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1) Introduction

Baystones (Section 34C, OS 1:50000 Map 90, Grid Ref. NY403051) is a Marilyn situated just North East of Ambleside and South of Caudale Moor.  The drop to the col which is situated about 1.5km to the North of the summit has been measured from maps to be150m and consequently the hill just qualifies for Marilyn status. 

The purpose of this survey was to locate the position of the summit and the col, measure their absolute heights and thereby determine a value for the drop. 
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out using a Leica NA730 level and staff. 
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 Version 6 software.
Conditions for the survey, which took place between 10.30hr and 15.30hr, were very good. The weather was warm, about 14 degrees Celsius and the wind was very light <10mph.
3) The Survey
3.1) Character of Hill 

Baystones lies on the long ridge that drops South from Caudale Moor to Ambleside.  Just above Ambleside lies Wansfell Pike, the end of this ridge, and Baystones is situated a further 2km North towards Caudale Moor.  The ridge in this section is undulating, and a wall follows its length to Baystones and beyond nearly to the col. The wooded slopes of the narrow valley enclosing Stock Ghyll hide Baystones from the village, but a good view of the hill is gained from the A592 as it passes close to the col en-route from Ambleside to Ullswater.  The summit area comprises several knolls, one with a cairn which is considered to be the highest point (Marilyn and Wainwright) although a knoll about 130m North could be as high (the Birkett).
4) Summary of Survey Method
4.1) Description of the survey
To determine the summit position, the Leica NA730 level was set up near the cairn and candidate high points identified using the staff set on the feature of interest.  During this exercise the level and staff were also used to survey the knoll 130m North and finally the level was focussed on Wansfell Pike 2km to the South.  
The line of the col appeared to run roughly in a North - South line and in order to pinpoint its exact position we set out a line of white flags about 10m apart and perpendicular to the line of the col, but over it, starting at point NY 40648 06547 and finishing at NY 40577 06530. Once in place we then set out several other lines of flags parallel to the first line and about 10m distant, the final row starting at NY 40642 06600 and finishing at NY 40571 06586. Each line was surveyed with the automatic level and staff to find the highest point and that was marked with a yellow flag. The line of yellow flags thus represented the line of the col and where there were discontinuities in this line, further interpolated lines were surveyed to provide greater detail.  Finally the line of yellow flags was surveyed to find the lowest point which was then marked as the exact position of the col. A further circle of flags about 5m distant from this point was also surveyed and this confirmed that the col had been correctly identified.  
The absolute heights of the summit and the col were measured with the Leica 530GPS. 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 2m pole for all measurements. Data at each point were collected for 45 minutes with an epoch time of 5 seconds.
4.2) The Summit of Baystones
This was found to be the top of a small rocky outcrop just 3m West of the cairn. The summit 130m North was found to be 0.827m lower.  Using walkers on its summit as markers, we were able to estimate that Wansfell Pike is at least 4m lower than Baystones.
The ten-figure Grid References for the summit were:-

Garmin Map60CSx 

NY 40315 05142

Accuracy 2m
Height = 495m

Garmin Venture

NY 40314 05142

Accuracy 5m
Height = 493m

Garmin Etrex 


NY 40314 05142

Accuracy 6m
Height = 491m
Magellan Explorist 100
NY 40313 05142

Accuracy 5m
Height = 493m

The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	340312.910
	0.012
	505143.647
	0.008
	486.883
	0.007


4.3) Position of the Col of Baystones
The exact position of the col was identified, although this is not represented by any specific feature.  A 3D plot, derived from the survey of the grid of flags, is shown in Figure 1.  

The ten-figure Grid References for the col are:-
Garmin Map60CSx 

NY 40616 06556

Accuracy 2m
Height = 346m

Garmin Venture

NY 40617 06558

Accuracy 5m
Height = 342m

Garmin Etrex 


NY 40616 06558

Accuracy 6m
Height = 345m
Magellan Explorist 100
NY 40617 06559

Accuracy 6m
Height = 345m

The position and height data for the col recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	340614.425
	0.001
	506556.628
	0.002
	339.194
	0.005


5) Discussion of Results
The largest error was associated with the correct location of the col which gives an uncertainty of +/-0.10m in its height.  We also estimate that the summit height was measured to better than +/0.04m. Therefore the overall error in drop measurement for the hill is no more than +/-0.11m. 

The drop measurement is 486.883-339.194 = 147.689m and therefore does not achieve the 150m required to give Baystones Marilyn status. 
6) Summary and Conclusions

The summit of Baystones is at grid reference * NY 40314 05142 and is a rocky knoll 3 metres to the West of the cairn.  Its height is 486.88+/-0.04m.
The top 130m to the North of Baystones is 0.827m lower and Wansfell Pike is at least 4m lower than the summit of Baystones.
The col, which separates Baystones from its higher neighbour, Caudale Moor, is at grid reference * NY 40617 06558.  Its height is 339.2+/-0.1m.
The re-ascent from the col to the summit is 147.7m and therefore Baystones is reclassified to sub-Marilyn status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 15 February 2010. 
Figure 1: 3D reconstruction of col derived from survey data
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