survey interval. Explain where compromises in cost/performance will have to be made.
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