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1) Introduction

Lambrigg Fell (Section 34D, 1:50000 Map 97, Grid Reference SD586941), is listed in Alan Dawson’s Relative Hills of Britain. Its drop, as measured from Ordnance Survey maps, is 152m and therefore there is a possibility that this may be less than 150m, in which case Lambrigg Fell would then be demoted from this list. We surveyed this hill in December 2006 with a Leica Runner 20 automatic level and extendable E-staff in order to identify the highest point from a number of possibilities. The summit was found to be at grid reference of SD 58682 94184.  This is the ring contour South of that showing the 338m spot height on the OS 1:50000 map.

In order to obtain an accurate height for this hill, we re-surveyed it on 20 October 2010 (see separate report) with our Leica 530 GPS and measured the height to be 339.6+/-0.1m at a slightly modified summit position of SD 58684 94179.

The purpose of this survey was to identify the position of the col and to measure accurately its height in order to calculate the drop for Lambrigg Fell. 

2) Equipment used and Conditions for Survey 

Absolute height was 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 and three metres respectively. 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 7 software.

The position of the col was located using a Leica NA730 automatic level/E-staff extendable to 5m, and a Leica Disto A8 laser distance measurer. The latter has a built-in tilt meter which allows vertical heights to be calculated when a distance and angle of inclination/declination is measured.

Conditions for the survey, which took place between 11.00hr and 15.00hr GMT, were good. The weather was quite mild, 10 degrees Celsius, but overcast and a little murky. However, visibility was satisfactory for the distances involved in this survey.  

2.1) Character of Col 

Lambrigg Fell is the site of a wind farm just to the west of Junction 37 on the M6 motorway. The col is about 2km North East of the hill and is very close to the M6 motorway. The land here is agricultural and is primarily set aside for sheep to graze. The col is also complicated by the presence of the main national North South railway track which at this point runs in an approximate West to East direction and is sunk in a cutting several metres deep. A portion of the OS 1:25000 showing the region containing the col is shown in Appendix 1. According to this map, the natural col lies between 180m and 190m. (These contours have been highlighted in red and black respectively). The valley to valley direction is West to East and the possible position of the col extends to a distance of about 1km in this direction. At its West end, the railway cutting defines the col, but to the East it deviates to the North of the valley to valley col direction.

2.2) Survey of Col

Prior to this survey, Jim Bloomer spent some time in this col area studying the landscape to identify the area where the survey should be focussed. He concluded that there was a definite col near Shaw End, about 100m to the East of where the road bridge crosses the railway line. The 190m “North” and “South” contours come close together at this point and the hill to hill direction for the col is quite obvious. However, Alan Dawson has quoted the col at SD602961, which is about 300m ENE of this position. The key to eliminating this position is the junction of three streams that meet at SD 6013 9616. The flow direction, to the East, for these streams forces the col seeker back to the south side of the railway and to the previous col position. The slope of the ground in this area is also consistent with this conclusion.

The exact col position clearly lies within the railway cutting which is several metres deeper than the “natural” ground either side of it. We were not able to set up the Leica 530 GPS in the railway cutting as this was private land and also it would be too dangerous to survey near to a main North/South very busy railway line!  Therefore, we approached the problem in two parts. Firstly we measured the depth of the railway cutting with respect to two reference points, and secondly we measured the heights of the two reference points with respect to the chosen GPS measurement position. From these levelling measurements we would be able to obtain an absolute height for the bottom of the railway cutting.

We chose to survey from ground on the South side of the railway track since the field there gave better satellite visibility and a clearer view into the bottom of the railway cutting.  First, near the col we chose two stanchions that support the overhead electric cables.  These were sufficiently reflective to allow us to take measurements from them with the Leica Disto A8.  We then chose a fence post near each stanchion upon which we could rest the Disto and hold the instrument steady during measurement.  Next we used the Disto to measure the distance from the top of each fence post to the base of its respective stanchion and also the angle of declination.  Thus the vertical height (top of fence post to base of stanchion) can be calculated by trigonometry (Vertical Height = Direct distance x Sine (Angle of Declination)). The two sets of measurements for each position are given in the table below.

	Measurement
	Post 1
	Post 2

	Direct Distance to Base of Stanchion (m)
	29.41
	26.87

	Measured Angle to Base of Stanchion (degrees)
	15.6
	16.0

	Drop from Top of Pole to Railway Cutting Base (m)
	7.91
	7.41

	Staff Reading from top of Post (m)
	0.670
	1.120

	Height of Level above Ground (m)
	0.895
	0.895

	Height of ground at Level above Railway Cutting Base (m)
	7.69
	7.64


The Leica 530 GPS was set up on the tripod exactly over the point on the ground where the automatic level had been previously. The antenna was mounted on the tripod 0.760m above the ground. Data were collected for 90 minutes with an epoch time of 30 seconds.  

The ten-figure Grid References measured with hand-held units for the Leica 530 GPS set up position were:-

Garmin Map 60CSx 


SD 59853 96000

Accuracy 3m
Height = 187m

Garmin Venture


SD 59854 96001

Accuracy 6m
Height = 190m

Garmin Etrex 



SD 59853 96001

Accuracy 5m
Height = 193m

Magellan Explorist100

SD 59853 96002

Accuracy 8m
Height = 193m

The position and height data that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest eight OS Active Base stations and the Computed Tropospheric model were:-

	System
	Easting

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

	SR 530
	359851.108
	0.002
	495999.434
	0.002
	188.653
	0.003


The absolute height of the col at the base of the railway cutting is therefore 188.65 - 7.65 = 181.00metres.

The position of the col in the railway cutting can be calculated from the two positions on the edge of each bank.  These were SD 59826 96006 and SD 59799 96035 which yield a value of SD 5981 9602 (to eight figures) for the col position in the cutting. 

Having completed the GPS measurements we measured the profile of the land either side of the railway cutting along the hill to hill col line. We did this using the automatic level to take staff readings from flags placed about every 10 metres along the line. The profile in the South to North direction is shown below and the line of measurement is shown in red on the Ordnance Survey map:
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              Line of profile (shown by red line) across cutting


3) Discussion of Results

The height of the ground at the set-up position of the Leica 530 GPS was measured to be 188.65m. For 90 minutes data collection we would expect an uncertainty in this measurement of about +/-0.1m. The base of the railway cutting was shown to be 7.65m lower than the position of the Leica 530, which gives a final result of 181.0m for the height of the col.  The uncertainty in the Leica Disto A8 measurements is about +/-0.2m.  There is the added uncertainty of the depth of ballast and whether this should or should not be considered in the measurement.  We estimate this uncertainty to be +/-0.5m   In our previous survey of Lambrigg Fell, we measured its height to be 339.6+/-0.1m. Therefore the drop for Lambrigg Fell is 158.6+/-0.6m.

The profile measurement of the line of the col from hill to hill through the railway cutting allows one to predict where the “natural” col may have been before the cutting was made. It seems that the most likely position for this was somewhere near the North edge of the cutting and the profile suggests it could be about 2.0 to 2.5m lower than our GPS measurement position.  In this case the absolute col height would be 186.4m with a calculated drop of 153.2m.  Note the road has been cut through the col and the slight rise in ground height between the road and the cutting probably reflects where earth has been deposited during engineering of road and/or railway line.  

It does not matter if one considers the col position to be at the bottom of the railway cutting, on natural ground on the edge of the cutting or a hypothetical position before the cutting was built, Lambrigg Fell’s drop exceeds 150m in all cases and therefore the hill retains its Marilyn status.  

4) Summary and Conclusions

The summit of Lambrigg Fell is confirmed at grid reference * SD 58684 94179 and is not marked with any feature. Its height was measured to be 339.6+/-0.1m.

The col of Lambrigg Fell is at Grid Reference *SD 5981 9602 and is at the bottom of the railway cutting. Its height was measured to be 181.0+/-0.5m.

The drop for Lambrigg Fell is 158.6+/-0.6m and therefore its Marilyn status is confirmed.

* NB hand-held Garmin determination is quoted in this summary.

John Barnard and Graham Jackson, 04 April 2011.

Appendix 1

1:25000 map of showing area around the col of Lambrigg Fell

(180m contours shown in red and 190m contours shown in black)
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