Questions surrounding results from Sydney tsunami scenario
A number of questions were asked regarding the simulation runs from the Sydney tsunami scenario. 

· What causes the seemingly decreasing water depth for long time behaviour (especially for offshore gauges)?
· Is this an issue of mesh resolution, especially the discretisation over the coastal areas which creates an artificial flux?
· Investigate increasingly finer resolution

· Investigate volume conservation

· Is this an effect of the initial condition?

· Investigate behaviour with no initial condition
· Is there a very slow convergence which is not evident in the simulation duration?
· Investigate solution for longer time
· Is the slump contained in the domain?
· Why is there increased inundation depth for increased friction coefficient, especially near the coast?

· Protection put in place

2Investigate convergence for increasingly finer mesh:


8Investigate volume conservation:


10Investigate behaviour with no initial condition:


17Investigate solution for longer time:


23Slump Initial Condition:


31Friction protection:




Investigate convergence for increasingly finer mesh:

Finer mesh resolution for Sydney tsunami scenario

Refined mesh region from first report and included two areas to apply a finer mesh – see below (notice the gap between the north and south regions which creates incorrect results in that region – need to be careful when showing the visualisations for the finer resolution)
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Figure 1: Computational mesh used for second scenario with refined mesh regions; coarse 100000m2 and fine 5000m2. Two finer mesh regions over the harbour and Manly region have been included (1000 m2).
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Figure 2: Detail of increased resolution over harbour and Manly regions.

Testing convergence (friction = 0.03)
	Resolution (m2)
	Accuracy (m)
	Max depth Gauge 10 (onshore Manly)
	Max depth Gauge 

	5000 (orig mesh, friction = 0)
	100
	.90
	

	5000 (orig mesh friction = 0.03)
	100
	0.88
	

	5000 (new mesh)
	100
	0.63
	

	1000
	45
	0.50
	

	750
	38
	0.45
	

	500
	31
	0.43
	

	315
	25
	0.45
	


Graph shows maximum depth at gauge 10 (onshore Manly) with data points shown in red with an exponential fit (which is what you’d hope for). The resolution of 315 m2 corresponds to the underlying data.
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Using original mesh
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Use nest of points around onshore Manly gauge and average (5 and 10 km north and south and east and west of gauge point – extra 24 points)

	Resolution (m2)
	Accuracy (m)
	Max depth Gauge 10 (onshore Manly)
	Average maximum depth around Gauge 10

	5000 (orig mesh, friction = 0)
	100
	.90
	0.91

	5000 (orig mesh friction = 0.03)
	100
	0.88
	0.88

	5000 (new mesh)
	100
	0.63
	0.62

	1000
	45
	0.50
	0.50

	750
	38
	0.45
	0.45

	500
	31
	0.43
	0.43

	315
	25
	0.45
	0.45


Gauge 0 is located at Circular Quay. Notice how the initial condition varies as the resolution is increased:
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Figure 3: Resolution 5000 m2
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Figure 4: 1000 m2
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Figure 5: 750 m2
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Figure 6: 500 m2
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Figure 7: 315 m2
Investigate volume conservation:

No initial condition, refined interior mesh with 315m2 resolution in two interior regions:
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Refined interior mesh with 200m2 resolution in two interior regions
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Slump initial condition:
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Investigate behaviour with no initial condition:
Friction 0.03 (see series of maps), refined mesh with 5000, 315, 250 and 200 m2 interior resolution. Inundation extent decreases in regions with finest resolution (two boxes over the harbour and Manly) as well as the inundation depth (although not significantly). 

At the gauge 10km from the harbour mouth as well as at the Quay, small perturbations in the water depth are seen.
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However, significant depth is found at the onshore gauge on Manly, which decreases as the resolution is refined. 
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Figure 8: Onshore Manly gauge, 5000 m2
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Figure 9: Onshore Manly, 315 m2
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Figure 10: Onshore Manly, 250 m2
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Figure 11: Onshore Manly, 200 m2
Likewise for Benfield gauge, B17.

[image: image19.png]elevation [m]

4.5

4.4

4.3

4.2

4.1

4.0

3.9

3.8

3.7

3.8.

Gauge_0: (333804.4, 6253146.3) Location: B17 (stage)

STage
N Bed =37
0 02 04 06 08 10 12 14 16 _18
x1ed

time [s]




Figure 12: 5000 m2
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Figure 13: 315 m2
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Figure 14: 250 m2
This behaviour (reduction in water depth) however is not seen for all gauges, for example, gauge located 10km from the harbour mouth.
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Figure 15: 315 m2
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Figure 16: 250 m2

It may seem that this oscillatory type behaviour occurs predominantly for offshore gauges. This could described by thinking about how long a bucket of water takes to settle down to a flat surface and the increased time for the increased depth of water.

Investigate solution for longer time:

Original mesh (25000 m2 for interior region and 1000000 m2 for remainder of domain), friction = 0.03, duration 20 hours (5 hours originally). The following series of time series at the nominated gauges illustrate how there is an long oscillatory approach to the steady state value for the water depth. Note, a very coarse mesh was used for this example.
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Selection of Benfield gauges:
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Slump Initial Condition:
Does the slump occur completely within the domain? Would this explain why the water levels in the deep water do no approach standard water height at long time? The following diagram shows the double Gaussian water displacement from the slump for the Sydney scenario. Notice that some of the positive hump is not contained in the domain.
[image: image35.jpg]pyVolution SWW Viewer t=0.00
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Is the fact that some of the water displacement occurs outside of the domain explain why water seems to drain from the system? The following graph show the time history of volume when the slump is applied at 5 secs into the simulation and at original location.
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Initiate the slump initiated further into the domain at t = 0:
[image: image38.emf]Volume - move slump - initiate at t = 0
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Initiate the slump t = 5 secs further into the domain (5km west of original position):
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Initiate the slump t = 5 secs further into the domain (15km west of original position):

[image: image41.png]pyVolution SWW Viewer t=8.00




[image: image42.emf]volume - initiate 15km west of orig pos at t = 5
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Got to be a bit careful here as the slump initial condition is not a perfect double Gaussian function and the volume for water above 0 is less than that below (don’t know how to check that though, as yet ….)

Change kappad = 1 (default was 0.8 …)
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You can see how the shape has changed

[image: image44.png]pyVolution SWW Viewer t=7.00




kappad = 1.2

[image: image45.emf]kappa = 1.2
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kappa = 1.1
[image: image46.emf]kappa = 1.1
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kappa = 1.05
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kappa = 1.025
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[image: image49.emf]Vary kappad
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What is the integral of the slump function? And when does it equal 0? Can we find a value for kappad for when the integral = 0?
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It turns out that for hh = 0, either y = y0 (which isn’t particularly physically interesting) or 

kappad = erf ( (x-x0)/sqrt(lam) ) / erf ( (x-dx-x0)/sqrt(lam) ) 

where erf(x) = 2/sqrt(pi) int(0,x) exp(-t^2) 

The numerator is greater than the denominator for dx > 0 and thus kappad > 1. When dx = 0, kappad = 1. It would also be possible to find a similar relationship for the width of the Gaussian function, lambda, if we allow a different lambda for each Gaussian. In this way,

sqrt(lam2/lam1) kappad = erf ( (x-x0)/sqrt(lam1) ) / erf ( (x-dx-x0)/sqrt(lam2) ) 
Test 1: initiate 10km west after 30 sec, alter domain so slump contained entirely, kappad = 0.8, and with reflective boundary conditions, long time (10 hours)
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Test 2: initiate 10km west after 30 sec, alter domain so slump contained entirely, kappad = 1, and with reflective boundary conditions, long time (10 hours) or Dirichlet?

Friction protection: 
Friction 0.03, slump initial condition, original mesh (5000 m2 for interior regions and 100000 for the remainder of the domain).
Second set (not comparing apples with apples)

Before protection example uses the original mesh (i.e. 5000 m2 for interior regions and 5 hour simulation time). After protection example uses 250m2 in refined regions with around 3 hour simulation time. There should be a difference in the gauge readings due to the different mesh arrangements. The first set of readings are in the Manly region and the second set of readings are in the Circular Quay surrounds.
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