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1) Introduction

Calf Top (Section 35B, OS 1:50000 Map 98, Grid Ref. SD664856) is a “Dewey” situated in the North West Yorkshire Dales about 8km South East of Sedbergh. The latest 1:25000 OS map marks the summit with a trig point at 609m. The OS database gives the height of the Flush Bracket on this trig point as 609.60m (2000.00feet). We surveyed the hill in December 2006 using an automatic level and staff in order to find out if there was any natural ground higher than the Flush Bracket.  If there was higher ground, then the hill would have a height of 2000 feet and be a candidate for promotion from the list of “Deweys” to Nuttall/Hewitt status. However, the survey showed the highest ground to be 0.15m LOWER than the Flush Bracket, thereby measuring the height to be 609.45m and below 2000.00feet.
Now that we have a survey-grade differential GPS available to us we are able to measure height accurately to a few centimetres.  We have previously measured the heights of a number of Flush Brackets on trig points in order to compare our measurements with the OS database. Generally agreement has been to within a few centimetres but we have had examples where the difference has been as high as 0.2m to 0.3m. If the height of the Flush Bracket is low by more than 0.15m, then Calf Top would exceed 2000.00 feet. Therefore, the purpose of this survey was to measure accurately the height of Calf Top

2) Equipment used and Conditions for Survey 

The position of the summit was located 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. 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.

Conditions for the survey, which took place between 12.30hr and 15.00hr BST, were satisfactory. The weather was quite cold, 5 degrees Celsius, but with a chilly breeze. At first it was sunny but became cloudy during the survey, although visibility remained good.  
2.1) Character of Hill 

Calf Top is the highest point in the triangular region of the North western Yorkshire Dales between Sedbergh to the North, Kirby Lonsdale to the South and Gawthrop to the North East. It is part of the ridge that runs in a South Easterly direction on the North West side of Barbondale. The continuation of this ridge leads to a “Dewey” called Castle Knott (536m) before descending to the valley at the village of Barbon.  Access is best gained from the highest point of the minor road in Barbondale about 2km North East of Calf Top. There is limited parking for a few cars on the grass verge without causing an obstruction to the road. The marked Right of Way can be followed for about 0.5km North before turning North West and following the grassy hillside up to a gate in a wall. Then, having reached the ridge, the ascent continues for about 2km and crosses two fences to reach the hill’s trig point. The ground to the south of the trig point does appear to be higher than the Flush Bracket on the trig point, but as in our previous survey we found this to be an illusion. The summit area is also complicated by a crumbling dry stone wall which runs parallel to a fence, and limits visibility. A small cairn on the opposite side of the wall/fence from the trig point now appears to mark the summit position
2.2) Summary of Survey Method
The summit position was identified using the Leica level and staff. Staff measurements were made from various candidate positions until the lowest reading had identified the highest point. Then the level was moved into a position so that it was possible to compare staff measurements taken from the Flush Bracket on the trig point at the summit position. (The cairn was dismantled to do this)
The Leica 530GPS was set up over the summit position with the antenna on a 2.000m pole, and data were collected for 2 hours with an epoch time of 5 seconds. 
2.3) The Summit
The summit was surveyed with level and staff as described in Section 2.2 and we are confident this was achieved to within +/-0.05m of height.
The ten-figure Grid References measured for the summit were:-

Garmin Map 60CSx 


SD 66450 85625

Accuracy 4m
Height = 608m
Garmin Venture


SD 66450 85626

Accuracy 7m
Height = 607m
Garmin Etrex 



SD 66449 85624

Accuracy 5m
Height = 612m
Magellan Explorist100

SD 66449 85627

Accuracy 7m
Height = 611m
 The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest ten OS Active Base stations were:-
	System
	Easting

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

	SR 530
	366448.959
	0.001
	485623.702
	0.001
	609.610
	0.005


Using the level and staff we measured the Flush Bracket on the trig point to be 0.16m lower than the summit position. The OS Trig Database records the Flush Bracket height as 609.60m but our measurements indicate this should be 0.16m higher at 609.76m.
3) Discussion of Results

We have measured Calf Top to be 609.61m, only 0.01m over 2000.00feet. Our overall estimated error in the measurement is +/-0.08m (+/-0.06m from the GPS and +/-0.05m from the uncertainty in the summit position.). Therefore, we cannot be definitive that Calf Top is a new mountain exceeding 2000.00 feet. In fact all we can conclude on the measurements taken so far is that there is about a 50% probability that Calf Top is 2000.00 feet or higher.
Having discussed the results with Mark Greaves at the Ordnance Survey, we will need to return to the summit of Calf Top to collect another GPS dataset, possibly for 4-6 hours with optimum satellite coverage in order to improve our confidence in the measured height.
As Flush Bracket heights quoted by the Ordnance Survey are in a frozen data set these cannot be changed, but if our measurement is confirmed by another survey, the OS map will be changed to reflect any new summit height.
4) Summary and Conclusions

The summit of Calf Top is at grid reference * SD 66450 85626 and is a marked with a small cairn. Its height was measured to be 609.61+/-0.08m
The Flush Bracket height of the adjacent trig point was measured to be 609.76m, 0.16m higher than that reported in the OS database.

The evidence that Calf Top definitively exceeds 2000.00 feet (609.60m) needs strengthening with a further GPS height survey.


* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 27 April 2010. 
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