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(NOTE all questions carry equal marks)

Q1:  Sonar Design
Describe and explain the influence of frequency on the following aspects of any sonar system:

· Range resolution

· Angular resolution

· Nearfield condition

· Attenuation

· Subbottom penetration

Supposing you wanted to guarantee a fixed sidescan spatial resolution on the seabed  (in across and along-track dimensions) irrespective of slant range (i.e. from nadir to the far range), how would you go about doing this?

Q2:  Coastal Survey Design
As part of Florida's Beach and Inlet Management Program  there is a state-wide mandate to “protect and restore the state's beaches through a comprehensive beach management planning program”. 

As part of this, sand is routinely dredged from offshore to nourish the barrier island beaches on which large hotel complexes rely.  At the same time, tidal inlets that cut through the barrier island systems have to be maintained by dredging (the material being then dumped back offshore) to ensure navigational access to the ports and the intra-coastal waterway.

You are tasked with designing an ongoing repetitive bathymetric survey that meets two needs in the same area:

1. Examine the fate of sand pumped onto the barrier island beaches in front of expensive real-estate to identify areas of net erosion and deposition. The area includes ~ 100km stretch of the coast from the high tide mark to the 10m contour to be resurveyed every 6 months. 


2. Monitor the critical depth and presence of navigation hazards within artificially stabilized and dredged channels (surveys required  from 5-15m) that cut through the barrier islands draining inland swamp area.  Typically each inlet is only ~ 500m wide, but is a site of active tidal currents and there is significant suspended sediment as a result.

The requirement for the first includes the recognition of regional depth changes of ~30cm. As these changes are expected to reflect regional beach morphology, however, they should be detectable over long wavelengths (> 50m). All elevations should be tied to a terrestrial coordinate system.

For the second, IHO special order requirements must be met (100% bathymetric coverage, 0.75%+25cm vertical accuracy and 1m object detection). All elevations in this case should be tied to a low-water datum.

For each suggest an optimum suite of instruments to meet the bathymetric mapping requirements.  If you feel different instruments are necessary, explain why one set of tools better meet the objective than the other. 

Q3:  Controls on Principal Tidal Frequencies
Explain the reason that we have:

· Two tides a day (in most places), but not exactly. 

· That one of those two tides is often higher than the other (an asymmetry).

· Why that asymmetry isn’t always the same for a given place.

· The tides get bigger and smaller twice in ~ 28 days

(feel free to draw pictures….)

If you wanted to install a tide gauge at the lowest water level in a month, what time(s) of day (local time) are you most likely to find that special tide and why.?

Q4:  Active Motion Compensation.
What advantages are there in actively stabilizing the swath of a multibeam sonar system?

Explain in detail how you would use electronic beam steering to :

· compensate for roll

· compensate for pitch

· compensate for heading

Explain methods, limitations and required sonar hardware that are necessary for each of these.

Q5:  Engineering Survey Design
The W.A.C. Bennett Hydro-Electric Dam lies in the Rocky Mountains on the headwaters of the Peace River.  It is an earth-fill dam that has been the subject of some concern. On the exposed top of the dam, sinkhole structures have been identified (~0.5m deep, ~2m wide) that indicate accelerated flow of water through the interior of the dam. BC Hydro are interested in knowing whether such sinkholes exist on the submerged face of the dam. 

The dam is 2000m wide and reaches a depth of ~150m at its base. The upstream face of the dam has slopes between 15 and 20 degrees. The survey requirement would be to:

1. detect whether any sinkholes are present on the dam face from the surface to the maximum depth. 


2. monitor  through repetitive surveys, whether these sinkholes are changing in dimension (deepening or expanding).

.

Describe a suite of instruments (both positioning and imaging) and a suitable platform that you feel would meet these survey requirements.  For each component instrument type (specific manufacturer and model numbers are not necessary), justify your reasons for choosing that system. Discuss any logistical issues that you think might complicate the deployment of these instruments.

Q6:  Mutibeam Backscatter Imaging:

Describe three methods commonly used to collect backscatter intensity data from a multibeam sonar system. List the pros and cons of each method and discuss.

 Contrast the advantages and disadvantages of collecting seafloor imagery with a multibeam versus a traditional sidescan.
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