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(NOTE all questions carry equal marks)

Q1:  Survey Design
As the regime change in Iraq takes place, there will be a need for new hydrographic surveys in the approaches to the Iraqi port of Umm Qasr at the mouth of the Euphrates River (once it is cleared of mines).  Since the last major surveys, Iraq has undertaken to drain the southern marshes immediately  upstream of the port. These marshes previously acted as a sink for river-borne sediment. The draining process is expected to significantly increase the rate of sedimentation and change the hydrodynamic regime of the northern Arabian Gulf estuary (Al-Ghadban et al., 1998).

Describe  two different suites of survey instruments and methods that would allow one to deliver surveys for:

1. critical shipping channels from the open Gulf into the mouth of the Euphrates. These are corridors ~ 1000m wide with depths in the range ~ 5 to 10m, which will require the equivalent of IHO Special Order surveys ( full bottom coverage with vertical accuracies of ~ 25cm +0.75%z, 1m dimension object detection ). 

2. regional environmental monitoring surveys looking at changing sedimentation patterns in the shallow water in the approaches outside the main shipping channels (a region ~ 100km long and 20km wide, depths from chart datum to 7m). This will require both :

· a bathymetric model  (IHO Order 1 but without the small target detection requirement) with a spatial resolution of at least 10m.

· a map of relative seabed backscatter strength  for the whole region

For each survey suite, justify the choice of instrument over alternates.

Q2:  Environmental Controls on Survey
 As a follow on to the survey requirements listed in the previous question. Explain the impact of the following environmental observations on the timing and/or conduct of your survey:

· that 90% of the rainfall in the Tigris-Euphrates watershed takes place between November and April. 

· The predominant winds are the Southeasterly Sharqi from April to early June and again  from late September through November and the Northwesterly Shamal: From mid-June to mid-September.

· The maximum tidal range in the area is 3.5 to 4.0 m.

· The mean temperatures are 37 C for July and August and 14C for January.

· Salinities vary typically from 38 to 42 ppt in the Gulf but range from 120ppt in the sabkhas (dessicated salt-pans) to brackish (<10ppt) during maximum river discharge. 

In order to try to predict future changes in the bathymetry in this region, suggest other oceanographic, hydraulic or sedimentological measurements that a hydrographic survey organization might be able to deliver.

Q3:  Sidescan Resolution

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).

Q4:  Orientation

Describe the right handed coordinate system most commonly used in marine and avionics (including axes conventions and rotation directions) . Describe the Tate –Bryant rotation sequence.

Explain how, angular errors in roll, pitch and yaw limit one’s ability to achieve a given vertical and horizontal accuracy for oblique bottom detection solutions (draw the geometry and explain what dimensions you’d use).

In order to calculate the resultant acoustic vector for an individual steered beam, formed using a conventional Mill Cross configuration,  list and justify the 14 different angles you would need to know. 

Q5:  Acoustic Positioning Strategies
Your company bids on a job to place engineering structures on the seabed. The survey will require the use of towed instruments, ROV’s and AUV’s. Your boss is aware that he can’t use GPS to navigate these but he doesn’t understand the relative advantages and disadvantages of USBL,  SBL and LBL.

Explain clearly the concept behind each of the three acoustic positioning methods in turn. For each method, explain what other sensors are required to make a measurement in first relative and then absolute coordinates (explain the difference between relative and absolute). 

Compare and contrast the relative advantages and disadvantage of the three methods, giving examples where one system would clearly be favourable. 

.

Q6:  Sonar Performance:

Draw a typical performance envelope (depth v. swath width) of a multibeam sonar  as it is driven from a shallow depth, well inside its attenuation limit, down to depths close to extinction. 

List and explain clearly, the principal factors will control the shape and size of this envelope. Distinguish those factors that can be optimized by proper sonar design, and those that are external environmental variables.
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