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1) Introduction

Craig yr Hafod (Section 30D, OS 1:50000 Maps 124/125, Grid Ref. SH888437) is listed in Michael Dewey’s list of 500m hills and the summit is marked with a spot height of 523m. Mick Moore visited the hill in March 2011 and commented on the anomalous height reading of his GPS (539m). Subsequently, John Barnard climbed this hill in June 2011 and with three independent handheld GPS units measured this hill’s height to be between 537m and 539m. Values of 534m (David Purchase) and 540m (Graham Jackson) had also been recorded. Although experience has shown that handheld GPS units tend to read high most of the time, the consistent discrepancy of about15m is much higher than normal and suggests a possible error in the OS spot height.  
The purpose of this survey was to measure accurately the height of Craig yr Hafod.

2) Equipment used and Conditions for Survey 

The summit of the hill had previously been located by an Abney level survey.
Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 12-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 7 software.
Conditions for the survey were rather poor. The sky was cloudy and at times there was light drizzly rain. The summits were not clearly visible being covered with a light mist. Although this hindered visibility, it did not affect the survey since only a GPS height measurement was required on the already identified summit position. On the summit of Craig yr Hafod, there was a brisk breeze that combined with the damp atmosphere, produced significant wind chill. It was therefore necessary to find shelter from the easterly wind on the western side of the hill, while the GPS data were collected. The survey took place between 11.30 and 13.30 GMT. 

3) Character of Hill 

Craig yr Hafod is situated about 4km North of the eastern end of Llyn Celyn. It is one of the easterly hills in a horseshoe that incorporates, in a clockwise direction, Foel Boeth, Carnedd y Filiast, Craig yr Hafod and Graig Ddu. Apart from Carnedd y Filiast, the other three hills are included in Michael Dewey’s list of 500m hills. Craig yr Hafod is typical of the lower hills in this region of Wales being covered extensively with thick heather and tussock grass. If only Craig yr Hafod is to be climbed, then access is most easily obtained from the minor road that runs in a North South direction about 2km East of the hill. Two rights of way lead from this road to points South and North of the summit and then it is stumble over heather and grass to reach the summit from either direction. The summit is now marked with a small cairn.

4) Summary of Survey Method
The Leica 530GPS was set up with tripod support to hold it firmly over the summit position with the AT502 Antenna mounted on a 2.000m pole. (See Appendix 1 for photograph). Data were collected for 80 minutes with an epoch time of 30 seconds. The data were post-processed using Leica GeoOffice 7 with RINEX data downloaded from the OS website for the eight nearest Active Base Stations.

5) The Summit
An extract from the latest Ordnance Survey 1:25000 map is shown in Appendix 1. This clearly shows a spot height of 523m for the summit of the hill. Below that is the 520m ring contour of approximate oval shape, 300m wide in the North South direction and 150m wide in the East West direction. Although this topography indicates a fairly flat summit, its actual position is not hard to find. Visually we could identify its position to within a few metres and then with an Abney level and trekking poles of equal length, the position was located more accurately. A more limiting factor for the accuracy is the thickness of the heather and tussock grass. This part of the survey was carried out on a previous visit to the hill and the highest point had been marked with a small cairn.
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 and the Hopfield Tropospheric model were:-
	System
	Easting

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

	SR 530
	288878.278
	0.001
	343749.904
	0.001
	533.634
	0.010


6)   Discussion of Results

The height of Craig yr Hafod was measured to be 533.63m and confirms our observations that the spot heights of 523m on the Ordnance Survey maps are incorrect. The largest error associated with this measurement would be caused by the thickness of the heather and tussock grass. However, we would estimate that this would produce an uncertainty in the height measurement of no more than +/-0.2m 
7)   Summary and Conclusions

The summit of Craig yr Hafod is at grid reference * SH 88882 43756 and is marked with a small cairn.  The hill’s height was measured to be 533.6+/-0.2m.
The spot height of 523m quoted on Ordnance Survey maps is incorrect.
Ordnance Survey has agreed to revise the height of Craig yr Hafod on its maps.


*NB average hand-held Garmin/Magellan GPS grids taken from Database of British Hills are quoted in the summary.
John Barnard and Graham Jackson, 08 November 2011 
Appendix 1

The Leica 530GPS set up over the summit of Craig yr Hafod
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Extract of OS 1:25000 map showing the summit spot height of 523m
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