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Introduction

On September 21st 2002, Aker Stord toppled a 2300-ton leg construction from an oil platform. The aim of this study is to investigate weather the seismic noise in the area close to the platform leg is affected by the leg and to record the seismic signal from the toppling.

The work has been split into four experiments. 

The first experiment was a recording of the seismic noise along a 100 m line starting approx. 300 m from the platform leg before it was toppled.

The second experiment was a recording of the toppling of the platform leg. Five sensors were distributed in an area within 2 km from the platform leg.

The third experiment was a recording of the noise along a 100 m line very close to the platform leg. The closest sensor was placed less than 1 m from the edge of the construction. This recording was made after the toppling.

Experiment nr. 4 was a recording of the seismic noise after the toppling along the same 100 m line as in experiment nr. 1. 

The noise studies are made by comparing the noise spectra along a line before and after the toppling. Also changes in the noise spectrum along a line may indicate effects from the platform leg. It was not possible to make a 100 m line close to the platform leg before the toppling since the area was closed for safety reasons.

The platform leg was toppled in a deposit area for old platforms and other metallic material. A map of this area is included in appendix A. The platform leg was 52 m high and 51 m wide. Two such platform legs were placed very close to each other but only one of them was toppled. The other platform leg will be toppled later on. A picture of the platform leg that was left standing (it is very similar to the toppled one) is shown in figure 1.
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Figure 1: The two platform legs after toppling. The standing platform leg is similar to the toppled one, which is seen in the front.

Experimental set-up

For all experiments, the sensors were pointed towards magnetic north with an estimated uncertainty of (3(. This uncertainty is caused by the relatively low readout accuracy of the compass, by the sensors being magnetic and by the large amount of magnetic material in the area. No big effort was made to place the sensors on a horizontal plane, since this was at some places not possible. This may cause some uncertainties. 

In the following, a detailed description of the four experiments will be given.

Experiment nr. 1

The aim of this experiment was to measure the seismic noise along a 100 m line before the platform leg was toppled. Instruments were placed for every 25 m along the line.

The positions of the five sensors are given in table 1:

	Sensor
	Latitude
	Longitude

	N11
	59(45,273 N
	5(29,266 E

	N10
	59(45,261 N
	5(29,242 E

	N06
	59(45,251 N
	5(29,227 E

	N04
	59(45,243 N
	5(29,213 E

	N02
	59(45,236 N
	5(29,197 E


Table 1: Positions of sensors during experiment nr. 1.

Sensor N11 was placed closest to the platform leg, approx. 300 m away.

A map of the sensors and the platform leg is shown in appendix 2 and a picture of the 100 m line is shown in figure 2.
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Figure 2: Picture of 100 m line used in experiment nr. 1.

The ground material along the line was gravel with grass at some places. What is underneath this layer is not known.

The experiment was started at 5:45 GMT and the instruments were running for 30 minutes. During these 30 minutes there was quite a lot of activity near sensor N11. A log was made over these activities. Unfortunately, sensor nr. 4 had not been set up correctly, so there are no data from this sensor. An example of the recordings from experiment nr. 1 is given in figure 3.
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Figure 3: Example of data from experiment nr. 1

Experiment nr. 2

The aim of experiment nr. 2 was to measure the seismic signal from the toppling of the platform leg. For this purpose, five sensors were placed within an area of 2 km from the platform leg. The positions of the sensors are given in table 2.

	Sensor
	Latitude
	Longitude

	N04
	59(45,667 N
	5(28,317 E

	N06
	59(45,933 N
	5(30,100 E

	N08
	59(45,200 N
	5(29,267 E

	N10
	59(46,133 N
	5(29,633 E

	N11
	59(45,000 N
	5(27,850 E


Table 2: Positions of sensors during experiment nr. 2.

A map of the sensors and the platform leg is shown in appendix 2.

The base material under the sensors differs quite a lot for the five sensors. The area around the platform area was dominated by human activities with many houses and roads. Therefore, it was at some places difficult to find an appropriate place for the sensor. An effort was made to place the sensors as far away from roads as possible, to place it on base rock and to place the sensor on a horizontal plane.

Sensor N04 was placed on the slope of a rocky hill. Because of the slope, it was difficult to place the sensor horizontally and to cover it properly to protect from rain and wind. This should, though, not have a large effect on data since the location was well protected from the wind by trees etc. and it was not raining during the measurements. 

Sensor N06 was placed on top of a small hill of uncovered base rock. The plane was a bit off horizontal, but besides from that, it was a good location.

Sensor N08 was placed close to the platform leg, within the deposit area. The base material was loose rocks and metal on top of clay and gravel.

Sensor N10 was placed on a bunker, which gave good contact to the base rock while sensor N11 was placed on base rock inside a forest.

Pictures of the set-up for the five instruments are shown in appendix 3.

The platform leg was held standing by two supporting legs fixed by big blocks of concrete, which were removed by explosions. The toppling is seen clearly on all five sensors. A plot of the raw data is shown in figure 4. On sensor N08, a spike is seen approx. 5 sec. before the signal from the toppling. This may be the explosion. The activity before the toppling seen on sensor N11 is probably noise.
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Figure 4: Data from the toppling of the platform leg

Experiment nr. 3

The aim of experiment nr. 3 was to record the seismic noise along a 100 m line very close to the platform leg after the toppling. As in experiment nr. 1, five sensors were placed along the line, one for every 25 m.

The positions of the sensors are given in table 3, sensor N11 is closest to the platform leg.

	Sensor
	Latitude
	Longitude

	N11
	59(45,381 N
	5(29,465 E

	N10
	59(45,387 N
	5(29,446 E

	N06
	59(45,397 N
	5(29,430 E

	N04
	59(45,406 N
	5(29,412 E

	N02
	59(45,415 N
	5(29,396 E


Table 3: Positions of the sensors during experiment nr. 3.

A map of the sensors and the platform leg is shown in appendix 2 and a picture of the line with the platform leg in the background is seen in figure 5.
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Figure 5: 100 m line in experiment nr. 3. The toppled platform leg is seen in the background.

As seen in figure 5, the base material here is clay and gravel with small pieces of rock and metal. 

The measurements lasted 30 min and there was very little activity in the area during this period of time. Again, there were problems with sensor N04, which did not record anything. An example of data is shown in figure 6.
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Figure 6: Example of data from experiment nr. 3

Experiment nr. 4

This experiment was a repeated measurement along the 100 m line used in experiment nr. 1 after the toppling of the platform leg. The purpose is to see weather the noise spectrum is affected by the platform leg, which will be indicated if the noise spectrum from this experiment differs from the spectrum of experiment nr. 1.

Caused by the problems with sensor N04, an additional sensor was added to the line. This sensor, N05, was placed next to sensor N04. The positions of the sensors are given in table 4 and a map of the sensors and the platform leg is shown in appendix 2.

	Sensor
	Latitude
	Longitude

	N11
	59(45,273 N
	5(29,266 E

	N10
	59(45,261 N
	5(29,242 E

	N06
	59(45,251 N
	5(29,227 E

	N05
	59(59,242 N
	5(29,211 E

	N04
	59(45,243 N
	5(29,213 E

	N02
	59(45,236 N
	5(29,197 E


Table 4: Positions of the sensors along 100 m line in experiment nr. 4.

Again, 30 minutes of data were recorded along the line and during this time, the area was much more quiet than during experiment nr. 1. An example of data is shown in figure 7.

Results

For the three 100 m lines, H/V spectra were plotted using the program spec in SEISAN. The resultant plots are shown in appendix 4.

A look through data tells that the noise spectrum changes along the 100 m lines, but these changes may be due to other effects than the platform leg. A comparison between line nr. 1 and line nr. 4 shows that the noise spectra are very similar, which indicates that the construction has no effect on data. An example of this for sensor N06 is shown in figure 8.

Line nr. 3 is recorded much closer to the platform leg than lines nr. 1 and 4. Therefore, it is expected that data from this line are more affected by the construction. A brief look at data reveals that data close to the platform leg are much more spiky than data further away from the platform leg. Since we heard the sound of cracking metal, this is probably due to stress within the platform leg as a reaction to the toppling. Sensor N02 was standing very close to a large pile of metal, which has probably had more effect on data from this sensor than the platform leg. It would be ideal to have a measurement along line nr. 3 before the toppling, but this was not possible since the area was closed.

The main conclusion of this study is therefore, that the platform leg does not have a visible effect on data. This is due to the large amount of metal and other kinds of rubbish in the area. As a result of this conclusion, it is decided not to measure the toppling of the platform leg still standing.
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Figure 7: Example of data from experiment nr. 4
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Figure 8: H/V spectra for sensor N06, experiments nr. 1 and 4.
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