Survey of Kinder Scout (II)

12 April 2010 & 19 July 2010
The Team:

12 April:  John Barnard, Jim Bloomer, Graham Jackson, Myrddyn Phillips
19 July: Jim Bloomer, Graham Jackson

1) Introduction

Kinder Scout (Section 36, OS 1:50000 Map 110, Grid Ref. SK084875) was surveyed by us on 28 June 2009 in order to find the highest point of the plateau.  On this occasion we did not measure the height of Kinder Scout.  The col is situated many kilometres away near Barnoldswick just South West of Skipton and the calculated drop is 501m.  This makes the hill a marginal P500 (a hill with 500m of drop).  One complicating factor is the Leeds and Liverpool Canal which runs over or very close to the col. It would not be surprising to find a road, railway or canal passing over a col in a cutting. This is not the case here. The canal sits within an embankment raised up above the natural ground by as much as 4m.

The purpose of this survey was to confirm the location of the man made and natural cols, measure their height and then measure the height of Kinder Scout in order to calculate an accurate value for drop.

2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 

Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to a maximum of 12 satellites and receive two signals (at different frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from atmospheric degradation of the satellite signal.  As a stand alone instrument it is capable of giving position and height to an accuracy of about one to two metres respectively.  Note that a hand-held GPS receiver can only receive up to 12 satellites and each at a single frequency and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  Despite the on-board features of the 530 GPS receiver, there are still sources that create residual errors.  To obtain accurate positions and heights, corrections were made to the GPS data via imported RINEX data from the Ordnance Survey which was post-processed using Leica Geo Office 7 software.

The Leica NA730 level is routinely checked to make sure that the line of sight is correct when the instrument is set up horizontally – there is a standard surveying method to do this described in the users’ manual for these instruments. We also regularly check the functioning of the Leica 530 GPS against Statistical Quality Control charts generated for two marked positions. In addition, we check the instrument periodically by taking measurements on an Ordnance Survey Fundamental Bench Mark, processing the data and comparing it with the OS derived values. Height should agree within about 2-3 cm.

Checks relevant to this survey were carried out on 02 February 2010, 06 May 2010 and 22 July 2010 at the Daresbury Fundamental Bench Mark and the results in the table below show good agreement between the OS and our data.

	Processing
	Date
	Easting

	Northing
	Height(m)

	OS Data
	
	357737.377
	382363.621
	73.24

	JB/GVJ Geo Office 7
	02 Feb
	357737.368
	382363.599
	73.24

	JB/GVJ Geo Office 7
	06 May
	357737.369
	382363.614
	73.23

	JB/GVJ Geo Office 7
	22 July
	357737.376
	382363.622
	73.23


Conditions for the surveys, both of which took place between 11.00hr and 16.00hr, were fair on each of the days. The weather was warm, about 12 degrees Celsius on 12 April and 20 degrees Celsius on 19 July and the wind was light.

3) The Survey

3.1) Character of Hill 

This was described in the first report.
3.2) Character of Col

The location of the col, identified by Jim Bloomer on a previous visit, was found to be within a small area just North East of the Rolls Royce works, the latter being at SD893483.  This area includes the canal which therefore could be built over the col itself.  Should the man-made ground comprising the canal be identified by the survey to be the col, then this location had also been found on this previous visit.  The ground comprising the natural col was grassland and it was unclear from visual inspection whether this was situated on the North or South side of the canal.  

3.3) Summary of Survey Method

First, the absolute height of the man-made col, which was easily located just on the North bank of the canal, was measured with the Leica 530GPS.  Next the ground on the North side of the canal was investigated to determine whether this was rising or falling towards the North West.  Once this had been established the survey switched to the South side of the canal and the level and staff were once again used to establish the topography of the land here also.  This gave two locations, one on the North side and one on the South side of the canal that were potential positions for the natural col.  At this stage it was impossible to determine with the level and staff which position was the higher as the canal obstructed vision and the banks were too steep to allow a line survey.  Consequently, the Leica 530GPS was set up at each location (in the case of the North side this was a few metres away to prevent the canal bank interfering with satellite reception) and absolute height measured.  The instrument was set up with tripod support to hold it firmly over the point to be measured. The AT502 antenna was mounted on a 2.000 metre pole for all measurements. Data at each point were collected for 30 minutes with an epoch time of 5 seconds.

For the summit the AT502 antenna also was mounted on a 2.000 metre pole and data were collected for 60 minutes with an epoch time of 30 seconds.  For the second highest point and the trig point data were collected for 30 minutes and in the case of the trig point the antenna pole was tied to the trig point with rope and supported on stones so that it was level with the flush bracket.

3.4) The Col

3.4.1 The Man-made Col

As described above the location of the man-made col had been determined by Jim Bloomer on a previous visit.

The ten-figure Grid References for the col were:-

Garmin Map60CSx 

SD 89479 48617

Accuracy 3m
Height = 143m

Garmin Venture

SD 89479 48616

Accuracy 4m
Height = 142m

Garmin Etrex 


SD 89480 48617

Accuracy 5m
Height = 141m
Magellan Explorist 100
SD 89478 48616

Accuracy 6m
Height = 138m

The Leica 530 was set up at this position and height data recorded and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	389478.013
	0.001
	448615.292
	0.002
	139.643
	0.007


3.4.2 The North Bank Col

On the North side of the canal surveying with the level and staff showed the ground to fall gently away from the base of the embankment by 1m in 65 m of distance.  The lowest point in this area by the embankment was situated near an outfall from the canal and we are confident this was identified to within +/-0.05m of height.

The ten-figure Grid References for the col were:-

Garmin Map60CSx 

SD 89452 48608

Accuracy 5m
Height = 137m

Garmin Venture

SD 89450 48607

Accuracy 4m
Height = 139m

Garmin Etrex 


SD 89452 48608

Accuracy 4m
Height = 136m
Magellan Explorist 100
SD 89449 48606

Accuracy 7m
Height = 136m

This location was directly by the steep canal embankment which obscured satellites in the lower section of the southern sky and therefore the Leica530 was set up a few metres away where the view of the sky was clear.  The height difference between the two positions was measured with the automatic level and staff.

Height reading for GPS position = 0.90m

Height position for col position = 1.03m

Therefore the GPS position is 1.03 – 0.90 = 0.13m higher than the position of the col and this value must be subtracted from the absolute height measurement of the Leica530.

The position and height data that were recorded by the Leica 530 and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	389424.524
	0.0010
	448608.124
	0.002
	135.569
	0.006


Therefore the height measurement for the North bank col is 135.57 – 0.13 = 135.44m

3.4.3 The South Bank Col

On the South side of the canal the survey with the automatic level and staff surprisingly showed the ground to be very flat for at least 100m to the South East.  Two lines on different bearings were surveyed one giving a drop of zero centimetres over 65m of distance and the other 18cm over 80m of distance.  Two further points 200m away were also found to be less than 20cm lower than the ground by the base of the South embankment of the canal.  This suggests that the canal was built on the northern edge of the col.  

The ten-figure Grid References for the chosen South col position were:-

Garmin Map60CSx 

SD 89459 48549

Accuracy 4m
Height = 139m

Garmin Venture

SD 89459 48549

Accuracy 5m
Height = 140m

Garmin Etrex 


SD 89458 48550

Accuracy 5m
Height = 136m
Magellan Explorist 100
SD 89456 48556

Accuracy 6m
Height = 132m
Note that the flatness of the terrain means these values are meaningful to only six figures.

Once again the Leica530 was set up a short distance from the canal embankment to give a clear view of the sky; this position was only 1cm different in height.  

The position and height data for the col that were recorded by the Leica 530 and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	389458.394
	0.001
	448546.079
	0.002
	134.998
	0.009


3.5) Summit of Kinder Scout

The summit position was determined and reported in Survey of Kinder Scout (I).  For this work we returned to this location and set up the Leica 530 on this position.
The position and height data for the summit recorded by the Leica 530 and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	408484.06
	0.001
	387557.04
	0.002
	636.26
	0.013


We also returned to the second highest point on Kinder Scout (point 4 in Survey 1) and set up the Leica 530 on this summit.

The position and height data for the summit recorded by the Leica 530 and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	408177.49
	0.001
	387392.45
	0.002
	635.96
	0.013


Lastly, we visited the trig point and recorded height data for the flush bracket.
The position and height data recorded by the Leica 530 and post-processed with Leica Geo Office 7 using imported OS RINEX data were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	407903.92
	0.002
	387059.304
	0.003
	635.36
	0.015


Reference to the OS trig point database revealed that there is no more precise value given for the height of the Kinder Low trig point than that given on maps (633m).
4) Measurement Uncertainty

The uncertainty in height associated with the correct location of the man-made and natural cols and the summit positions is estimated to be +/-0.05m and the uncertainty in height measurement by the Leica 530 for both col and summit is +/-0.08m.  This gives an uncertainty of +/-0.1m in the individual col and summit measurements and an overall uncertainty estimate for the drop measurement of +/-0.15m, be this for the man-made or natural col.  The uncertainty measurement for the natural col assumes the value for the South col is used. 

5) Comparison of Measurements from Survey I and Survey II
The summit height of 636.3m agrees with the map height of 636m, although that for the trig point is surprisingly different by 2m.  The Ordnance Survey trig point database does not give a value for the orthometric height of the trig point, but it does give values for position.  This is unusual and it is therefore not clear where the value of 633m seen on both the 1:50k and 1:25k maps comes from.  In our first survey we estimated that the second highest point on Kinder Scout was 0.30m lower than the summit and the GPS results in this report also give a value of 0.30m for the height difference.  We also estimated in our first survey that the summit was at the same height as the top of the trig point and we measured the flush bracket to be 0.85m below the summit of the trig point.  The GPS measurements in this report yield a value of 0.90m for the height difference between the flush bracket and the summit.  If one considers that these measurements in our first survey were estimates (the distances involved were too great to be able to take staff readings between the points and time constraints prevented a line survey) then the agreement is indeed excellent.  
6) Discussion of Results

There are potentially three values of drop that may be calculated.

1. Man-made col at top of canal embankment :  636.26 – 139.64 = 496.62m

2. Natural col to South of canal : 636.26 – 135.00 = 501.26m

3. Natural col to North of canal : 636.26 – 135.44 = 500.82m

First let us explore whether it is possible to determine the height of the natural col.  The height value obtained from the North side is 0.4m higher than that on the South side.  In view of the extensive flat area to the South of the canal we may be inclined to deduce that this represents the true height of the natural col and that the slightly higher value obtained on the North side is the result of construction activity.  However, this is impossible to substantiate. A profile of the col constructed from the measurements made with the automatic level and staff is shown in figure 1.  Note that the vertical scale is much exaggerated with respect to the horizontal scale.  From this diagram it seems unlikely that any profile would have ground beneath the embankment that is sufficiently high (>1.3m above the ground to the South of the canal) to reduce the drop below 500m.  However, it must also be asked where the earth came from to construct the canal embankment.  If this earth came from the immediate surroundings, as seems likely, then neither the North nor South bank ground can be considered natural.  The contour of the col would have been changed by the removal of earth. 

In view of the considerable uncertainty about both the position and height of the natural col, and indeed whether the current profile represents the original natural col, we are left with the only option of adopting the man-made ground by the top of the embankment as the current col.  

[image: image1.emf]Figure 1: Profile of col
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The drop measurement is 496.6+/-0.15m and therefore Kinder Scout does not achieve the 500m required to give it P500 status. 

7) Summary and Conclusions

The summit of Kinder Scout is at grid reference * SK 08485 87563 (from Survey of Kinder Scout I) and is a grassy platform on a peaty knoll.  Its height is 636.3+/-0.1m.

The col of Kinder Scout is at grid reference * SD 89479 48617.  Its height is 139.6+/-0.1m.

The drop from the summit to the col is 496.6+/-0.15m and therefore Kinder Scout fails to qualify as a P500 hill.


* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.

John Barnard and Graham Jackson, 21 November 2010
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